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VISION SYSTEM WITH COLOR SEGMENTATION FOR OPERATOR ENHANCED
VIEWING

FIELD OF THE INVENTION

[0001] The invention relates to a method for examining an article by using a vision sys-

tem. The invention further relates to such a vision system.

BACKGROUND OF THE INVENTION

[0002] In various manufacturing and production environments, colors or areas of color
might be incorporated into an article or placed on external surfaces of an article. These
colors may be present in a particular pattern, such as might be found on a label, or might
be different areas of different colors present on the article. The colors may be part of the
article, such as a label or color pattern in the article, or may be added to the article
wherein different colors may be decorative or identify various characteristics of the arti-
cle such as the type of an article, size of an article or part, material, shape or the like. In
one example, the color may be applied as a paint spot to indicate particular types and

sizes of parts.

[0003] In such instances, it may be necessary for an individual or operator to monitor the
colors or patterns of colors on the articles, such as during manufacturing or production,
to ensure manufacturing or production quality, wherein differences in colors or their
presence or absence may identify defects in the part or color pattern, improper colora-
tion, errors in a type of part, or any other characteristic of the article which may be rep-
resented by the color. For example, the color may be added to an article to indicate that
inspection of the part has occurred. Further two or more colors may be present which
may indicate different conditions such as one color to indicate a specific characteristic of
the article, such as part size, and a second color to indicate or validate that the article

has been inspected and the first color has been accurately applied.

[0004] During manufacturing or production of colors, an operator may need to continu-

ously monitor the color placement or one or more color areas on each of the articles.
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The continuous monitoring and identification of different colors might lead to eye fatigue
and difficulty in maintaining concentration by the operator. In any application where color
is important on a product or article, the operator suffering from eye fatigue or who loses

concentration may not notice that the color is the wrong color or is partially wrong.

[0005] To reduce difficulties, some manufacturing or production lines may include a vi-
sion system which optically monitors the articles and displays the articles on a monitor-
ing screen. Currently, a common offering is a vision system that displays a box or high-
lighted area around the color section found by the vision system. However, no additional
guide towards viewing the color is utilized, such that the operator may still suffer from
eye fatigue in attempting to differentiate the objects shown in color from other features,

colors or structures also present within the highlighted area.

[0006] In view of the foregoing, it is an object of the invention to overcome deficiencies

in known vision systems.

[0007] The vision system of the present invention preferably comprises integrated vi-
sioning components which may comprise an image acquisition camera for obtaining im-
ages or videos of each article at a desired location within a manufacturing or production
environment. For example, the vision system might be used to validate parts received
from a supplier but before such parts are installed in a final end product. To inspect such
articles, the camera may obtain or acquire still images of the articles at periodic inter-
vals, or even continuous video images, and may output images of the article for subse-
quent processing by the vision system. Preferably the vision system also includes a light
for illuminating the articles viewed by the camera. Preferably the vision system also in-
cludes a processor serving as an image processor such as a personal computer, a pro-
grammable logic controller (PLC) or other computerized processing device which re-
ceives digital images from the camera through an image infeed, processes the image
infeed and the data associated therewith, and feeds a processed image output and out-
put data to a display device, monitor or other operator viewable display screen. During
processing, this system preferably removes or reduces all other distracting features of
the input image besides the relevant color areas, wherein the relevant colors would be

emphasized while the remaining areas of the article are deemphasized on the operator's
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display so that eye fatigue is less of an issue to the operator.

[0008] Accordingly, the inventive parts of this vision system may incorporate image pro-
cessing software in combination with off the shelf, color machine vision hardware for

image acquisition and processing. In one preferred configuration, the vision system can
be operated with a Cognex camera or a Matrox smart camera to segment colors for au-

tomatic inspection.

[0009] The vision system is usable in multiple applications. In one example, inspection
of bottles may be required where there is a label with multiple colors with graphics. The
present invention makes it much easier to see the colors on the label when they are
segmented than it is to see the colors in a complex graphic wherein the relevant colors
have not been segregated out of the original images. As such, the inventive image en-
hancement technique preferably segregates out and displays only a color of interest for
an operator, allowing the operator to focus on the color areas of concern rather than the

whole image.

