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the template. The color system
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dependent or independent. The
total color distance can either
be presented or displayed to an
operator of the machine vision
system (20) or else can be used
in an automatic feedback loop
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METHOD AND SYSTEM FOR
MEASURING COLOR DIFFERENCE

Technical Field

This invention relates to methods and systems
for measuring color difference and, in particular, to
method and systems for quantifying such color differ-

ence.

Background Art

Until recently, measurement of color has been
undertaken using spot measurement devices such as
spectrophotometers and colorimeters. Invariably, these
are precision devices and, other than specially engi-
neered equipment, have not really been used for on-line
color analysis. Invariably, they are limited to work on
single color substrates, and because of their limited
field of view have not really been suitable for opera-

tion on intricately patterned multicolored objects.

The use of a high quality color television
camera as a precision color monitoring device has many
shortcomings, most of which have been detailed in the
above-noted related applications. These shortcomings
include limited dynamic range, susceptibility to illumi-
nation and electronic noise, electronic drift, incorrect
color balance set up, etc. However, such cameras do
have one overriding attraction, and that is their
ability to simultaneously measure the color distribution
of in excess of 250,000 pixels in about 20 milliseconds

or less, a feat that is all but impossible using stan-
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dard colorimetric measurement tools. However, currently
there is very little one can do with all of this data
other than check that one color is identical with
another, either on the same image or compared with a

pre-stored template.

There are many application areas where it is
desirable to be able to quantitatively measure the
similarity/dissimilarity between the color distribution
of a sample object and a reference color image. For
example, a region of an image may need to be either
compared, enhanced, isoclated or removed from the rest of
the image where its main distinguishing parameter is its
color. Two types of filter may be needed, a color
removal filter, whereby all colors similar to selected
reference colors are removed from an 1image, and a
complementary filter whereby all objects whose ccolor is
not similar to selected reference colors are removed

from the image.

Another example is within a color search
algorithm, whereby an image 1is scanned and objects
within the image are to be identified based not only on
their physical geometry, but also on their color distri-
bution. This application differs significantly from
normal correlation techniques which invariably only use

the geometry of an object in order to form a match.

Such a color algorithm could, for example, be
used to identify all resistors of a given value on a
printed circuit board, by automatically using a built-
in, resistor color code. Current correlation techniques
can only be used to identify resistors and are unable to

distinguish their value.
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Still another example is within a color
matching algorithm whereby a machine vision system can
measure whether the color distribution of a sample
object is within acceptable limits of a standard or

reference color image.

U.S. Patent No. 4,653,014 to Mitcami et al.
discloses a process for preparing discrimination crite-
ria for identifying colors in a color identifying
system. A computer-based system attempts to automati-
cally determine the best way in which to be able to
distinguish between single color samples. The system
must be shown the color which it is trying to identify.
It will then automatically derive the optimum parameters
with which to be able to differentiate samples of these
colors. It describes a spot measuring instrument rather
than an area measuring instrument. Its output is
essentially digital, in as much as the output result is
that a sample is identified as being identical to one of
the original samples. There is no way of quantitatively
measuring how close, or how far the sample is from the

original reference.

U.S. Patent No. 5,218,555 to Komai et al.
discloses a method for judging a color difference using
rules and fuzzy inference and apparatus therefor. The
color matching system is totally based on "fuzzy logic"

and "fuzzy inference" components within its algorithm.

U.S. Patent No. 5,410,637 to Kern et al.
discloses a color tolerancing system employing fuzzy
logic. This technique appears to be designed for

matching a single coclor sample. As with the Komai et
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al. patent, the aljorithm is totally reliant on "fuzzy
logic".

U.S. Patent No. 5,085,325 to Jones et al.
discloses a color sorting system and method. The system
uses a polar coordinate color specification. An exter-
nal look up table is used to perform an acceptance/re-
jection flag. Digitized video goes straight into the

hardware-implemented look up table for real-time speed.

U.S. Patent No. 5,221,959 to Ohyama et al.
discloses a color discrimination data input apparatus.
The system modifies the spectral content of the illumi-
nation on an object in order to obtain the optimum
separation of several classes of object based on differ-
ences 1in spectral reflectance of the objects being

classified.

