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The present invention is directed to an automotive color matching system and method that may be implemented on a smartphone
or other computing device. The method comprises receiving at least one digital image of a vehicle captured by a camera in
communication with a processor of the computing device; analyzing the digital image of the vehicle to determine vehicle information
(e.g., the make, model, and/or model year of the vehicle); and determining color information (e.g., a color formula for each of the
colors associated with the vehicle information). A final paint color selected from the colors in the color information may be
transmitted to a dispenser or scale for application of paint to the vehicle. Various embodiments of the automotive color matching
system and method are disclosed.
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Abstract:

The present invention is directed to an automotive color matching system and method that may be
implemented on a smartphone or other computing device. The method comprises receiving at least
one digital image of a vehicle captured by a camera in communication with a processor of the
computing device; analyzing the digital image of the vehicle to determine vehicle information (e.g.,
the make, model, and/or model year of the vehicle); and determining color information {e.g., a color
formula for each of the colors associated with the vehicle information). A final paint color selected
from the colors in the color information may be transmitted to a dispenser or scale for application of
paint to the vehicle. Various embodiments of the automotive color matching system and method are
disclosed.
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AUTOMOTIVE COLOR MATCHING SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to US Patent Appl. No. 16/529,899, filed August

2, 2019, the content of which is incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] Not applicable.

BACKGROUND OF THE INVENTION

[0003] Automobile manufacturers use different types of automotive paint finishes, the
most common of which is a basecoat/clearcoat finish. A basecocat/clearcoat finish includes a
basecoat that provides the desired color and color effect to a vehicle, and then a transparent
clearcoat is applied over the basecoat to provide protection for the basecoat and improve the
performance (e.g., mechanical properties such as scratch resistance, hardness, etc.) and
appearance of the overall finish. A monocoat finish that includes only a basecoat may also be
used, or a multilayer finish that includes a clearcoat applied over two or more basecoat finishes.

[0004] When a vehicle has been damaged, a significant part of the repair process is
ensuring a seamless application of automotive paint to the damaged area of the vehicle without
requiring the entire vehicle to be repainted. Auto body paint specialists utilize various means to
achieve a match between the aftermarket paint color used to repair the vehicle and the vehicle's
original paint finish. For example, some paint specialists perform a visual color assessment to
obtain a match, which is time-consuming and requires a certain amount of trial and error in the
color selection process. Other paint specialists use technological systems to assist with selection

of the best color formula, such as color retrieval systems and spectrophotometers.
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[0005] A conventional color retrieval system requires a user to manually enter a variety
of different types of information relating to a vehicle, and then accesses a color information
database to retrieve color results associated with that user-entered information. The functionality
of the software used in a color retrieval system is shown in the process flow diagram of FIG. 1.
In step 100, a user manually enters vehicle information (e.g., the make, model and/or model year
of the vehicle) and color information (e.g., a color code) into the system. In step 102, the system
accesses a color information database to retrieve the vehicle colors associated with the entered
vehicle and color information. In step 104, a determination is made as to whether the vehicle
colors were located and, if not, the process returns to step 100 for manual entry of additional or
corrected vehicle and color information. If the vehicle colors were located, the color results are
presented to the user in step 106 and, in step 108, the user selects the best color from the color
results. In many cases, the user will use physical color chips and/or a coarseness selector (which
may be a color swatch with colors having different coarseness values) to make the color
selection. In step 110, the system transmits the color formula for the selected color to a
dispenser or scale for application of paint to the vehicle.

[0006] There are several drawbacks associated with the use of a conventional color
retrieval system. For example, the system requires a user to manually enter a relatively large
amount of information, which can be time-consuming and prone to human error. Also, the user
may not have knowledge of all of the pertinent information, e.g., the user may not know the
model year of the vehicle. In addition, the location of the color code is not uniform across all
vehicles, and the time spent in locating the color code further adds to the overall time required to
perform the color retrieval process. Further, there is no way to distinguish between vanants of

the same color without the use of color chips. Of course, the use of color chips is not ideal due
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to the manual nature of the process and, in addition, not all colors in the color information
database have a corresponding color chip.

[0007] Some auto body paint specialists use a computer-controlled spectrophotometer to
determine the color formula that will provide an exact match to the vehicle's original paint finish.
A spectrophotometer is a small optical instrument that electronically measures color by, for
example, illuminating an unaffected area of the vehicle being repaired with light composed of
different wavelengths (either simultaneous or successive illuminations) and records the reflected
light for the different wavelengths. The percentage of reflected light for each wavelength in the
visual spectrum is used to search a database of color formulas, and the formulas with the lowest
color differences are retrieved {or possibly a single color formula is retrieved). While a
spectrophotometer provides an accurate means to perform the color matching process, many
body shops do not to utilize this instrument due to its relatively high cost. Also, operation of a
spectrophotometer requires a certain level of expertise, which may not be available at certain
auto body shops. Further, placement of an expensive optical instrument in an auto body shop is
not always a desirable option.

[0008] Thus, there remains a need in the art for color matching technology that
overcomes some or all of the drawbacks associated with conventional color retrieval systems and
spectrophotometers and/or that offers other advantages compared to existing technological

systems.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention is directed to an automotive color matching system and
method that that may be implemented on a smartphone or other computing device. In general

terms, the computing device is configured to execute a color matching application that enables
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selection of an aftermarket paint color to match the color of the vehicle's original paint finish.
Preferably, the color formula for the selected paint color is transmitted to a dispenser or scale for
application of paint to the vehicle, although the color matching application may also be used with
scales that are operated manually.

[0010] In a first exemplary embodiment of the invention, the computing device
comprises a processor and memory device, wherein the memory device stores instructions that
cause the processor to receive one or more digital images of a vehicle captured by a camera in
communication with the processor (e.g., the camera of a smartphone or other types of cameras,
as described below). The processor determines vehicle information associated with the digital
image(s) of the vehicle, e.g., by retrieving vehicle information associated with the vehicle
image(s) in a vehicle information database. The processor then determines color information
associated with the vehicle information, e.g., by retrieving color information associated with the
vehicle information in a color information database. Other information may optionally be used
to determine the color information, such as the region of the vehicle ascertained from GPS
information received from a GPS receiver, vehicle identification number (VIN) information
determined from a VIN or VIN barcode, information received from a color retrieval system,
and/or information manually entered by a user. In some embodiments, the processor presents
color results comprising all or a portion of the color information, and receives a user selection of
a final paint color for the vehicle from the color results. Preferably, the color formula for the
final paint color is transmitted to a dispenser or scale for application of paint to the vehicle.
[0011] In a second exemplary embodiment of the invention, the computing device
comprises a processor and memory device, wherein the memory device stores instructions that

cause the processor to receive one or more digital images of a vehicle captured by a camera in
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communication with the processor (e.g., the camera of a smartphone or other types of cameras,
as described below). The processor determines vehicle information (e g, the make, model,
and/or model year of the vehicle) based on an analysis of the digital image(s) of the vehicle. The
processor also determines color information (e.g., a color formula for each of the colors
associated with the vehicle information). Other information may optionally be used to determine
the color information, such as the region of the vehicle ascertained from GPS information
received from a GPS receiver, vehicle identification number (VIN) information determined from
a VIN or VIN barcode, information received from a color retrieval system, and/or information
manually entered by a user. In addition, the processor determines a basic color of the vehicle
based on an analysis of the digital image(s) of the vehicle. In some embodiments, the processor
presents color results comprising the colors in the color information that are related to the basic
color of the vehicle, and receives a user selection of a final paint color for the vehicle from the
color results. Preferably, the color formula for the final paint color is transmitted to a dispenser
or scale for application of paint to the vehicle.

[0012] Various other embodiments and features of the present invention are described in
detail below with reference to the attached drawing figures or will be apparent to those skilled in

the art based on the disclosure provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 is a process flow diagram of the operations performed by a conventional
color retrieval system.
[0014] FIG. 2 is a block diagram of an automotive color matching system in accordance

with an exemplary embodiment of the present invention.
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[0015] FIG. 3 is a block diagram of a smartphone that may be used as the computing
device shown in FIG. 2.