[0010] In another example, a manufacturer may place paint dots on particular parts such
as valve stems for an engine, where it is critical that the correct valve stem is inserted
into a particular engine. Due to close similarities in these articles, the only clear way of
differentiating valves from other types of valves may be a paint dot that is manually ap-
plied with a paint marker to an exposed surface of each part. Different color paint dots
may indicate different characteristics of the part such as size or material. Since the paint
dot is manually applied and a paint marker may apply a paint dot of varying quality, the
paint dots may sometimes be barely visible. The operator may be required to monitor
each part for the correct color and then reject any parts having a non-conforming color.
As another level of complexity, the parts may also be inspected by another inspector,
such as an inspector at the manufacturer or a part supplier, wherein the parts may have
a paint dot of a second color confirming that the first colored paint dot was properly ap-
plied. For example, the engine valve may be marked with a secondary green dot con-
firming that the primary paint dot of the first color such as orange or purple has been
applied. The vision system of the present invention preferably would automatically seg-

ment out the green from any of the other colors present on the part and give an operator
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an easier, lower eye fatigue, viewing of the top of the valves prior to insertion into an
engine and also make it an automatic decision to stop the production line if the wrong

color is present on such part.

[0011] The vision system also accommodates variations in the quality of paint dots for a
particular color. Preferably, the vision system incorporates an initial training step into the
process. Initially, color images of a part are captured and used to train surfaces in a giv-
en color space that correspond to expected variation in one or more colors of interest.
Then, during operation, the system will display acquired images to the operator, filtered
such that the image as a whole is in monochromatic grayscale except in locations where
the color(s) of interest are present. Alternatively, the background features of the part
other than the color areas may be blacked out completely on the display device so that

the operator is presented with the color areas only.

[0012] The vision system may be operated in different optional configurations. In one
configuration, a customer may install and operate the vision system in a non-automated
configuration. The operator would view the screen and would be presented with the pro-
cessed images showing the desired color areas emphasized on the display screen. The
operator may then use the screen to help make decisions on whether the part is ac-
ceptable and take action to remove the non-conforming part or stop the production line
until the incorrect part is removed from the production line. In an automated configura-
tion, the processor of the vision system would make a determination of whether each
area of color is acceptable or not, i.e. good or bad, and the processor and associated
software may then provide feedback to the manufacturing or production equipment to
deal with the non-conforming part. The display screen provides feedback to an operator,
such as a visual or audible indicator or both to signal the presence of a non- conforming

part.

[0013] As such, the vision system of the present invention preferably could remove all
other distracting features of the image other than the color areas, so that eye fatigue is

less of an issue for the operator.

[0014] The invention provides a method for examining an article by using a vision sys-

tem, wherein the article is marked with a color area to identify particular characteristics
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of the article. In one embodiment the article has been marked prior to using the method
described herein. In another embodiment the article is marked as part of the method
described herein. In one embodiment the article is a stem valve. A camera of the vision
system obtains images of the article, preferably at a location within a manufacturing or
production environment. A processor of the vision system receives the images from the
camera through an image infeed. In one embodiment, the processor is a computer or a
controller. The processor processes the image infeed. Preferably, the image is pro-
cessed by analyzing the image with respect to its color components how those color
components are arranged or distributed in the image. The processor feeds a processed
image output to an input on a display device which includes a display screen. The pro-
cessor displays the processed image on the screen so that it is viewable by an operator.
The processor removes or reduces all distracting features of the infeed image received
from the camera other than the color area. Thus, when processing the image, the pro-
cessor identifies the color area as an area of interest and removes or reduces the re-
maining parts of the image so as to emphasize or highlight the color area relative to the
remaining areas of the image. A particular advantage of the invention is that eye fatigue
of the operator is reduced. In particular, the operator can focus on the highlighted color

area.

[0015] In a preferred embodiment the color area is a paint dot which is repeatedly ap-
plied to several articles. In one embodiment the paint dot has been applied prior to using
the method described herein. In another embodiment the paint dot is applied as part of
the method described herein. Said paint dot is applied with varying quality, in particular
because said paint dot is applied manually. The processor is preferably configured to

identify color areas of different quality, i.e. of different size or shape or both.

[0016] In a preferred embodiment the processor segments and identifies the color area
on each article and removes or reduces all distracting features of the image from the
camera other than the color areas. Thus, the processor is configured to discriminate the
color areas against all other areas. In particular, distracting feature are all features and
areas of the image which are not necessary to identify the color area. In particular, the
processor segments the colors are by identifying its boundaries, i.e. by identifying its

extent or shape or contour or any combination of these.
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[0017] In a preferred embodiment the processor segments and emphasizes the color
area while remaining areas of the article are deemphasized on the display device.

Deemphasizing is e.g., achieved by reducing contrast or color depth.

[0018] In a preferred embodiment the processor segments out the color area and dis-
plays that color area in the appropriate color on the screen and in the shape of the color
area. Thus, the color and shape of the color area are in the image are preserved in the
processed image and in particular also on the screen. In particular, the processor repro-
duces a substantially unaltered, preferably an unaltered image of the color area, while
the remaining picture is preferably altered to highlight the color area. Preferably, the col-

or area is thus represented as an original image of the color area.