Summary Of The Invention

An object of the present invention is to
provide a method and system for quantitatively measuring
the similarly/dissimilarity between the color distribu-
tion of a sample object and a reference color image in
a machine vision system using a single parameter (i.e.

color distance).

Another object of the present invention is to
provide a method and system to not only directly compare
identical colors but also compare nearly identical

colors in a color independent fashion.

In carrying out the above objects and other

objects of the present invention, a method is provided
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for automaticually measuring color difference between
color distribution of an object and a reference color
image in a machine vision system having a memory. The
method includes the step of storing a template in the
memory of the machine vision system. The template
represents the reference color image. The method also
includes the steps of generating a sample color image of
the object having the color distribution and processing
the template and the sample color image together to
obtain a total color distance. The total color distance
represents a quantitative difference between the color
distribution and the reference color image in a color

system.

The advantages accruing to the method and
system of the present invention are numerous. For
example, the concept of color distance has many poten-
tial applications such as color comparison, color
recognition, and color filtering - both color pass and

color stop.

For example, suppose one wishes to compare two
areas in an image, maybe two adjacent pixels, both of
them red, with two identical areas perhaps held in
computer memory. One can do this using the color

distance concept, viz:

Distancel |Hs1-Htl|+|Ss1-St1|

il

Distance2 |Hs2-Ht2|+|Ss2-5t2|

1t

Here, Hsl and Ssl represent the Hue and Saturation,
respectively, of the first red sample pixel, Htl, and
Stl represent the Hue and Saturation of the first red
template pixel, while the second set represent the same

parameters of the second area. If the sample images are
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exactly the same as the template images, then the two
color distances go to zero. As they get further apart
in color, the color distance increases. In other words,
color distance provides an analog scale with which to
measure the closeness in color of two images. If one
wants to treat the two pixels as one composite image,

one simply adds the two distances:
Total Distance = Distancel + Distance2

However, if one changes the color of the second pixel in
both the sample and the template to, for example, blue,
so that one now has one red and one blue pixel, the
result is absolutely identical. When the two images are
identical, there is zero difference, and if the images
start to diverge, the distance will start to get larger

the further apart the sample is from the template.

What is applicable for two individual pixels
is also applicable for complete images irrespective of
their color complexity, providing the images are pixel
matched. If the coloring between the sample and tem-
plate are identical, then the overall distance is zero.
This parameter (i.e., color distance) increases as the
color difference between the sample and template di-

verge.

Similarly, with color filtering, because the
color filter plane covers the complete color space, one
can build as simple or as complicated a filter as
required. It is not limited to passing or stopping just
a single color. ©One can configure a filter that will
stop a very particular shade of red, while simulta-
neously stopping everything that 1is, for example,

between grass and pea green, and any macenta pixel.
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Preferably, cnlor distance is a single parame-
ter whose value varies as a function of color similari-
ty/dissimilarity between 0 and an upper value. A value
of 0 indicates that two color distributions are identi-
cal as far as the machine vision system is concerned.
The upper value indicates that the two distributions are
completely dissimilar. Thus, the smaller the number -

the closer the color distributions are.

Automatic single color comparison now becomes
a simple matter of comparing the prestored reference
color (i.e. template) of a template object with a sample
color of an object. 1If the color distance between the
two measurements fall within the standard deviation of
a color range of the template, then the colors are
assumed to Dbe identical. If the color distance is

larger than this amount, the object is rejected.

This technique is readily extended to multi-
colored objects. A target or sample image is first
pixel/subpixel aligned with its pre-stored color refer-
ence image then th2 whole image can be checked irrespec-
tive of any color boundaries on the image. In other
words, a single number can be computed that represents
the difference in color between a reference image and
sample image irrespective of how many colors are present
in the images. If this distance is too great, the

sample will be rejected, else it will pass muster.

Color recognition for operations such as
automatic resistor color code determination can be put
onto a firm theoretical basis where color targets can be
associated to template colors on the least distance

basis. Thus, even if the colors are not identical to
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identified on minimum distance basis, similar to that

used in Shannon coding in communication theory.