[0016] FIG. 4 is a process flow diagram of an automotive color matching method
performed by the computing device shown in FIG. 2 in accordance with a first exemplary
embodiment of the present invention.

[0017] FIG. 5 is a process flow diagram of an automotive color matching method
performed by the computing device shown in FIG. 2 in accordance with a second exemplary
embodiment of the present invention.

[0018] FIG. 6 is a process flow diagram of an automotive color matching method
performed by the computing device shown in FIG. 2, which includes various required and
optional steps that may be performed as part of the overall method.

[0019] FIGS. 7, 8 and 9 are process flow diagrams of exemplary methods for receiving
one or more digital images of a vehicle.

[0020] FIG. 10 is a process flow diagram of an exemplary method for receiving
information from a color retrieval system.

[0021] FIGS. 11, 12 and 13 are process flow diagrams of exemplary methods for
receiving a vehicle identification number (VIN).

[0022] FIGS. 14 and 15 are process flow diagrams of exemplary methods for
determining VIN information based on the VIN.

[0023] FIGS. 16, 17 and 18 are process flow diagrams of exemplary methods for using a
digital image analysis technique to determine the basic color of a vehicle contained within one or

more digital images.
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[0024] FIGS. 19 and 20 are process flow diagrams of exemplary methods for
determining vehicle information for a vehicle.

[0025] FIG. 21 is a process flow diagram of an exemplary method for receiving
information manually entered by a user.

[0026] FIGS. 22 and 23 are process flow diagrams of exemplary methods for
determining color information for a vehicle.

[0027] FIGS. 24, 25 and 26 are process flow diagrams of exemplary methods for
presenting color results and receiving a final color selection.

[0028] FIGS. 27, 28 and 29 are process flow diagrams of exemplary methods for
processing the final color selection.

[0029] FIGS. 30-36 are process flow diagrams of exemplary automotive color matching
methods performed by the computing device shown in FIG. 2, which utilize various

combinations of the required and optional steps shown in FIG. 6.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0030] The present invention is directed to an automotive color matching system and
method that may be implemented on a smartphone or other computing device to enable selection
of an aftermarket paint color that matches the color of the vehicle's original paint finish. While
the invention will be described in detail below with reference to various exemplary
embodiments, it should be understood that the invention is not limited to the specific
configuration or methodologies of any of these embodiments. In addition, although the
exemplary embodiments are described as embodying several different inventive features, those
skilled in the art will appreciate that any one of these features could be implemented without the

others in accordance with the invention.
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[0031] L. Color Matching System

[0032] Referring to FIG. 2, an automotive color matching system in accordance with an
exemplary embodiment of the present invention is shown as reference numeral 200. In general,
system 200 includes a plurality of network elements each of which has a network connection to a
communications network 216. In this embodiment, the network elements include a computing
device 202, a server system 204 that enables access to a vehicle information database 206, a
server system 208 that enables access to a color information database 210, a color retrieval
system 212 (which may be a conventional color retrieval system, as discussed above), and a
paint dispenser or scale 214. Of course, in other embodiments, the system may not include all of
the network elements shown in FIG. 2, or may include additional network elements.

[0033] In an exemplary embodiment, computing device 202 comprises a smartphone
(such as those running on the i0OS® and Android® operating systems, and others as well known
to those skilled in the art) that executes a color matching application in accordance with the
present invention. Computing device 202 may also comprise a personal computer, a laptop
computer, a personal digital assistant, a personal computing tablet (such as those made by
Apple® and Samsung®, and others as well known to those skilled in the art), a smart watch or
other wearable device, smart glasses (e.g., Google, Ubimax, or a VR head set), and any other
electronic computing device that is capable of communication (wireless or wired) with the other
network elements via communications network 216. In general, computing device 202 is
utilized by each user of system 200 (e.g.,users at different auto body shops, etc.) and,
accordingly, system 200 may include hundreds or even thousands of computing devices 202,
[0034] Referring still to FIG. 2, vehicle information database 206 is maintained by a

server system 204 that may employ any number of servers, including web servers, file servers,
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application servers, and database servers, which are either co-located or geographically
dispersed. In an exemplary embodiment, vehicle information database 206 contains a plurality
of vehicle images each of which is associated with vehicle information, such as the make, model
and/or model year of the vehicle.

[0035] Server system 204 is operable to receive a digital image of a vehicle from
computing device 202, retrieve the vehicle information associated with the vehicle image from
vehicle information database 206, and transmit the retrieved vehicle information back to
computing device 202. Server system 204 may exchange data with computing device 202 via
any communication means known to those skilled in the art, including a Web service or an
Application Programming Interface (API). For example, in some embodiments, vehicle
information database 206 is accessible through an API deployed on server system 204, such as
the Automotive Recognition API available from Blippar.com Ltd. of London, Great Britain and
the Vehicle Recognition API available from Sighthound, Inc. of Winter Park, Florida. Of
course, other vehicle information databases may also be used in accordance with the present
invention. Further, the vehicle information database may be created with the vehicle images and
associated wvehicle information obtained through use of the present invention, e.g., each
computing device 202 may transmit the vehicle image(s) and associated vehicle information to a
central server for collection of the information in a database.

[0036] Color information database 210 is also maintained by a server system 208 that
may employ any number of servers, including web servers, file servers, application servers, and
database servers, which are either co-located or geographically dispersed. In an exemplary
embodiment, color information database 210 contains vehicle information (e.g., the make, model

and/or model year of a vehicle) for a plurality of different vehicle types, wherein the vehicle

CA 03145871 2022- 1-26



WO 2021/025884 PCT/US2020/043673

information for each vehicle type is associated with color information. The color information
associated with each vehicle type includes information for one or more colors or variants of
colors associated with the vehicle type, i.e., the color options for that particular vehicle type.
[0037] In the exemplary embodiment, color information database 210 stores the
following information for each color option: the color (e.g., red, black, etc.) and color values
defined by any colorimetric system known to those skilled in the art (e.g., the CIE Standard
Colorimetric System, the RGB Color Specification System, the HunterLab color system, etc.); an
indication of whether the color is solid or has any color effect (e.g., metallic, pearlescent,
Xirallic®, etc.) and the texture parameters for any color effect (e.g., graininess, coarseness,
sparkle, etc.); and the color formula and any alternate color formulas available for the color and
color effect. As used herein, the term "color formula" means the information needed to
determine the constituents and mixing ratios required to ensure that a particular paint has a
desired color and color effect, i.e., it is not the paint formulation itself. Of course, in other
embodiments, other types of color information or any other combination of the foregoing
information may be used in accordance with the present invention.

[0038] Server system 208 is operable to receive vehicle information from computing
device 202, retrieve the color information associated with the vehicle information from color
information database 210, and transmit the retrieved color information back to computing device
202. Server system 208 may exchange data with computing device 202 via any communication
means known to those skilled in the art, including a Web service or an Application Programming
Interface (API). An exemplary color information database 210 is the database utilized in the
FormulaExpress® 2.0 Color Retrieval System available from The Sherwin-Williams Company.

Of course, other color information databases may also be used in accordance with the present

10
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invention. For example, many automotive paint manufacturers who supply paint to the
automotive refinish market have developed and provide databases that associate color
information with vehicle information as described herein.

[0039] Server systems 204 and 208 are shown in FIG. 2 as two different systems,
i.e, server system 204 maintains vehicle information database 206 and server system 208
maintains color information database 210. In other embodiments, vehicle information database
206 and color information database 210 may be maintained within the same server system. In
yet other embodiments, vehicle information database 206 and/or color information database 210
may reside on computing device 202 itself, in which case server system 204 and/or server system
208 would not be required.