[0019] In a preferred embodiment the color area is emphasized and remaining areas of
the article, i.e. remaining areas of the image of the article, are deemphasized through a
black screen or grayscale image. In other words: the color area is cut out and kept while
the remaining areas of the image are simply replaced by black color or are converted to

a grayscale version of the image.

[0020] In a preferred embodiment the article has a primary color area and to validate
that the correct color is used in said primary color area, a secondary color area is ap-
plied to confirm that the primary color areas are present and properly applied. In one
embodiment the secondary color area has been applied prior to using the method de-
scribed herein. In another embodiment the secondary color area is applied as part of the
method described herein. After identifying the color of the primary color area, a check is
performed to verify that the color of the primary area, i.e. the primary color, is the correct
primary color for the article, i.e. correctly identifies the particular characteristic to be
identified by the color in question. In particular, a paint dot of a further color is applied to
the article as a secondary color area. Preferably, the primary color is picked from a first
set of colors and the color for the secondary color area, i.e. the secondary color, is
picked from a second set of colors, while no color of one set is part of the other, i.e. the

two color sets are disjunctive.

[0021] In a preferred embodiment the article is pre-inspected to ensure that each article

properly has a primary color area and to validate that the correct color is used in said
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primary color area. As a result of the pre-inspection the second color area is applied to
the article indicating whether the correct primary color has previously been applied. In
one embodiment, the article is pre-inspected as part of the method described above. In

another embodiment, the article is inspected separately.

[0022] In a preferred embodiment the secondary color area on different articles is locat-
ed at different locations relative to the primary color area. In particular, the secondary

color area is applied manually.

[0023] In a preferred embodiment the vision system automatically segments out and
identifies the secondary color present on the article. The processor generates two sepa-
rate processed images on the screen, wherein a first section of the screen displays the
primary color area and a second section of the screen displays the secondary color ar-
ea. Thus, the processor identifies both color areas on a single article and displays them
separately. In one embodiment, the screen is split in half, one half displaying the primary

color area, the other half displaying the secondary color area.

[0024] In a preferred embodiment the primary and secondary color areas are each dis-
played with a color area on a black screen or on a grayscale image of the article, where-
in the respective color area is emphasized and the remaining areas deemphasized
through a black screen or grayscale image. In particular, the processing and displaying
of the color area mentioned above in general is applied to both the primary color area

and the secondary color area individually.

[0025] In general, if a primary or secondary color area or both cannot be identified, the
result will be a processed image without the respective area, in particular a completely

grayscale or black image.

[0026] In a preferred embodiment the vision system differentiates shades of the color to
address inconsistencies in the application of such a color to the article. The vision sys-
tem processes the camera images and identifies each color and plots each color and
shade thereof on a color-coordinate system, in particular a three-coordinate system, e.qg.
an XYZ-system. The coordinates preferably correspond to values of a color scheme or
color-space system such as RGB. The processor 17 processes these data points and

establishes a volume of space around a desired target color that represents shades of
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that target color that are acceptable. The vision system identifies the color of the color
area and determines its coordinates in the color-coordinate system. A specific color is
then assigned a certain space or volume in the color-coordinate system. All colors inside
this space are then identified as being different shades of the same color, hence belong-
ing to the same color. The space is in particular defined by an interval for each of the
coordinates of the color-coordinate system, i.e. three intervals in case of a three-

coordinate system.

[0027] In a preferred embodiment the processor is programmed with a range of suitable
shades of the target color, which is the tolerance of the system to variations in the target
color. In other words: the color of the color area might be applied or identified within a
certain range of colors and this range of colors the processor is programmed to recog-
nize, i.e. identify all colors in said range to be a single color, i.e. the target color. Thus
the target color might be blue and a range of suitable colors might range from light blue
to dark blue or corresponding values in a color-coordinate system. Then the processor

will identify all colors from light blue to dark blue as blue, hence as target color.

[0028] In a preferred embodiment the processor enhances a color shade that is within
the range of suitable shades, so that it is modified and displayed in the target color.
Thus, the processor does not merely recognize a color to be inside the range of suitable
shades of a target color but also alters its representation on the screen to be exactly that
target color. In above mentioned example then, light blue being identified as a shade of
the target color blue is not shown as light blue on the screen but as blue. This further
simplifies analysis by the operator, since he or she does no longer need to identify vari-

ous shades. This is now done by the processor.

