
WO 2010/051294PCT/US2009/062291 COLOR FORMULATION SELECTION PROCESS WITH
VISUAL DISPLAY RELATED APPLICATION [0001] This application is a
continuation-in-part application of U.S. Application No. 12/112,556 filed
April 30, 2008 entitled "Color Formulation Selection Process", incorporated
herein by reference. FIELD OF THE INVENTION [0002] This invention relates
to a method and system for determining a color formulation for refinishing
a vehicle. BACKGROUND OF THE INVENTION [0003] When a vehicle is designed,
the vehicle paint has an original formulation that is specified for
production, referred to as the prime formulation for that paint. However,
the color of paint applied to vehicles in a manufacturing setting tends to
vary. The variability can be observed both within a single production
facility when the components of the paint composition change slightly
between production runs. This is typically seen as a drift in paint color
of vehicles manufactured at a particular production facility. In addition,
even more significant differences in the paint color can be observed
between vehicles manufactured 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. [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 lacility, an estimate for conducting the repair is
prepared. The repair work includes body work on painted components (e.g.,
panels or  WO 2010/051294PCT/US2009/062291 bumpers) and often also involves
repair of the vehicle's mechanical systems and electrical systems. The
final step in a repair process is refinishing the exterior damaged portion
of the vehicle. The paint repair involves obtaining a paint formulation
that closely matches the color and color effect of the original vehicle
paint. The process of determining the matching paint formulation does not
occur until near the time that the vehicle is ready for refinishing, i.e.,
alter the body work (and any mechanical/electrical systems work) is
completed. By that time, the vehicle may already have been at the repair
facility for several days or longer. Repair personnel are then tasked with
rapidly identifying a closely matching refinish paint formulation. Any
delays in attempting to identify a satisfactory paint formulation are often
a source of delay in returning the vehicle to its owner. In addition,
delays associated with refinish paint color matching at the end of the
repair process are costly to the repair facility in terms of productivity
(throughput) and associated expenses (such as insurance). SUMMARY OF THE
INVENTION [0007] The present invention is directed to a
computer-implemented method of repairing a vehicle comprising: (1) prior to
beginning repair work on a vehicle: (a) estimating the cost of performing
repairs to a damaged vehicle; and (b) conducting a computer-based search to
identify a refinish paint formulation that best matches the vehicle
original finish; and (2) performing repair work on the vehicle, the repair
work comprising refinishing the vehicle with the best matched refinish
paint formulation identified in step (1). [0008] The present invention 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 present invention 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.  



WO 2010/051294PCDUS2009/062291 [0010] The present invention further
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; 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 the best match refinish formulation having a desired match
rating; and displaying a color chip of the selected formulation. [0011]
Also included is 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. BRIEF DESCRIPTION OF THE
DRAWINGS [0012]FIG. 1 is a flow chart of the method of the present
invention; [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 present
invention 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.  