[0040] Color retrieval system 212 comprises a conventional color retrieval system that
enables the manual entry of vehicle and color information, as discussed above. An example of
color retrieval system 212 is the FormulaExpress® 2.0 Color Retrieval System available from
The Sherwin-Williams Company. Of course, the color retrieval systems of other automotive
paint suppliers may also be used. As described in greater detail below, computing device 202
may optionally receive certain types of information from color retrieval system 212 in some
embodiments of the present invention.

[0041] Paint dispenser or scale 214 comprises any automotive paint dispenser or scale
known to those skilled in the art. Examples of paint dispenser or scale 214 are the BBA212,
BBA242, BBA242 Form, BBA242 WLAN, and BBA242 Paint scales available from Mettler
Toledo of Columbus, Ohio, and the PMAS000, PMA Evolution, and PMA Vision scales

available from Sartorius of Gotingen, Germany.
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[0042] Communications network 216 may comprise any network capable of facilitating
the exchange of data among the network elements of system 200, such as those that operate
according to the IEEE 802.3 protocol (e.g., Ethernet), the IEEE 802.15 protocol (e.g., Bluetooth),
and/or the TEEE 80211 protocol (eg., Wi-Fi). For example, in some embodiments,
communications network 216 comprises a personal area network (PAN) or wireless PAN
(WPAN), a local area network (LAN) or wireless LAN (WLAN), and/or a wide area network
(WAN) or wireless WAN (WWAN), which is connectable to other communications networks
and/or portions of the Internet or an intranet. The communications infrastructure may comprise
any medium that allows data to be physically transferred through serial or parallel
communication channels (e.g., wireless communication channel, cellular communications,
optical fiber, copper wire, etc.).

[0043] FIG. 3 illustrates an exemplary embodiment of a smartphone that may be used as
computing device 202 shown in FIG. 2. The smartphone includes one or mere processors 300, a
memory device 302, an electronic visual display 304, one or more other input/output (I/O)
devices 306, and a wireless communications subsystem that includes one or more of a Global
Positioning System (GPS) receiver 308, a cellular transceiver 310, a Wi-Fi transceiver 312, and a
Bluetooth transceiver 314. The foregoing components are communicatively and/or electrically
coupled to each other as shown in FIG. 3.

[0044] The one or more processors 300 are in data communication with memory device
302, which is configured to store processor-executable instructions comprising an operating
system and an application that, when executed by a processor, cause the processor to perform a
plurality of operations that enable selection of an automotive paint color that maiches the

vehicle's original paint finish. These methods will be described in greater detail below in

12
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connection with the process flow charts of FIGS. 4-36. Memory device 302 may also store data
obtained through execution of the application, such as one or more vehicle images, color
selections, etc., as described below. Of course, in other embodiments, processor 300 may store
information on other memory devices (e.g., a remote file server) that are accessed through the
communication subsystem described below

[0045] Electronic visual display 304 is configured to present images, text, video, and the
like to a viewer (e.g., a user of system 200). Exemplary electronic visual displays include, but
are not limited to, screens, display devices, touchscreen display devices, and the like. Of course,
in other embodiments, processor 300 may present information on other displays (e.g., the display
of a different smartphone, the display of a personal computing tablet, or a television display) that
are accessed through the communication subsystem described below. The other I/O devices 306
include, but are not limited to, one or more of a camera, a microphone, a speaker, a universal
serial bus (USB) interface, an on/off switch, a subscriber identity module (SIM) interface, and
the like,

[0046] The communication subsystem (i.e., GPS receiver 308, cellular transceiver 310,
Wi-Fi transceiver 312, and/or Bluetooth transceiver 314) is configured to enable computing
device 202 to communicate with other network elements, as described more fully herein. In the
exemplary embodiment, the communication subsystem is configured to receive and transmit data
in accordance with one or more communications protocols, such as those that operate according
to the IEEE 802.15 protocol (e.g., Bluetooth), the IEEE 802.11 protocol (e.g., Wi-Fi), the Global
System for Mobile Communications (GSM) standard, the Universal Mobile Telecommunications
System (UMTS) standard, Code Division Multiple Access (CDMA) standards, and the like

and/or combinations thereof,
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[0047] II. Color Matching Methods

[0048] As discussed above, computing device 202 shown in FIG. 2 executes a color
matching application that causes computing device 202 to communicate with other network
elements via communication network 216 and obtain the information required to automatically
or semi-automatically select an automotive paint color that matches the vehicle's original paint
finish. Various examples of the color matching methods embodied in the color matching
application executed by computing device 202 will now be described with reference to the
components of the smartphone shown in FIG. 3. Of course, it should be understood that these
methods could be performed by other types of computing devices, as described above.

[0049] Referring to FIG. 4, an automotive color matching method performed by
computing device 202 in accordance with a first exemplary embodiment of the present invention
is described with reference to steps 400-408.

[0050] In step 400, processor 300 receives one or more digital images of a vehicle that
have been captured by a camera in communication with processor 300. Each vehicle image may
be captured in real-time for use with the color matching method, or may be previously captured
and stored in memory device 302 or other memory as described above. In some embodiments,
the camera used to capture each vehicle image is incorporated within computing device 202
itself, e.g., in cases where computing device 202 comprises a smartphone or personal computing
tablet with an integrated camera. For example, the smartphone shown in FIG. 3 includes a
camera as one of I/O devices 300, which is used to capture each vehicle image. In other
embodiments, the camera is provided as a separate component connected to computing device
202 through either a wired or wireless communication channel. For example, an external camera

may be connected to a personal computer or laptop computer. As another example, the camera
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may comprise a web cam located within a body shop that captures a vehicle image and transmits
the vehicle image to computing device 202 through one or more intermediate devices. For
example, a camera or video camera may be mounted in a suitable location, such as the entrance
of the body shop, and used to automatically take images of a vehicle without human interaction.
In yet another example, the camera used to capture the vehicle image may be incorporated in
other hardware, e.g., a camera of a spectrophotometer that is typically used for positioning
purposes. Of course, any other type of camera known to those skilled in the art may be used in
accordance with the present invention.

[0051] In step 402, processor 300 uses the vehicle image to determine information
relating to the wvehicle, e g., the make, model, and/or model year of the vehicle. In some
embodiments, processor 300 transmits the vehicle image to server system 204, in which case
server system 204 accesses vehicle information database 206 to retrieve the vehicle information
associated with the vehicle image and transmits the vehicle information back to processor 300.
[0052] In step 404, processor 300 uses the vehicle information to determine information
relating to the available colors for that vehicle type. In some embodiments, processor 300
transmits the vehicle information to server system 208, in which case server system 208 accesses
color information database 210 to retrieve the color information associated with the vehicle
information and transmits the color information back to processor 300.

[0053] In step 406, processor 300 presents color results on an electronic visual display,
e.g_, electronic visual display 304 of the smartphone shown in FIG. 3 or any other display as
described above. In some embodiments, the color results presented to the user comprise all of
the color information obtained from color information database 210, including the color and

color effect and all of the different aftermarket paint color formulas created for that vehicle type.
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In other embodiments, the color results presented to the user comprise only a portion of the color
information obtained from color information database 210, such as the color and color effect (but
not the color formulas) or the color formulas (but not the color and color effect). Finally, in step
408, processor 300 receives a final color selection from the color results presented to the user.
The color formula for the selected final color may be transmitted to a paint dispenser or scale for
application of paint to the vehicle.

[0054] Referring to FIG. 5, an automotive color matching method performed by
computing device 202 in accordance with a second exemplary embodiment of the present
invention is described with reference to steps 500-510.

[0055] In step 500, processor 300 receives one or more images of a vehicle that have
been captured by a camera in communication with processor 300, as described above in
connection with the first exemplary embodiment. In step 502, processor 300 uses the vehicle
image to determine the basic color of the vehicle. In some embodiments, processor 300 uses a
digital image analysis technique to identify the vehicle in the image and determine the basic
color (e.g., red, blue, black, etc.) of the vehicle, as described in U.S. Patent No. 6,768,814, In
other embodiments, processor 300 transmits the vehicle image to another network device to
determine the basic color of the vehicle using a suitable digital image analysis technique.