[0029] In a preferred embodiment the vision system is initially calibrated for the primary
color that is considered to be conforming. The vision system is calibrated in particular to
a secondary color that is considered to be conforming. An image of a master part is ac-
quired by the camera so that the processor determines the data for the target color or
colors in particular as plotted in the color-coordinate system, i.e. on a 3D graph. The
processor stores the data associated with such plots for future processing of acquired

images of actual articles. In effect, all color areas are then compared to the color area or
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areas of the master article. Various master articles with different colors for a color area
are used in one embodiment to calibrate for similar articles being marked with different
color areas to identify particular characteristics. Alternatively or in addition various mas-
ter articles are used in one embodiment, to determine size and shape of a space of a

specific color in the color-coordinate system.

[0030] In a preferred embodiment the images are acquired in an image acquisition zone
and the vision system includes a light which directs light to the image acquisition zone
for illuminating each article being viewed by the camera. This advantageously provides
uniform light conditions to the image acquisition zone. In one embodiment the light is an
LED.

[0031] In a preferred embodiment the vision system, in particular display screen, pro-
vides feedback, in particular to the operator, and signals the presence of a

non-conforming article by means of a visual or audible indicator or both.

[0032] In a preferred embodiment an automated configuration is provided. Above re-
marks concerning a system and method apply to an automated configuration according-
ly. The article is marked with a color area to identify particular characteristics of the arti-
cle. A camera of the vision system obtains images of the article, preferably at a location
within a manufacturing or production environment. A processor of the vision system re-
ceives the images from the camera through an image infeed. The processor processes
the image infeed. The processor of the vision system makes a determination of whether
each area of color is acceptable or not by comparing the acquired images and color are-
as with target colors that have been calibrated earlier. The processor provides feedback
to a manufacturing or production equipment to deal with a non-conforming article. Such
manufacturing or production equipment is e.g. a handling system or robot arm which
removes the non-conforming article from the manufacturing or production line. A screen
as described above is present in one embodiment to allow an operator to follow the au-

tomated examination process.

[0033] A preferred vision system is used within a method as explained above. The vision
system comprises a processor and a camera for obtaining images of an article, prefera-

bly at a location within a manufacturing or production environment. The article is
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marked, i.e. has been marked already or is marked as part of the method, with a color
area to identify particular characteristics of the article. Said processor is configured to
receive the images from the camera through an image infeed, to process the image in-
feed, to feed a processed image output to an input on a display device which includes a
display screen, to display the processed image on the screen so that it is viewable by an
operator and to remove or reduce all distracting features of the infeed image received

from the camera other than the color area, for reducing eye fatigue of the operator.

[0034] Another preferred vision system is for use within a method in an automated con-
figuration as mentioned above. The vision system comprises a processor and a camera
for obtaining images of an article, preferably at a location within a manufacturing or pro-
duction environment. The article is marked with a color area to identify particular charac-
teristics of the article. Said processor is configured to receive the images from the cam-
era through an image infeed, to process the image infeed, to make a determination of
whether each area of color is acceptable or not by comparing the acquired images and
color areas with target colors that have been calibrated earlier, to provide feedback to a

manufacturing or production equipment to deal with a non-conforming article.

[0035] The statements made above with respect to a specific method or a specific vision
system correspondingly apply to all other methods and visions systems also described
herein. Specifically, any feature mentioned with respect to a method or a vision system

can be combined with other methods and vision systems described herein.

[0036] Other objects and purposes of the invention, and variations thereof, will be ap-
parent upon reading the following specification and inspecting the accompanying draw-

ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037] Figure 1 is a diagrammatic view of the vision system of the present invention.
[0038] Figure 2 shows one example of parts and applied color areas.
[0039] Figure 3 shows a second example of parts and applied color areas.

[0040] Certain terminology will be used in the following description for convenience and

10
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reference only, and will not be limiting. For example, the words "upwardly", "downward-
ly", "rightwardly " and "leftwardly" will refer to directions in the drawings to which refer-
ence is made. The words "inwardly" and "outwardly" will refer to directions toward and
away from, respectively, the geometric center of the arrangement and designated parts
thereof. Said terminology will include the words specifically mentioned, derivatives

thereof, and words of similar import.

DETAILED DESCRIPTION

[0041] Referring to Figure 1, the invention relates to a vision system 10 preferably com-
prising integrated visioning components which may comprise an image acquisition cam-
era 12 for obtaining images or videos of each article 14 at any selected location within a
manufacturing or production environment 15. The camera 12 may obtain or acquire still
or video images of the articles 14 as they move through the manufacturing or production
environment 15. For purposes of illustration, multiple articles 14 might move along a
supply path 16 such as a conveyor belt which feeds the articles 14 to another area, such
as an assembly, packaging or shipping area. Alternatively, the articles 14 might be fed
one at a time to the area of the camera 12 wherein the invention is not limited to a par-

ticular method of supplying the articles 14 to the camera 12.