WO 2010/051294Par11 820 '062291 In the method of the present invention,
after preparation of the repair estimate (step 10), a refinish paint
formulation for refinishing the damaged body work of the vehicle undergoing
repair is selected. It has been found that by performing the refinish
formulation selection process INSfi in advance of the actual physical
repair of the vehicle, bottlenecks associated with color matching that
normally are presented at the end of the repair process can be avoided or
at least worked out during the time that the body work and any
mechanical/electrical systems work is conducted. By identifying an
appropriate refinish paint formulation early in the auto body repair
process, when the vehicle is ready for refinishing, the refinish paint
formulation may be ready for mixing and application. Moreover, the search
for a best match refinish paint formulation may be conducted using some or
all of the computer systems employed to generate the repair estimate.
[0016] In one embodiment of the invention, color data from a surface of an
undamaged portion of a vehicle is obtained in step 12. This may be
performed using a spectrophotometer that provides a measurement of the
color characteristics of a painted surface in the form of reflectance data
corresponding to the amount of light reflected from the painted surface at
certain viewing angles and/or illumination angles. The viewing angles of
color data measurement may all be in a single plane (in-plane) or they may
be out-of-plane with respect to each other. Suitable spectrophotometers are
manufactured by X-Rite America, Incorporated of Grand Rapids, MI, such as
the X-Rite MA48 for viewing at in-plane angles and the X-Rite MA98 for
viewing at out-of-plane angles. Likewise, light illuminating the painted
surface may be directed at the painted surface at one angle or more than
one angle, with the multiple angles of illumination being in-plane or
out-of-plane. The present invention includes obtaining color data 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 (Lteh*) color space that is based on
tristimulas values of color using the three primary colors (red, green,
blue). The Vett* values represent brightness, chrome and hue, respectively.
In one embodiment, the Leh* 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  WO
2010/051294PCT/US2009/062291 measured color data from a spectrophotometer
to a computer include wireless communication, memory sticks or the like or
data transfer to a remote server via the Internet. In one embodiment, the
transfer may be conducted by docking the spectrophotometer into a receiver
that is hardwired to a computer. In addition, by "computer" is meant any
microprocessor based device, such as a desktop computer, laptop computer,
computer network, a remote server or a handheld device, such as a cellular
device or personal data assistant (PDA). [0019] In step 14, the
manufacturer's name and the color code for the paint applied to the vehicle
are obtained and entered into the computer. The color code is typically
provided on the vehicle, such as on the door jam or the like, in an
alphanumeric format. The color code is input via an input device such as a
keyboard or a wireless transfer device. [0020] The computer includes
software for conducting a match of the color data and color code (or of the
color data alone) to refinish paint formulations maintained in a database
of the computer, as described below. The database includes prime and
variant formulations of refinish paint formulations that are associated
with vehicle manufacturer color codes and color data. The database may
include custom formulations associated with color data. Custom formulations
are occasionally developed by refinish paint professionals when none of the
preexisting prime and variant formulations provide a suitable match with
the paint of a vehicle undergoing repair. In one embodiment of the
invention, a refinish paint professional obtains color data for the custom
formulations, such as by using a spectrophotometer to measure reflectance
data from a surface painted with the custom formulations. The database
containing custom 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 TM or Paliocromm 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  WO 2010/051294PCT/US2009/062291 variant
searching based on the color data and color code, the software in the
computer limits the search to the prime formulation and variants thereof
that are specifically associated with that color code. This increases the
probability of special effect pigments (such as metallic and pearlescent
effect pigments) of the identified paint formulation matching the size and
type of the special effect pigments of the original vehicle paint. By "best
match" or related phrases, it is meant that the identified refinish paint
formulation, when applied to the vehicle, appears the same as (or cannot be
discerned with the eye as differing from) the adjacent undamaged portion of
the vehicle. [0023]In the event that the color code is not available for
the vehicle or is otherwise not used, step 14 may be omitted (as per route
14a) and a chromatic search is conducted based solely on the color data
obtained from the vehicle. In a chromatic search, the software searches the
entire database of color data without specific regard to the special effect
pigments. However, the chromatic search may be further refined by including
one or more search criteria such as manufacturer, model, territory, year of
manufacture, color family, flop index range, finish effect, vehicle part,
VIN, special effect pigment, and particle size. As with a variant search,
use of additional criteria increases the probability of special effect
pigments (such as metallic and pearlescent effect pigments) of the
identified paint formulation matching the size and type of the special
effect pigments of the original vehicle paint. [0024] The output of the
search on the computer is the most likely prime or variant formulation or a
plurality of formulations that best match the color data for the color code
(a variant search via step 14) or best match the color data regardless of
color code (a chromatic 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 match 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 



WO 2910/951294PCPUS20091062291 average over a muftiplicity of viewing
angles. The match rating may be further modified by calculating the
difference in flop index using published equations. The match rating is
used by the repair personnel to provide a confidence level of the best
match offered by the software. In this manner, the identified refinish
paint formulation may be applied to the vehicle according to the match
rating for the formulation. For example, match ratings of a value less than
8 may be regarded as an excellent or "panel" match, e.g. a sufficiently
good match that a panel may be repainted without blending. Match ratings
greater than 8 but less than 15 may be regarded as a "blendable" match that
may require blending of the paint from the panel being refinished to
adjacent portions of the vehicle. These numeric values are not meant to be
limiting, and other confidence levels for the best match may be required
when the vehicle paint has a solid color or a metallicipearlescent color
effect. The refinish formulation with the lowest match rating is considered
the best match, but this is a function of the calculation of match rating.
The calculation of match rating could also be performed so that the highest
values are considered the best match. The match ratings may be displayed
numerically or via a visual indicator or both. By way of example, visual
indicators may include a color or a symbol or both. The colors may be
recognizable traffic colors, e.g. green for an excellent match, amber for a
blendable match and red for a match that may require some tinting of the
identified formulation. Suitable symbols include a traffic light
(indicating an excellent match), a yield symbol (indicating a blendable
match), and a cautionary symbol such as in the form of a stop sign to
indicate that some additional tinting may be needed. [0025] An output
device in communication with the computer presents the Jest matched
refinish paint formulation 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
match 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.
[00251 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  WO 2010/051294PC l'/U S2009/062291
portion of the screen area. The color chip of the vehicle and the color
chip of the selected refinish paint formulation may be viewed side by side
as an indication or confirmation of the accuracy of the match. The
identified formulation is mixed and applied to a test portion of the
vehicle in step 20. If the applied formulation is acceptable, the remaining
portion of the repair of the vehicle proceeds as planned and the vehicle is
painted with the formulation upon completion of the body work repair and
the repair of the mechanical/electrical systems. [0027] Figs. 2A-2C
represent computer screen shots from an example of using the method of the
present invention in conducting a chromatic search. Since
spectrophotometers used in color matching can typically hold a plurality of
readings from a plurality of vehicles, Fig. 2A shows a plurality of
spectrophotometer readings of color data, with the highlighted data being
selected by the user. In a chromatic search, the user requests a match to
be conducted based on the color data (i.e. by clicking on the "Formulate"
button), resulting in a screen as shown in Fig. 2B, which provides match
ratings ("MR") for ten possible formulations. The formulation with the
lowest match rating 13 is selected (as indicated by the highlighted
portion) and the screen includes a color chip of the vehicle color data
("Target Car Color") and a color chip of the selected formulation ("Found
Match Color"). By clicking on the "Continue' button, the user is presented
with a screen as shown in Fig. 2C with detailed information on the
formulation, including a listing of components and other properties of the
formulation. [0028] Figs. 3A-3E (along with Fig. 28), represent computer
screen shots from an example of using the method of the present invention
in conducting a variant search. Fig. 3A represents a screen shot 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 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.
30. 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 