[0056] In step 504, processor 300 uses the vehicle image to determine information
relating to the vehicle, e.g., the make, model, and/or model vear of the vehicle, as discussed
above in connection with the first exemplary embodiment. In step 500, processor 300 uses the
vehicle information and the basic color information to determine the color information, In order
to perform this step, processor 300 uses the vehicle information to determine the available colors

for that vehicle type, i.e., the color information retrieved from color information database 210, as
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discussed above in connection with the first exemplary embodiment. Then, processor 300 uses
the basic color information to filter the color information retrieved from color information
database 210. For example, if the basic color is determined to be blue, processor 300 will
identify the colors in the color information retrieved from color information database 210 that are
the most similar to blue and exclude the other colors. It can be appreciated that this method of
determining the color information will generally provide a shorter list of possible colors than that
of the first exemplary embodiment.

[0057] In step 508, processor 300 presents color results on an electronic visual display,
e.g , electronic visual display 304 of the smartphone shown in FIG. 3 or any other display as
describe above. In some embodiments, the color results presented to the user comprise all of the
color information for the filtered list of colors determined in step 506, including the color and
color effect and all of the different aftermarket paint color formulas created for the colors in the
filtered list. In other embodiments, the color results presented to the user comprise only a
portion of the color information for the filtered list of colors determined in step 506, such as the
color and color effect (but not the color formulas) or the color formulas (but not the color and
color effect). Finally, in step 510, processor 300 receives a final color selection from the color
results presented to the user. The color formula for the selected final color may be transmitted to
a paint dispenser or scale for application of paint to the vehicle.

[0058] Referring to FIG. 6, another exemplary embodiment of an automotive color
matching method performed by computing device 202, which includes various required and
optional steps that may be performed as part of the overall method, is described with reference to

steps 600-624,
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[0059] In step 600, processor 300 optionally determines the region associated with
computing device 202, In some embodiments, processor 300 receives GPS information from a
GPS receiver, and then uses the GPS information to ascertain the region. For example, the
smartphone shown in FIG. 3 includes a GPS receiver 308 operable to receive GPS information,
and processor 300 uses the received GPS information to ascertain the region. In other
embodiments, processor 300 determines the region associated with computing device 202 based
on the regional settings of the smartphone (time-zone, language, country, etc.). It will be seen
that the region associated with computing device 202 may be used to determine the color
information associated with a vehicle, as described in detail below.

[0060] In step 602, processor 300 receives one or more digital images of a vehicle that
have been captured by a camera in communication with processor 300. The camera used to
capture each vehicle image is described above in connection with the first exemplary
embodiment. FIGS. 7, 8 and 9 show three exemplary methods that may be performed by
processor 300 to receive the vehicle image(s).

[0061] With reference to the exemplary method shown in FIG. 7, in step 700, processor
300 receives a digital image of a vehicle that has been captured by the camera. In step 702,
processor 300 optionally stores the vehicle image in memory (e.g., memory device 302 shown in
FIG. 3 or other memory as described above). In step 704, processor 300 determines if there is
another vehicle image and, if so, the process returns to step 700. Otherwise, the process ends.
[0062] With reference to the exemplary method shown in FIG. §, in step 800, a user
places a color reference template on the vehicle (note that this step is manually performed by a
user). The color reference template may comprise a white tile, a mosaic tile, a digital color card,

or any other calibration tile or card known to those skilled in the art, such as those described in
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U.S. Patent No. 6,768,814, Examples of color reference templates that may be used with the
present invention include the calibration tiles and digital color cards available from X-Rite, Inc.
of Grand Rapids, Michigan, the digital color cards available from Akzo Nobel N.V. of
Amsterdam, Netherlands, and the digital color cards available from Techkon USA of Danvers
Massachusetts.

[0063] In step 802, processor 300 receives a digital image that has been captured by the
camera, wherein the image contains both the vehicle and the color reference template. It will be
seen that the color reference template may be used to determine the basic color of the vehicle, as
described in detail below. In step 804, processor 300 optionally stores the vehicle image in
memory (e.g., memory device 302 shown in FIG. 3 or other memory as described above). In
step 806, processor 300 determines if there is another vehicle image and, if so, the process
returns to step 802. Otherwise, the process ends.

[0064] With reference to the exemplary method shown in FIG. 9, in step 900, processor
300 receives a digital image of a vehicle that has been captured by the camera. In step 902,
processor 300 validates the quality of the image. For example, processor 300 may analyze the
image to ensure that the entire vehicle or at least the relevant portion of the vehicle is contained
in the image, to ensure that the image was taken at a suitable distance from the vehicle, and/or to
ensure that the image is not blurry or too dark. In step 904, processor 300 determines if the
quality of the vehicle image has been validated and, if not, the process retums to step 900 for
receipt of another vehicle image. If the image quality is validated, processor 300 optionally
stores the vehicle image in memory (e.g., memory device 302 shown in FIG. 3 or other memory
as described above) in step 906. In step 908, processor 300 determines if there is another vehicle

image and, if so, the process returns to step 900. Otherwise, in step 910, processor 300
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determines whether the overall quality of the vehicle image(s) is acceptable (e.g., if the
algorithms did not weed out one or more low quality images and/or if the vehicle information
retrieved from vehicle information database 206 is inconclusive such that additional vehicle
images are desired). In some embodiments, processor 300 presents the vehicle image(s) on
electronic visual display 304 and requests user input on the overall quality of the image(s). In
step 912, processor 300 determines whether the image quality is acceptable and, if not, the
process returns to step 200. Otherwise, the process ends.

[0065] Referring back to FIG. 6, in step 604, processor 300 optionally receives
information from a color retrieval system (i.e., CRS information), such as color retrieval system
212 shown in FIG. 2, in order to use any information that is already available that may add value
in color retrieval. FIG. 10 shows an exemplary method that may be performed by processor 300
to receive the CRS information. In step 1000, processor 1000 establishes a connection with
color retrieval system 212. In step 1002, processor 300 retrieves CRS information from color
retrieval system 212, wherein the CRS information may include all or any portion of the
information that is manually entered by a user into color retrieval system 212, Examples of CRS
information include, for example, the vehicle identification number (VIN) for the vehicle, one or
more digital images of the vehicle that have been obtain for insurance purposes, vehicle
information (e.g., the make, model, and or model year of the vehicle), and/or color information
{e.g., the color and/or color effect of the vehicle). In step 1004, processor 300 optionally stores
the CIS information in memory (e.g., memory device 302 shown in FIG. 3 or other memory as

described above).
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[0066] Referring back to FIG. 6, in step 606, processor 300 optionally receives the
vehicle identification number (VIN) for the vehicle, FIGS. 11, 12 and 13 show three exemplary
methods that may be performed by processor 300 to receive the VIN.

[0067] With reference to the exemplary method shown in FIG. 11, in step 1100,
processor 300 receives a digital image of the VIN that has been captured by a camera in
communication with processor 300. The camera used to capture the VIN image may be the same
as the camera used to obtain each vehicle image, e.g., the camera of a smartphone or personal
computing tablet. In step 1102, processor 300 applies an optical character recognition (OCR)
algorithm to the VIN image in order to determine the VIN. In step 1104, processor 300
optionally stores the VIN in memory (e.g., memory device 302 shown in FIG. 3 or other memory
as described above).

[0068] With reference to the exemplary method shown in FIG. 12, in step 1200,
processor 300 receives a VIN barcode that has been captured by a camera in communication
with processor 300. The camera used to capture the VIN barcode may be the same as the camera
used to obtain each vehicle image, e.g., the camera of a smartphone or personal computing tablet.
In step 1202, processor 300 decodes the VIN barcode in order to determine the VIN. In step
1204, processor 300 optionally stores the VIN in memory (e.g., memory device 302 shown in
FIG. 3 or other memory as described above).