[0042] The vision system 10 also includes a processor 17 serving as an image proces-
sor such as a personal computer, a programmable logic controller (PLC) or other com-
puterized processing device. The camera 12 has a lens or other image acquisition com-
ponent which detects colors on the article 14 so as to monitor an image acquisition area
18 which is diagrammatically shown in Figure 1. When the article 14 is present within the
image acquisition area 18, the camera 12 detects the color of the article 12 and acquires
a color image, and preferably a digital image of the article 14. The camera 12 in turn
supplies the images or the data associated with the image through a camera output 19

to a corresponding input 20 on the processor 17.

[0043] The processor 17 therefore receives digital images from the camera 12 through
an image infeed, processes the image infeed and the data associated therewith, and

feeds a processed image output and associated output data through a processor output

11
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21 to a corresponding input 22 on a display device, monitor or other operator viewable
device 23 which includes a display screen 24. Preferably, the processed image is then

displayed on the screen 23 so that it is viewable by an operator.

[0044] Generally, during processing, this vision system 10 preferably would remove or
reduce all other distracting features of the infeed image received from the camera 12
other than the relevant color areas, wherein the relevant colors would be emphasized
while remaining areas of the article are deemphasized on the operator display screen 23

so that eye fatigue is less of an issue to the operator.

[0045] In more detalil as to the present invention, Figure 2 illustrates exemplary articles
14 which are shown as parts 26-29. These parts 26-29 may be valve stems such as
those previously described herein. Each of the parts is marked with a particular color
area 26A-29A that has been applied to the parts 26-29, such as by a paint marker, to
identify particular characteristics of the parts, such as size, type or material. These color
areas 26A-29A are of a different color and distinguishable from the remaining surface
areas of the parts 26-29. In this illustrated application, a manufacturer or a supplier to
the manufacturer may place color areas 26A-29A, such as paint dots, on the particular
part 26-29. This may be desirable when the part is a valve stem for an engine, where it
is critical that the correct valve stem is inserted into a particular engine. For example,
parts 26 and 27 are both part and marked with the same color in the color areas 26A
and 27A. This color might be yellow or might be in a range that would be considered
‘yellow” by the naked eye. The other parts 28 and 29 may differ from parts 26 and 27
and be marked with a different color in the color areas 28A and 29A such as purple or

what might be in a range that would be considered “purple” by the naked eye.

[0046] Since the paint dot is manually applied and a paint marker may apply a paint dot
of varying quality, the paint dots may sometimes be barely visible, in particular to the
naked eye. In Figure 2, for example, the color area 26A has a darker, more obvious col-
oration, in comparison to color area 27A which is lighter. In color area 27A, the color ma-
terial, which can be a paint, may be thin and allow some of the surface color from the
part 27 to be visible or show through, which changes the shade of the specific color

used in color areas 26A and 27A. Similarly, the second color in color area 29A is darker

12
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and more obvious, than the same second color applied to color area 28A, which is light-
er. Here again, two shades of the second color are present in the color areas 28A and
29A, i.e. dark purple and light purple. Therefore, the present invention is used to segre-
gate and differentiate first and second colors such as is present in the first color areas
26A and 27A and the second color areas 28A and 29A, while also segregating and dif-
ferentiating different shades of the first and second colors as will be described further
below. As an example, the first color of parts 26A and 27A may be suitable and properly
conforming, but if the vision system 10 or operator identify the presence of parts 28 or
29 by seeing the second color areas 28A and 29A, then these 28 or 29 would be con-
sidered non-conforming and the system 10 would respond to deal with the non-

conforming parts 28 or 29.

[0047] Additionally, the vision system 10 may differentiate, segregate and display more
than one relevant color per part 14. In the prior example, the operator may be required
to monitor each part 14, such as parts 26 and 27, for the correct color and then reject
any parts having a non- conforming color, such as parts 28 and 29. As another level of
complexity as illustrated in Figure 3, the parts 14 are designated as parts 30-32, and
again may be similar types of parts like valve stems. The parts 30 and 31 are both the
same type of valve stem and therefore marked with color areas 30A and 31A with a first
common color such as red or what might be considered “red” by the naked eye. The part
32 differs and therefore is marked with a color area 32A that is a second color such as
blue or what might be considered “blue” by the naked eye. This marking protocol is simi-

lar to the first example above in Figure 2.