WO 2010/051294PCT/US2009/062291 screen as shown in Fig. 3E with detailed
information of the formulation, including a listing of components and other
properties of the formulation. [0029] The examples of using the methods of
the present invention described in reference to Figs. 2 and 3 are merely
examples, which are intended to be illustrative only, since numerous
modifications and variations therein will be apparent to those skilled in
the art. [0030]It will be readily appreciated by those skilled in the art
that modifications may be made to the invention without departing from the
concepts disclosed in the forgoing description. Such modifications are to
be considered as included within the following claims unless the claims, by
their language, expressly state otherwise. Accordingly, the 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.  The
invention claimed is:  1. A computer-implemented method of identifying a
refinish repair formulation eomprisin       providing a computer having a
database comprising refinish paint formulations associated with color data
and color codes; 



entering a color code for a prime paint formulation of a vehicle into the
computer; searching the database to identify a prime refinish formulation.
and at least one variant refinish formulation in the database associated
with the color code;       entering reflectance data obtained from a
surface of a portion of a vehicle to be repaired into the computer;
using color difference equations to calculate a match rating for each of
the identified prime refinish formulation and the identified variant
refinish tbilailation wherein the match ratings represent a combined color
difference and a difference in flop index between the reflectance data
obtained from the surface of a portion of the vehicle to be repaired and
color data for the identified prime refinish formulation and the identified
variant refinish formulation;        displaying a visual representation of
the mat ch rating for at least one of the identified prime refinish
formulation and the identified variant finish formulation; selecting a hest
match refinish formulation having a desired match rating; and displaying a
color chip of the selected formulation. 2. The method of claim 1, wherein
the database further comprises refinish paint formulations associated with
additional criteria comprising manufac ""T nodel, territory, year of
manufacture; color family, flop index range, finish  effect, vehicle part,
YIN, special effect pigment, particle size, and combinations thereof.  3.
The method of claim 1, further comprising displaying a formula for the
selected  formulation. 



4. The method of claim 1, wherein the visual representation of the match
rating is displayed as at least one of a traffic light, a yield. symbol,
and a cautionary symbol. 5. The method of claim 1, wherein the reflectance
data is obiained using a portable spectrophotometer. 6. The method of claim
1 herein the color difference comprises a simple average or a weighted
average of ()Dior differences over a plurality of viewing angles. 7. The
method of claim 1, wherein the color difference comprises a weighted
average over a multiplicity of viewing angles. 8. The method of claim 1
wherein the reflectance data is obtained from illumination of the surface
of the vehicle at a plurality of angles. 



9. The method of claim I further comprising; updating the database to
include user produced custom formulations associated with the color codes.
10. The method of claim 1, wherein the match rating is numeric or visually
indicated or both._ 11. The method of claim 1, wherein the match rating is
a panel match. 12. The method of claim wherein the match rating is a blend
match. 13. The method of claim 1, wherein more than one best match refinish
paint. formulation is presented on the output device and each of the best
match refinish paint formulations is presented with its corresponding match
rating. 14. The method of claim 13, wherein the best match refinish paint
formulations are presented as a listing indicating at least one of: a foi
miation identifier, a brand code, or a paint system. 15. The method of
claim 1, wherein the visual representation of the match rating is 



displayed as one of a red amber or Dicer' color, 