[0069] With reference to the exemplary method shown in FIG. 13, in step 1300,
processor 300 receives a VIN that has been manually entered by a user. In some embodiments,
processor 300 presents a request for entry of the VIN on electronic visual display 304 and
receives the manually entered VIN. In step 1302, processor 300 optionally stores the VIN in

memory (e.g., memory device 302 shown in FIG. 3 or other memory as described above).
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[0070] Referring back to FIG. 6, in step 608, processor 300 optionally determines
information relating to the received VIN. FIGS. 14 and 15 show two exemplary methods that
may be performed by processor 300 to determine the VIN information.

[0071] With reference to the exemplary method shown in FIG. 14, in step 1400,
processor 300 accesses a VIN information database to retrieve the VIN information associated
with the VIN. The VIN information database stores a plurality of VINs in association with VIN
information, wherein the VIN information for each VIN comprises vehicle information (e.g., the
make, model, and/or model year of the vehicle) and/or color information (e.g., the color and
color effect and/or the aftermarket paint color formula for the vehicle). In step 1402, processor
300 retrieves the VIN information associated with the VIN from the VIN information database.
In step 1404, processor 300 optionally stores the VIN information in memory {(e.g., memory
device 302 shown in FIG. 3 or other memory as described above).

[0072] In some embodiments, the VIN information database is maintained by a server
system that is one of the network elements of system 200 (not shown in FIG. 2). The server
system is operable to receive the VIN from computing device 202, retrieve the VIN information
associated with the VIN from the VIN information database, and transmit the retrieved VIN
information back to computing device 202. An exemplary VIN information database is
described in European Patent Publication No. EP1139234. Of course, other VIN information
databases may also be used in accordance with the present invention.

[0073] With reference to the exemplary method shown in FIG. 15, in step 1500,
processor 300 submits the VIN to a VIN decoder. As known to those skilled in the art, a VIN
decoder receives a 17-digit VIN and returns the vehicle manufacturer, brand, make and model,

body style, engine size, assembly plant, and model year of the vehicle, The information is
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provided by the National Highway Traffic Safety Administration (NHTSA) from the data
submitted by the manufacturers to NHTSA. In step 1502, processor 300 retrieves the VIN
information associated with the VIN from the VIN decoder and, in step 1504, processor 300
optionally stores the VIN information in memory (e.g., memory device 302 shown in FIG. 3 or
other memory as described above).

[0074] Referring back to FIG. 6, in step 610, processor 300 optionally uses the digital
image(s) of the vehicle to determine the basic color of the vehicle. FIGS. 16, 17 and 18 show
three exemplary methods that may be performed by processor 300 to determine the basic color of
the vehicle.

[0075] With reference to the exemplary method shown in FIG. 16, in step 1600,
processor 300 reads the vehicle image into a processing routine. In step 1602, processor 300
identifies the vehicle in the image and, in step 1604, processor 300 determines the RGB values
for the vehicle portion of the image. The RGB values include a red, green, and blue intensity
value on a scale of 0 to 255 (or in hexadecimal from 00 o FF), as known to those skilled in the
art. The determination of RGB values from an image is described, for example, in U.S. Patent
No. 6,768,814, In step 1606, processor 300 optionally assesses the color inhomogeneity by
analyzing the variation of the RGB values within the image to determine whether the color is a
solid color or a color effect (e g., metallic, pearlescent, Xirallic®, etc.). In some embodiments,
processor 300 may also be able to determine the texture parameters of the vehicle finish
(e.g., graininess, coarseness, sparkle, etc.). Of course, the ability to identify the texture
parameters will depend on the quality of the camera used to obtain the vehicle image. Even in
cases where the texture parameters cannot be exactly determined, this process may be used to

filter the colors. For example, if coarseness has a range of 0 to 6 (0 being a solid), and if you
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determine a coarseness of 2 with an accuracy of =1, then all color formulas with a coarseness
less than 1 and more than 3 can be omitted from the search results.

[0076] In step 1608, processor 300 converts the RGB values determined in step 1604 to
L*a*b* color values. The L.*a*b* color values are based on the CIELAB color space defined by
the International Commission on Illumination (CIE), which expresses color as three values: L*
for the lightness from black (0) to white (100), a* from green (-) to red (+), and b* from blue (-)
to yellow (+), as known to those skilled in the art. Of course, as discussed above, other
colorimetric systems may also be used in accordance with the present invention.

[0077] In step 1610, processor 300 determines if there is another vehicle image and, if so,
the process returns to step 1600. Otherwise, in step 1612, processor 300 processes the color
effect and texture patameters obtained in step 1606 for each of the vehicle images (which are
optional) and the L*a*b* color values calculated in step 1608 for each of the vehicle images in
order to determine an average for each of these values. Any outlier values may be ignored when
calculating the average values. Processor 300 then optionally stores this information in memory
(e.g., memory device 302 shown in FIG. 3 or other memory as described above).

[0078] With reference to the exemplary method shown in FIG. 17, in step 1700,
processor 300 presents a vehicle image on electronic visual display 304 and requests user input
on the location of the vehicle in the image. In step 1702, processor 300 receives the user
selection of the vehicle location in the image (or the relevant portion of the vehicle or simply a
region in the image that is representative of the vehicle color) and, in step 1704, processor 300
determines the RGB values for the vehicle portion of the image, as discussed above. In step
1706, processor 300 converts the RGB values to L*a*b* color values, as discussed above. In

step 1708, processor 300 determines if there is another vehicle image and, if so, the process

24

CA 03145871 2022- 1-26



WO 2021/025884 PCT/US2020/043673

returns to step 1700, Otherwise, in step 1710, processor 300 processes the L¥*a*b* color values
calculated in step 1706 for each of the vehicle images in order to determine an average for these
values. Any outlier values may be ignored when calculating the average values. Processor 300
then optionally stores this information in memory (e.g., memory device 302 shown in FIG. 3 or
other memory as described above).

[0079] With reference to the exemplary method shown in FIG. 18, in step 1800,
processor 300 reads the vehicle image into a processing routine. In step 1802, processor 300
identifies a color reference template in the image (e.g., the color reference template discussed
above in connection with FIG. 8) and, in step 1804, processor 300 uses the color reference
template to calibrate the system and thereby obtain a more accurate color of the vehicle in the
image. An example of a suitable calibration technique is described in U.S. Patent No. 6,768,814.
[0080] In step 1806, processor 300 identifies the vehicle in the image and, in step 1808,
processor 300 determines the RGB values for the vehicle portion of the image, as discussed
above. In step 1810, processor 300 converts the RGB values to L*a*b* color values, as
discussed above. In step 1812, processor 300 determines if there is another vehicle image and, if
so, the process retums to step 1800. Otherwise, in step 1814, processor 300 processes the
L*a*b* color values calculated in step 1810 for each of the vehicle images in order to determine
an average for these values. Any outlier values may be ignored when calculating the average
values. Processor 300 then optionally stores this information in memory (e.g., memory device
302 shown in FIG. 3 or other memory as described above).

[0081] Referring back to FIG. 6, in step 612, processor 300 uses the image of the vehicle

to determine information relating to the vehicle, e.g., the make, model, and/or model year of the
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vehicle. FIGS. 19 and 20 show two exemplary methods that may be performed by processor 300
to determine the vehicle information.

[0082] With reference to the exemplary method shown in FIG. 19, in step 1900,
processor 300 transmits the vehicle image to server system 204, in which case server system 204
accesses vehicle information database 206 to retrieve the vehicle information (i.e., the make,
model, and/or model year of the vehicle) associated with the vehicle image and transmits the
vehicle information back to processor 300. In step 1902, processor 300 receives the vehicle
information from server system 204. In step 1904, processor 300 determines if there is another
vehicle image and, if so, the process returns to step 1900. Otherwise, in step 1906, processor 300
processes the vehicle information received in step 1902 for each of the vehicle images using
statistical or data science methods to evaluate the correctness and completeness of the
information in order to determine the final vehicle information. Processor 300 then optionally
stores this information in memory (e.g., memory device 302 shown in FIG. 3 or other memory as
described above).