[0048] For this second example of Figure 3, the parts 30-32 are also pre-inspected to
ensure that each part 30-32 properly has a primary color area such as color areas 30A-
32A. If these color areas are not present, then the part is non-conforming since it is not
possible to tell what type of part is being used. This pre-inspection also validates that the
correct color is used in color areas 30A-32A. This preliminary inspection may be per-
formed by another inspector, such as an inspector elsewhere at the manufacturer or at a
part supplier. If the part 30-32 is properly marked with the primary color area 30A-32A,
then a secondary color area 30B-32B is applied, wherein the parts receive a paint dot of

a further color, such as green, confirming that the primary color areas 30A-32A are pre-
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sent and properly applied. The secondary color area is applied after the first color areas
30A-32A to validate the parts 30-32, and can be located at different locations on the part
30-32. In Figure 3, secondary color area 30B is separated from primary color area 30A,
color area 31B overlies color area 31A, and color area 32B partially overlies or overlaps
color area 32A. The vision system 10 of the present invention preferably would automat-
ically segment out and identify the secondary color, such as green, from any of the other
colors present on the part and give an operator an easier, lower eye fatigue, viewing of
the top of the parts 30-32 prior to use. In these examples, the inventive image en-
hancement technique preferably segregates out and displays only one or more colors of
interest for an operator, allowing the operator to focus on the color areas of concern ra-

ther than the whole image.

[0049] In more detall as to Figure 1 and the operation of the vision system 10, the cam-
era 12 monitors and acquires images from the image acquisition zone 18. The camera
12 may acquire images at periodic intervals, or even continuous video images and
would then output images of the article 14 for subsequent processing by the vision sys-
tem 10. Preferably the vision system would also include a light 40 which would direct
light 41 to the image acquisition zone 18 for illuminating each article 14 being viewed by
the camera 12. This light 40 provides more uniform light conditions to image acquisition
zone 18. In this regard, the environment 15 typically includes ambient lights 42 which
illuminate the environment. Since each environment 15 may differ in illumination, the
addition of the system lighting 40 provides a more consistent visual environment for ac-
quiring images of the articles 14. Preferably, the light 40 is an LED light although other
light sources can be used. Preferably, the vision system 10 with the light 40 is also cali-

brated to take into account the different characteristics and color variations of each light
type.

[0050] The processor 17 then receives digital images from the camera 12 through an
image infeed 20 and processes the image infeed and the data associated therewith to
detect the color areas present on the articles 14 such as the color areas described rela-
tive to Figure 2 and 3. The processor 17 then segments and identifies the color area on
each part 14. In one preferred embodiment, the processor 17 may then feed a pro-

cessed image output and output data to the screen 23 on the display device 24. During
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processing, the processor 17 preferably would remove or reduce all other distracting

features of the infeed image from the camera 12 other than the relevant color areas. In
other words, the processor 17 would segment and emphasize the relevant colors while
remaining areas of the article are deemphasized on the operator display 23 so that eye

fatigue is less of an issue to the operator.

[0051] In the example of Figure 2, the processor 17 would segment out the conforming
color area 26A on the part 26 and in one configuration would display the color area 26A
in the appropriate color, such as yellow, on the screen 23 in the shape of the color area
26A. As seen in Figure 2, the color areas 26A and 27A have different shapes or bounda-
ries and when shown on the screen 23, the shapes would be displayed in the appropri-
ate color yellow. If a non-conforming part 28 was present, the color area 28A would be
displayed in the respective color such as "purple". The operator would be seeing a readi-
ly apparent "yellow" area for conforming parts 26 or 27, but if the color area 28A showed
in purple, the operator could easily determine that this was the wrong color and the part
28 or 29 was non-conforming. The operator would then initiate an established process to
remove the non-conforming part, or, alternatively, the operator's equipment would re-

spond to that non-conforming color and act to remove the non-conforming part.

[0052] In this configuration, the processor 17 might only show the color area, and then
black out all remaining features and colors of the part so that an operator might see a
"yellow" color area on a black screen. Alternatively, the processor 17 could convert all
remaining features and colors into a grayscale and show a "yellow" color area with a
grayscale image of the part. As such, the primary and secondary color areas may be
displayed with color area on a black screen or on a grayscale image of the part, wherein
the color area is emphasized and the remaining areas of the part 14 deemphasized

through a black screen or grayscale image.

[0053] Where primary and secondary colors are used as in Figure 3, the processor may
generate two separate processed images on the screen 23. The processed images
could be displayed in a split screen format. For example, the left side of the screen 23
might display the primary color area 30A or 31A in red so that the operator can easily

confirm that the part is conforming. If the color area 32B is displayed in blue, the opera-
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tor could determine that a non-conforming part 32 is present. On the right side of the
screen 23, the processor 17 may generate a processed image showing the secondary
color area 30B-32B. If the secondary color such as green is seen, the operator knows
that the part has been inspected and validated as including the primary color area and
this is accurate. If the secondary color area is not present, the primary color area might
still be present but the operator would know that the primary color area was not pre-
inspected and approved as accurate and the part may still be rejected as non-
conforming since it was not validated previously. Here again, the primary and secondary
color areas may be displayed with color area on a black screen or on a grayscale image
of the part, wherein the color area is emphasized and the remaining areas deempha-

sized through a black screen or grayscale image.