Color distance-based algorithms produce
powerful color filtering capabilities. 1In the simplest
case, it provides a sound theoretical basis for extend-
ing the color "bandwidth" of a color filter. Using
color distance it becomes possible to construct a filter
that will pass/stop colors that are similar to the
selected color. Thus, if the trained color belongs to
an object that has a spread of color, then the filter
can be safely trained on any typical area, and the
filter pass/stop band broadened to take into account the

spectral spread.

Color-based image segmentation, using dis-
tance-based technigves is possible by asking whether any
uncertain pixel is more likely to belong to one trained
object or another, or, of course, some other as yet

unknown object.

The above objects and other objects, features,
and advantages of the present invention are readily
apparent from the following detailed description of the
best mode for carrying out the invention when taken in

connection with the accompanying drawings.

Bricf Description Of The Drawings

FIGURE 1 is a schematic diagram of a machine
vision system in which the method and system for measur-
ing color difference of the present invention can be

used; and
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FIGURE 2 1is a graph illustrating the diffex-

ence between Euclidian and City Block "color distance."

Best Mode For Carrying Out The Invention

In general, this invention compares a sample
or target image, captured from a sample object with a
previously generated "known good" template or reference
image. In this way, the method and system of the
present invention quantitatively measures color differ-
ence. The results of the comparison can either be
presented or displayed to an operator or else used in an
automatic feedback loop to control a machine, a robot or

a process or quality control.

Referring now to the drawing Figures, there is
illustrated schematically in Figure 1, a machine vision
system, generally indicated at 20, by which the method
and system of the present invention can automatically
measure color difference between a sample color distri-
bution of an object and a reference color image repre-
sented by a template. The machine vision system 20
typically include= an image digitizer/frame grabber 22.
The image digitizer/frame grabber 22 samples and digiti-
zes input images from an image source such as a sensor
or color camera 24 and places each input image into a
frame buffer having picture elements. Each of the
picture elements may consist of three 8-bit numbers
representing the brightness of that spot in red, green
and blue regions of the spectrum in the image. A
digital camera 25 coupled to a system bus 26 may be
provided to eliminate the need for the image digitiz-

er/frame grabber 22.
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The system 20 also includes input/output
circuits 30 to allow the system 20 to communicate with
external devices such as a controller 27 for controlling

a process or machine such as a machine 31.

The camera 24 may be an image source such as

an analog, digital or line scan camera such as RS-170,
CCIR, NTSC and PAL.

The system bus 26 may be either a PCI, an
EISA, ISA or VL system bus or any other standard bus.

The image digitizer/frame grabber 22 may be a
conventional three channel color frame grabber board
such as that manufactured by Imaging Technologies, or
other frame grabber manufacturers. Alternatively, the
image digitizer/frame grabber 22 may comprise a vision

processor board such as made by Cognex.

The machine vision system 20 may be programmed
from a mass storage unit 32 to include custom controls
for image processing and image analysis. Examples of
image processing may include 1linear and non-linear
enhancement, morphology, color and image arithmetic.
Also, image analysis may include search, edge, caliper,

blob, template, color, 2-D and 3-D measurements.

A signal processor or computer 28 of the
system 20 may be a Pentium-based IBM compatible PC or
other PC having a sufficient amount of RAM and hard disk
space for performing the algorithms associated with the

present invention.
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Color Distance

"Color distance" is a method of quantifying
the difference between two colors or color distribu-
tions. Color distance is a way to handle a gentle color
gradient from one hue to another during a color filter-
ing operation. However, color distance also represents

a key concept in many color-based applications.

Color distance, as defined in the present
application, is a relative measurement of the similarity
of two colors or color distributions. It can be used in
conjunction with virtually any color measurement system,
such as RGB, IHS, etc. although it really shows its
flexibility when used in conjunction with the intensity
normalized color parameters such as REDNESS/GREENESS or
Hue and Saturation. There are two different forms of
the color distance. The first of which is the so-called

Euclidean distance in which the distance is given by:

Distance =\ (rRef-rS)2 + (gRef-gs)?2

Here, the distance is computed in the REDNESS/GREENESS
color system, and rRef is the REDNESS of the reference
color and rS is the REDNESS of the comparison pixel.
gRef and gS are the corresponding GREENESS parameters.
The equation is of identical form for other two parame-
ter color specifiers. For intensity dependent measures

the equation would be extended in the following manner:

Distance =\ (iRef-i5)? + (hRef-hS)? + (sRef-s9)?)