[0083] With reference to the exemplary method shown in FIG. 20, in step 2000,
processor 300 submits the vehicle image to a search engine (e.g., an Internet search engine) and,
in step 2002, processor 300 receives the vehicle information (i.e., the make, model, and/or model
year of the vehicle) located by the search engine. In step 2004, processor 300 determines if there
is another vehicle image and, if so, the process returns to step 2000. Otherwise, in step 2006,
processor 300 processes the vehicle information received in step 2002 for each of the vehicle
images in order to determine if the vehicle information is useful. In some embodiments,
processor 300 presents the vehicle information on electromc visual display 304 and requests user

input on the usefulness of the information, i.e., whether the search results are a good result. For
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example, if the vehicle information indicates that the vehicle is a Volkswagen Passat when the
vehicle is some type of BMW, the user may indicate that the vehicle information is not useful.
In step 2008, processor 300 determines whether the vehicle information is useful and, if so, the
vehicle information is deemed to be the final vehicle information and optionally stored in
memory (e.g., memory device 302 shown in FIG. 3 or other memory as described above).
Otherwise, the process ends.

[0084] Referring back to FIG. 6, in step 614, processor 300 optionally receives
information that has been manually entered by a user in response to a request for user input
presented on electronic visual display 304. FIG. 21 shows an exemplary method that may be
performed by processor 300 to receive the user-entered information. In step 2100, processor 300
receives a VIN for the vehicle that has been manually entered by a user. In step 2102, processor
300 receives color information for the vehicle, i.e., a description of the color (e.g., red, blue, eic.)
and color effect (e.g., solid, metallic, pearlescent, Xirallic®, etc.), which has been manually
entered by a user. In step 2104, processor 300 determines if the entered information includes a
special effect (e.g., metallic, pearlescent, Xirallic®, etc.) and, if not, the process proceeds to step
2108. If the entered information includes a special effect, then the user determines the texture
parameters for the special effect (e.g., graininess, coarseness, sparkle, etc.). For example, the
user may use a physical coarseness selector to determine the coarseness value. In step 2106,
processor 300 receives the texture parameters that have been manually entered by the user.
Finally, in step 2108, processor receives vehicle information (e.g., the make, model, and/or
model year of the vehicle) that has been manually entered by the user,

[0085] Referring back to FIG. 6, in step 616, processor 300 uses the vehicle information

determined in step 612 and optionally one or more of the region determined in step 600, the CRS
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information received in step 604, the VIN information received in step 608, the basic color
information received in step 610, and the user-entered information received in step 614, to
determine the color information for the vehicle. It should be understood that the color
information associated with the vehicle information provides a comprehensive list of the colors
used to manufacture that particular vehicle type, and the optional information (i.e., the region,
CRS information, VIN information, basic color information, and/or user-entered information)
may be used to filter or exclude colors from the comprehensive list. FIGS. 22 and 23 show two
exemplary methods that may be performed by processor 300 to determine the color information.

[0086] With reference to the exemplary method shown in FIG. 22, in step 2200,
processor 300 uses the vehicle information determined in step 612 (i.e., the make, model, and/or
model year of the vehicle), the region determined in step 600, the CRS information received in
step 604, and the VIN information received in step 608, to determine color information for the
vehicle. Specifically, processor 300 transmits the vehicle information, the region, the CRS
information and the VIN information to server system 208, in which case server system 208
accesses color information database 210 to retrieve the color information (e.g., the color and
color effect and all of the different aftermarket paint color formulas) associated with this
information. In step 2202, processor 300 receives the color information from server system 208.

[0087] In step 2204, processor 300 determines the L*a*b* color values for each of the
colors in the color information. In step 2206, processor 300 compares the L*a*b* color values
for one of the colors with approximate L*a*b* color values, e.g., the average L*a*b* color
values for the vehicle portion of the image as determined in the processes shown in FIGS. 16, 17
and 18, In step 2208, processor 300 determines if there is another color to be analyzed and, if so,

the process returns to step 2204, If not, processor 300 selects one or more best colors based on
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the difference between the L*a*b* color values for each color and the approximate L*a*b* color
values, wherein the best color(s) will be associated with the smallest differences. In step 2212,
processor 300 optionally stores the color information for the best color(s) in memory
(e.g., memory device 302 shown in FIG. 3 or other memory as described above).

[0088] With reference to the exemplary method shown in FIG. 23, in step 2300,
processor 300 uses the vehicle information determined in step 612 (i.e., the make, model, and/or
model year of the vehicle) to determine color information for the vehicle. Specifically, processor
300 transmits the vehicle information to server system 208, in which case server system 208
accesses color information database 210 to retrieve the color information (e.g., the color and
color effect and all of the different aftermarket paint color formulas) associated with the vehicle
information. In step 2302, processor 300 receives the color information from server system 208.
In step 2304, processor 300 optionally stores the color information in memory (e.g., memory
device 302 shown in FIG. 3 or other memory as described above).

[0089] Referring back to FIG. 6, in step 618, processor 300 determines if the color
information was located. If not, the process returns to step 614, in which case processor 300
requests that the user manually enter additional information that will enable determination of the
color information. In step 620, if the color information is located, processor 300 presents color
results on an electronic visual display, e.g., electronic visual display 304 of the smartphone
shown in FIG. 3, wherein the color results comprise all or a portion of the color information
determined in step 616. Then, in step 622, processor 300 receives a selection of a final color
from the user, Of course, if processor 300 is able to determine the final color and associated

color formula without user input, then steps 620 and 622 may be eliminated. FIGS. 24, 25 and
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26 show three exemplary methods that may be performed by processor 300 to present the color
results and receive the final color selection.

[0090] With reference to the exemplary method shown in FIG. 24, in step 2400,
processor 300 presents a list of colors that includes all of the colors determined by the process
shown in FIG. 23. The information presented for each of the colors on the list may include the
color and color effect and/or the different aftermarket paint color formulas created for each color.
In step 2402, processor 300 receives a final color selection from the list of colors presented to the
user and, in step 2404, processor 300 optionally stores the final color information in memory
(e.g., memory device 302 shown in FIG. 3 or other memory as described above).

[0091] With reference to the exemplary method shown in FIG. 25, in step 2500,
processor 300 presents the best color(s) determined by the process shown in FIG. 22, The
information presented for each of the best color(s) may include the color and color effect and/or
the different aftermarket paint color formulas created for each color. In step 2502, processor 300
receives a final color selection from the best color(s) presented to the user. If only one best color
was identified by the process shown in FIG. 22, then step 2502 will comprise a confirmation of
that best color by the user. In step 2504, processor 300 optionally stores the final color
information in memory (e.g., memory device 302 shown in FIG. 3 or other memory as described
above).

[0092] With reference to the exemplary method shown in FIG. 26, in step 2600,
processor 300 sorts the colors determined by the process shown in FIG. 23 according to one or
more criteria. For example, the colors may be sorted according to the differences between a
color's L*a*b* color values and the approximate L*a*b* color values, as discussed above,

wherein the color with the smallest difference appears at the top of the list. As another example,
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the colors may be sorted based on historical information, wherein the most popular color appears
at the top of the list. As yet another example, the colors may be sorted based on statistical
information, wherein the color variant associated with a particular region based on a statistical
analysis appears at the top of the list.

[0093] In step 2602, processor 300 presents the sorted list of colors. The information
presented for each of the colors on the sorted list may include the color and color effect and/or
the different aftermarket paint color formulas created for each color. In step 2602, processor 300
receives a final color selection from the list of colors presented to the user and, in step 2604,
processor 300 optionally stores the final color information in memory (e.g., memory device 302
shown in FIG. 3 or other memory as described above).

[0094] Referring back to FIG. 6, in step 624, processor 300 processes the final color
selection in one or more ways. FIGS. 27, 28 and 29 show three exemplary methods that may be
performed by processor 300 to process the final color selection.

[0095] With reference to the exemplary method shown in FIG. 27, in step 2700,
processor 300 transmits the color information for the final color selection to color retrieval
system 212 shown in FIG. 2. The color information transmitted to color retrieval system 212
preferably includes the color and color effect and associated aftermarket paint color formula for
the final color selection, wherein this information becomes part of the record within color
retrieval system 212.