[0054] The vision system 10 also differentiates shades of the colors to address incon-
sistencies in the application of such colors to the articles 14. The vision system process-
es the camera images and identifies each color and plots each color and shade thereof
on an XYZ coordinate system. In this system, the primary RGB colors correspond to and
are plotted on the respective XYZ axes such that each color can be plotted in space with
XYZ coordinates. While the vision system 10 works with an RGB space, any color space
supported by the underlying hardware may be used such as CIELAB and IISL. The pro-
cessor 17 processes these data points, and establishes a volume of space around a
desired target color that represents shades of that target color that are acceptable. For
example, if a certain shade of yellow is the color being applied to a color area, the actual
shade of yellow visible on the part 14 may vary due to differences in thickness of color or
heaviness of the color being applied or other factors. The processor 17 is therefore pro-
grammed with a range of suitable shades of the target color, which is the tolerance of

the system 10 to variations in the target color.

[0055] When certain shades of the target color are found to be suitable, the processor
17 can either display on the display 24 the color area in the actual shade acquired by
the camera 12, or can enhance the accepted color shade so that it is modified and dis-
played in the target color. As such, the operator can either see the color area in the true

color or an enhanced color.
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[0056] As an initial step of the process, the vision system 10 can be calibrated so as to
train the system 10 for the primary and secondary colors that are considered to be con-
forming. In this regard, a master part 14 may initially be desired that includes the primary
or secondary colors or both present in the preferred target color. An image of the master
part 14 can be acquired by the camera 12 so that the processor 17 can determine the
data for the target color(s) as plotted on the 3D graph, and then store the data associat-
ed with such plot(s) for future processing of acquired images of actual parts 14. Since
the camera 12 preferably includes the light 40, this will minimize the effects of variations
in ambient lighting from lights 42, and the illumination provided to the image acquisition
zone 18 will be more uniform and consistent. Alternatively, the processor 17 could be

pre-calibrated with color charts with which the target colors can be plotted.

[0057] Preferably, the light 40 is an LED light although other light sources can be used.
Preferably, the light 40 is also calibrated to take into account the different characteristics

and color variations of each light type.

[0058] Accordingly, the inventive parts of this vision system may incorporate image pro-
cessing software in combination with off the shelf, color machine vision hardware for
image acquisition and processing. In one preferred configuration, the vision system 10
can be operated with a Cognex camera or a Matrox smart camera to segment colors for

automatic inspection.

[0059] The vision system may be operated in different optional configurations. In one
configuration, a customer may install and operate the vision system in the non-
automated configuration wherein the operator continuously monitors the display 24 ac-
cording to the above description. The operator would view the screen 23 and would be
presented with the processed images showing the desired color areas emphasized on
the display screen with either color areas on black background, or on a grayscale image
of the part 14. The operator may then use the screen 23 to help make decisions on
whether the part 14 is acceptable and confirming and if not conforming, the operator can
take action to remove the non-conforming part 14 or stop the production line until the

incorrect part is removed from the production line.

[0060] In an automated configuration, the processor 17 of the vision system 10 would
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make a determination of whether each area of color is acceptable or not, i.e. good or
bad, by comparing the acquired images and color areas with target colors that have
been calibrated earlier such as during the teaching step described above. The processor
17 and associated software may then provide feedback to the manufacturing or produc-
tion equipment to deal with the non-conforming part without requiring the intervention of
the operator. The display screen 23 may still provide feedback to an operator, such as a
visual or audible indicator or both to signal the presence of a non-conforming part 14,
but the processor 17 may automatically take steps to address the non- conforming part
14, or may take such automatic steps after inviting the operator to authorize such inter-

vention by the vision system 10.

[0061] As such, the vision system 10 of the present invention preferably can serve to
remove all other distracting features of the image other than the color areas, so that eye

fatigue is less of an issue for the operator.
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CLAIMS

1.  Method for examining an article by using a vision system, wherein

- the article is marked with a color area to identify particular characteristics of

the article
— a camera of the vision system obtains images of the article,

— a processor of the vision system receives the images from the camera

through an image infeed,
- the processor processes the image infeed,

- the processor feeds a processed image output to an input on a display de-

vice which includes a display screen,

- the processor displays the processed image on the screen so that it is view-

able by an operator, and

- the processor removes or reduces all distracting features of the infeed image
received from the camera other than the color area, for reducing eye fatigue

of the operator.