[0096] With reference to the exemplary method shown in FIG. 28, in step 2800,
processor 300 transmits the color information for the final color selection to paint dispenser or
scale 214 shown in FIG. 2, The color information transmitted to dispenser or scale 214

preferably includes the color and color effect and associated aftermarket paint color formula for
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the final color selection, wherein the paint color formula is used to create the paint for
application to the vehicle,

[0097] With reference to the exemplary method shown in FIG. 29, in step 2900,
processor 300 transmits the color information for the final color selection to paint dispenser or
scale 214 and, in step 2902, processor 300 transmits the color information for the final color
selection to color retrieval system 212. In each case, the transmitted color information preferably
includes the color and color effect and associated aftermarket paint color formula for the final
color selection. In step 2904, processor 300 also transmits the vehicle information determined in
step 612 of FIG. 6 to color retrieval system 212, In step 2906, processor 300 additionally
transmits the vehicle images(s) received in step 602 of FIG. 6 to color retrieval system 212,
Further, in step 2908, processor 300 transmits the VIN received in step 606 of FIG. 6 to color
retrieval system 212.

[0098] Referring back to FIG. 6, it should be understood that the various steps of the
overall method may be performed in any order, provided that the information required to
perform a particular step is obtained in a prior step(s). Also, various combinations of the steps
shown in FIG. 6 may be performed to provide different embodiments of the present invention.
For example, FIG. 30 is a process flow diagram of an exemplary automotive color matching
method that includes steps 602, 612, 616, 620 and 622 of FIG. 6. FIG. 31 is a process flow
diagram of an exemplary automotive color matching method that includes steps 602, 610, 612,
616, 620 and 622 of FIG. 6. FIG. 32 is a process flow diagram of an exemplary automotive
color matching method that includes steps 602, 612, 614, 616, 620 and 622 of FIG. 6. In
addition, FIG. 33 is a process flow diagram of an exemplary automotive color matching method

that includes steps 602, 612, 614, 616, 618, 620 and 622 of FIG. 6. FIG. 34 is a process flow
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diagram of an exemplary automotive color matching method that includes steps 602, 610, 612,
614, 616, 620 and 622 of FIG. 6. Further, FIG. 35 is a process flow diagram of an exemplary
automotive color matching method that includes steps 602, 612, 616, 620, 622 and 624 of FIG. 6.
[0099] FIG. 36 is a process flow diagram of another exemplary automotive color
matching method that integrates the overall method shown in FIG. 6 with a conventional color
retrieval process. In this embodiment, if the color matching process of FIG. 6 is successful, then
the color selection is sent to color retrieval system 212. However, if the color matching process
of FIG. 6 is not successful, then a manual search for the color is performed by color retrieval
system 212 in accordance with the method shown in FIG. 1.

[0100] Further, in some embodiments, the image of the vehicle or damaged portion of the
vehicle is used to determine the amount of paint required for the repair, the type of repair, and
the cost of repair, as known to those skilled in the art.

[0101] The automotive color matching system and method of the present invention offers
many advantages compared to existing technological systems. For example, the color matching
application can be implemented on hardware that is readily available to most users, such as a
smartphone or other common computing devices, and thus does not require the purchase of
expensive equipment. Also, operation of the computing device does not require a high level of
expertise {e.g., a smartphone is easier to use than a spectrophotometer), and the computing
device can be readily used within an auto body shop environment. In addition, it is common for
a user to have internet access, while the body shop itself may not be online.

[0102] Further, the computing device executes a color matching application that does not
require manual entry of much information and, thus, enables a fast and relatively error-free

process for selecting a color formula to match the color of the vehicle's original paint finish. For
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example, with reference to the overall method shown in FIG. 6, the only steps that require user
action are step 602 (capturing the vehicle image), optional step 606 (scanning the VIN or VIN
barcode), optional step 614 (manual entry of vehicle information), and step 622 (manual
selection of the final paint color). Also, it should be understood that speech recognition (2-way)
could be used in place of the manual entry of information. Thus, the color matching application
enables a user to capture an image of a damaged vehicle and, with little or no additional action
by the user, the color formula is immediately transmitted to a paint scale or dispenser for
application of paint to the vehicle. Other advantages of the present invention will be apparent to
those skilled in the art.

[0103] L.  General Information

[0104] In this disclosure, the use of any and all examples or exemplary language (e.g.,
"for example" or "as an example") is intended merely to better describe the invention and does
not pose a limitation on the scope of the invention. No language in the disclosure should be
construed as indicating any non-claimed element essential to the practice of the invention.

[0105] Also, the use of the terms "comprises," “comprising," or any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a system, device, or method
that comprises a list of elements does not include only those elements, but may include other
elements not expressly listed or inherent to such system, device, or method.

[0106] Finally, while the present invention has been described and illustrated
hereinabove with reference to various exemplary embodiments, it should be understood that

various modifications could be made to these embodiments without departing from the scope of

the invention. Therefore, the present invention i1s not to be limited to the specific network
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elements or methodologies of the exemplary embodiments, except insofar as such limitations are

included in the following claims.
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CLAIMS
What is claimed and desired to be secured by Letters Patent is as follows:
1. A non-transitory computer readable medium storing instructions that, when executed by a
processor of a computing device, cause the processor to perform a plurality of operations
comprising:
receiving at least one digital image of a vehicle captured by a camera in
communication with the processor;
determining vehicle information associated with the digital image of the vehicle;
and
determining color information associated with the vehicle information, wherein a
final paint color selected from a plurality of colors in the color information is used for
application of paint to the vehicle.
2. The non-transitory computer readable medium of claim 1, wherein the vehicle
information comprises a make and a model of the vehicle.
3, The non-transitory computer readable medium of claim 2, wherein the wvehicle
information further comprises a model year of the vehicle.
4, The non-transitory computer readable medium of claim 1, wherein the color information
comprises a color formula for each of the colors.
5. The non-transitory computer readable medium of claim 1, wherein determining the
vehicle information comprises accessing a vehicle information database to retrieve the vehicle
information associated with the digital image of the vehicle.
6. The non-transitory computer readable medium of claim 1, wherein determining the
vehicle information comprises submitting the digital image of the vehicle to a search engine and
receiving the vehicle information located by the search engine.

36

CA 03145871 2022- 1-26



WO 2021/025884 PCT/US2020/043673

7.

The non-transitory computer readable medium of claim 1, wherein determining the color

information comprises accessing a color information database to retrieve the color information

associated with the vehicle information.

8 The non-transitory computer readable medium of claim 1, wherein the operations further
comprise:
receiving global positioning system (GPS) information from a GPS receiver in
communication with the computing device; and
ascertaining a region of the vehicle from the GPS information,;
wherein determining the color information comprises accessing a color
information database to retrieve the color information associated with the wvehicle
information and the region of the vehicle.
9. The non-transitory computer readable medium of claim 1, wherein the operations further
comprise:
receiving a vehicle identification number (VIN) for the vehicle; and
determining VIN information based on the VIN;
wherein determining the color information comprises accessing a color
information database to retrieve the color information associated with the wvehicle
information and the VIN information.
10. The non-transitory computer readable medium of claim 9, wherein receiving the VIN

comprises receiving a digital image of the VIN captured by the camera and processing the digital

image of the VIN using optical character recognition to determine the VIN,

11.

The non-transitory computer readable medium of claim 9, wherein receiving the VIN

comprises scanning a VIN barcode to determine the VIN.

CA 03145871 2022- 1-26
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12, The non-transitory computer readable medium of claim 9, wherein receiving the VIN
comprises receiving the VIN as manually entered by a user.
13 The non-transitory computer readable medium of claim 9, wherein receiving the VIN
comprises receiving the VIN from a color retrieval system.
14. The non-transitory computer readable medium of claim 9, wherein determining the VIN
information comprises accessing a VIN database to retrieve the VIN information associated with
the VIN, wherein the VIN information comprises one or both of additional vehicle information
and additional color information for the vehicle.
15. The non-transitory computer readable medium of claim 9, wherein determining the VIN
information comprises (a) submitting the VIN to a VIN decoder and (b) receiving the VIN
information located by the VIN decoder, wherein the VIN information comprises additional
vehicle information for the vehicle.
16. The non-transitory computer readable medium of claim 1, wherein the operations further
comprise:
receiving one or both of additional vehicle information and additional color
information for the vehicle from a color retrieval system (CRS);
wherein determining the color information comprises accessing a color
information database to retrieve the color information associated with the vehicle
information and the CRS information.
17. The non-transitory computer readable medium of claim 1, wherein the operations further
comprise:
receiving one or both of additional vehicle information and additional color

information as manually entered by a user;
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wherein determining the color information comprises accessing a color
information database to retrieve the color information associated with the wvehicle
information and the user-entered information.
18. The non-transitory computer readable medium of claim 1, wherein the operations further
comprise:
determining color values for each of the colors in the color information;
analyzing the digital image of the vehicle to identify color values for a basic color
of the vehicle; and
selecting color results based on a difference between the color values for each of
the colors in the color information and the color values for the basic color of the vehicle.
19. The non-transitory computer readable medium of claim 18, wherein the digital image of
the vehicle includes a color reference template that is used to obtain the color values for the basic
color of the vehicle.
20, The non-transitory computer readable medium of claim 1, wherein the operations further
comprise:
presenting color results comprising all or a portion of the colors in the color
information; and
receiving a selection of the final paint color for the vehicle from the color results.
21. The non-transitory computer readable medium of claim 20, wherein the final paint color
is selected from the presented color results by a user.
22, The non-transitory computer readable medium of claim 20, wherein the operations

further compnise determining a best color from the colors in the color information, wherein the
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color results comprise the best color, and wherein the final paint color is selected wvia
confirmation of the best color by a user,

23, The non-transitory computer readable medium of claim 1, wherein the operations further
comprise transmitting a color formula for the final paint color to a dispenser or a scale.

24. The non-transitory computer readable medium of claim 1, wherein the operations further
comprise transmitting a color formula for the final paint color to a color retrieval system.

25, The non-transitory computer readable medium of claim 24, wherein the operations
further comprise transmitting one or both of the digital image of the vehicle and the vehicle
information to the color retrieval system.

26. The non-transitory computer readable medium of claim 1, wherein the computing device
comprises one of a smartphone, a personal computer, a laptop computer, a personal digital

assistant, a personal computing tablet, a smart watch, a wearable device, and smart glasses.
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A non-transitory computer readable medium storing instructions that, when executed by a

processor of a computing device, cause the processor to perform a plurality of operations

comprising:

28.

receiving at least one digital image of a vehicle captured by a camera in
communication with the processor;

determining vehicle information based on an analysis of the digital image of the
vehicle;

determining color information comprising a color formula for each of plurality of
colors associated with the vehicle information;

determining a basic color of the vehicle based on an analysis of the digital image
of the vehicle;

determining a portion of the colors in the color information that are related to the
basic color of the vehicle, wherein a final paint color selected from the portion of the
colors in the color information is used for application of paint to the vehicle.

The non-transitory computer readable medium of claim 27, wherein the vehicle

information comprises a make and a model of the vehicle.

29.

The non-transitory computer readable medium of claim 28, wherein the wvehicle

information further comprises a model year of the vehicle.

30.

The non-transitory computer readable medium of claim 27, wherein determining the

vehicle information comprises accessing a vehicle information database to retrieve the vehicle

information associated with the digital image of the vehicle,

CA 03145871 2022- 1-26
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31, The non-transitory computer readable medium of claim 27, wherein determining the
vehicle information comprises submitting the digital image of the vehicle to a search engine and
receiving the vehicle information located by the search engine.
32. The non-transitory computer readable medium of claim 27, wherein determining the
color information comprises accessing a color information database to retrieve the color
information associated with the vehicle information.
33. The non-transitory computer readable medium of claim 27, wherein the operations
further comprise:
receiving global positioning system (GPS) information from a GPS receiver in
communication with the computing device; and
ascertaining a region of the vehicle from the GPS information,
wherein determining the color information comprises accessing a color
information database to retrieve the color information associated with the wvehicle
information and the region of the vehicle.
34, The non-transitory computer readable medium of claim 27, wherein the operations
further comprise:
receiving a vehicle identification number (VIN) for the vehicle; and
determining VIN information based on the VIN,
wherein determining the color information comprises accessing a color
information database to retrieve the color information associated with the vehicle

information and the VIN information.
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35, The non-transitory computer readable medium of claim 34, wherein receiving the VIN
comprises receiving a digital image of the VIN captured by the camera and processing the image
of the VIN using optical character recognition to determine the VIN,
36. The non-transitory computer readable medium of claim 34, wherein receiving the VIN
comprises scanning a VIN barcode to determine the VIN.
37. The non-transitory computer readable medium of claim 34, wherein receiving the VIN
comprises receiving the VIN as manually entered by a user.
38 The non-transitory computer readable medium of claim 34, wherein receiving the VIN
comprises receiving the VIN from a color retrieval system.
39 The non-transitory computer readable medium of claim 34, wherein determining the VIN
information comprises accessing a VIN database to retrieve the VIN information associated with
the VIN, wherein the VIN information comprises one or both of additional vehicle information
and additional color information for the vehicle.
40, The non-transitory computer readable medium of claim 34, wherein determining the VIN
information comprises (a) submitting the VIN to a VIN decoder and (b) receiving the VIN
information located by the VIN decoder, wherein the VIN information comprises additional
vehicle information for the vehicle.
41. The non-transitory computer readable medium of claim 27, wherein the operations
further comprise:

receiving one or both of additional vehicle information and additional color

information for the vehicle from a color retrieval system (CRS);
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wherein determining the color information comprises accessing a color
information database to retrieve the color information associated with the wvehicle
information and the CRS information.
42, The non-transitory computer readable medium of claim 27, wherein the operations
further comprise:
receiving one or both of additional vehicle information and additional color
information as manually entered by a user;
wherein determining the color information comprises accessing a color
information database to retrieve the color information associated with the wvehicle
information and the user-entered information.
43. The non-transitory computer readable medium of claim 27, wherein the operations
further comprise:
determining color values for each of the colors in the color information;
applying a digital image analysis technique to the digital image of the vehicle to
identify color values for the basic color of the vehicle; and
selecting color results based on a difference between the color values for each of
the colors in the color information and the color values for the basic color of the vehicle.
44, The non-transitory computer readable medium of claim 43, wherein the digital image of
the vehicle includes a color reference template that is used to obtain the color values for the basic
color of the vehicle.
45, The non-transitory computer readable medium of claim 27, wherein the operations

further comprise:
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presenting color results comprising all of a portion of the colors in the color
information; and

receiving a selection of the final paint color for the vehicle from the color results.
46, The non-transitory computer readable medium of claim 45, wherein the final paint color
is selected from the presented color results by a user.
47. The non-transitory computer readable medium of claim 45, wherein the operations
further comprise determining a best color from the colors in the color information, wherein the
color results compnse the best color, and wherein the final paint color is selected via
confirmation of the best color by a user.
48. The non-transitory computer readable medium of claim 27, wherein the operations
further comprise transmitting the color formula for the final paint color to a dispenser or a scale.
49. The non-transitory computer readable medium of claim 27, wherein the operations
further comprise transmitting the color formula for the final paint color to a color retrieval
system.
50. The non-transitory computer readable medium of claim 49, wherein the operations
further comprise transmitting one or both of the digital image of the vehicle and the vehicle
information to the color retrieval system.
51. The non-transitory computer readable medium of claim 27, wherein the computing
device comprises one of a smartphone, a personal computer, a laptop computer, a personal
digital assistant, a personal computing tablet, a smart watch, a wearable device, and smart

glasses,
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