2. Method according to claim 1, wherein the color area is a paint dot which is repeat-

edly applied to several articles, wherein said paint dot is applied with varying quali-
ty.
3. Method according to any one of claims 1 to 2, wherein

- the processor segments and identifies the color area on each article and

- the processor removes or reduces all distracting features of the image from

the camera other than the color areas.
4. Method according to any one of claims 1 to 3, wherein

- the processor segments and emphasizes the color area while remaining are-

as of the article are deemphasized on the display device.

5. Method according to any one of claims 1 to 4, wherein the processor segments out
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the color area and displays that color area in the appropriate color on the screen

and in the shape of the color area.

Method according to any one of claims 1 to 5, wherein the color area is emphasized
and remaining areas of the article are deemphasized through a black screen or

grayscale image.
Method according to any one of claims 1 to 6, wherein

- the article has a primary color area and to validate that the correct color is

used in said primary color area,

— a secondary color area is applied to confirm that the primary color areas are

present and properly applied.

Method according to claim 7, wherein the article is pre-inspected to ensure that
each article properly has a primary color area and to validate that the correct color

is used in said primary color area.

Method according to any one of claims 7 to 8, wherein the secondary color area on

different articles is located at different locations relative to the primary color area.
Method according to any one of claims 7 to 9, wherein

- the vision system automatically segments out and identifies the secondary

color present on the article,

- the processor generates two separate processed images on the screen,
wherein a first section of the screen displays the primary color area and a

second section of the screen displays the secondary color area.

Method according to any one of claims 7 to 10, wherein the primary and secondary
color areas are each displayed with a color area on a black screen or on a gray-
scale image of the article, wherein the respective color area is emphasized and the

remaining areas deemphasized through a black screen or grayscale image.
Method according to any one of claims 1 to 11, wherein

- the vision system differentiates shades of the color to address inconsisten-

cies in the application of such a color to the article,
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- the vision system processes the camera images and identifies each color

and plots each color and shade thereof on a color-coordinate system,

- the processor processes these data points and establishes a volume of
space around a desired target color that represents shades of that target

color that are acceptable.

Method according to any one of claims 1 to 12, wherein the processor is pro-
grammed with a range of suitable shades of the target color, which is the tolerance

of the system to variations in the target color.

Method according to claim 13, wherein the processor enhances a color shade that
is within the range of suitable shades, so that it is modified and displayed in the tar-

get color.
Method according to any one of claims 1 to 14, wherein

- the vision system is initially calibrated for the primary color that is considered

to be conforming,

— the vision system is calibrated in particular to a secondary color that is con-

sidered to be conforming,

- an image of a master part is acquired by the camera so that the processor
determines the data for the target color or colors and stores the data associ-
ated with such plots for future processing of acquired images of actual arti-

cles.

Method according to any one of claims 1 to 15, wherein the images are acquired in
an image acquisition zone and wherein the vision system includes a light which di-
rects light to the image acquisition zone for illuminating each article being viewed by

the camera.

Method according to any one of claims 1 to 16, wherein the vision system provides
feedback and signals the presence of a non-conforming article by means of a visual

or audible indicator or both.

Method for examining an article by using a vision system, wherein in an automated
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configuration

the article is marked with a color area to identify particular characteristics of

the article
— a camera of the vision system obtains images of the article,

— a processor of the vision system receives the images from the camera

through an image infeed,
- the processor processes the image infeed,

- the processor of the vision system makes a determination of whether each
area of color is acceptable or not by comparing the acquired images and col-

or areas with target colors that have been calibrated earlier,

- the processor provides feedback to a manufacturing or production equipment

to deal with a non-conforming article.

19. Vision system comprising a processor and a camera for obtaining images of an arti-
cle, wherein the article is marked with a color area to identify particular characteris-

tics of the article, wherein said processor is configured

to receive the images from the camera through an image infeed,
— to process the image infeed,

- tofeed a processed image output to an input on a display device which in-

cludes a display screen,

- to display the processed image on the screen so that it is viewable by an op-

erator,

- to remove or reduce all distracting features of the infeed image received from
the camera other than the color area, for reducing eye fatigue of the opera-

tor.

20. Vision system comprising a processor and a camera for obtaining images of an arti-
cle, wherein the article is marked with a color area to identify particular characteris-

tics of the article, wherein said processor is configured
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- to receive the images from the camera through an image infeed,
— to process the image infeed,

- to make a determination of whether each area of color is acceptable or not
by comparing the acquired images and color areas with target colors that

have been calibrated earlier,

- to provide feedback to a manufacturing or production equipment to deal with

a non-conforming article.
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