Here, iRef is the intensity of the reference pixel, and
iS is the intensity of the sample pixel, the h and s
components are the hue and saturation quantities respec-

tively, RGB would be handled in an identical form being
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the square root of the sum of the squares of the RGB
differences.

In this form its statistical pedigree can be
recognized in the form for the accumulated or total

distance; viz.:

: 1 —
Distance = - Z; Vx - x°

Here, it can be seen to be almost identical in form to
the standard deviation equation for finding the vari-
ability of a sample of x about a reference value. From
which it can be inferred that the measurement is ideally
suited for measuring the difference between color

samples; setting up color confidence limits, etc.

The most rapid method of calculating the
Euclidean distance is via a look-up table. 1If the color
is defined in an intensity independent system, such as
REDNESS/GREENESS then the input color can be completely
defined by two bytes. These 16 bits can be used as a
index into a 64K look-up table, producing an 8 bit
distance measure. Such a methodology is only really
practical when a large number of distances are to be
computed from the same reference color. Once this
reference color has been identified, the look-up table
can be computed and from this stage distance, calcula-
tions are as fast as they can be. An example of where
such a technique may be useful is color filtering where
a particular single hue has been selected as the filter
reference. Once this is known, the look-up table can be
processed, and then used for subsequent arithmetic
operations. However, operations such as the "resistor"

matching problem where the distance is being computed
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with a different reference hue for each pixel, the look-

up table technique may not be a viable option.

The second option for computing a color
distance is related to the Euclidean distance, but does
not share its statistical pedigree. The distance metric

is known as "CITY BLOCK" distance, and is calculated by:

Distance = |rRef-rS| + |grRef-gs|

The variables are the same values as discussed previous-
ly, and the metric can be extended in an analogous way
to cover intensity dependent color systems. The differ-
ences between the two are shown in the graph of Figure
2.

It can be seen that the two distance measures
both start off from the same place and end in the same
place. However, in between, the City Block metric pro-
vides a consistently higher reading than the Euclidean
metric. However, providing that one is consistent in
which one is used, then in almost all applications where
the distance is used as either a threshold or a compari-
son level then both will work just as well. The City
Block is very much simpler and hence a great deal faster
than that required for Euclidean distance, even when one
is using a look-up table methodology. It is still

faster in computing the look-up table to start with.

City Block distance does appear to have a
slight problem when used in a Template creation mode.
Here, several images are combined to form a mean image,
together with a distance measure of how the colors vary
between the individual template samples. This provides

information regarding the spatial variability of the



WO 97/44950 PCT/US97/06212

10

15

20

25

30

_14_

color distribution between acceptable template samples;
and is of crucial importance when using the difference
metric as an acceptance criterion. If the distances
found between the sample and mean template are similar
to those found between template samples, then the sample

can be accepted. If the distance measures are greater,
it fails.

The problem arises during the formation of the
template. Say the mean template is to be formed by
observing 16 template samples. One needs two parameters
per pixel. The first is the mean value over the 16
samples; the second is the distance variation over the
16 samples. The distance scatter is derived from the
distance between the population mean, and the individual
values. With the Euclidean distance it is possible to
formulate the equations suach that both the mean and the
number required to obtain the scatter can be accom-
plished during one pass. With respect to City Block
distance, one may need to keep all 16 images in memory
while the mean was computed, so that the mean could be

used to compute the City Block scatter.
Color Comparison Methodology

This section describes the algorithm required
to use color distance as a basic quality control for

matching colors.

It should be noted that although the example
shows its application to a single color target, subject
to the target being pixel matched to the template, the

color, or spread of colors is irrelevant.
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Generation of Original Template

The original template can be made in virtually
any color system, from intensity dependent formats such
as RGB to intensity independent formats such as RED-
NESS/GREENESS. Concentrating on the latter to focus the
discussion, an image is taken of a Template object, and
converted into a REDNESS and a GREENESS image. Here,
REDNESS is defined as the function:

REDNESS(r,g,b) = — 225

and GREENESS is defined as:

GREENESS(r,g,b) = —222'9

[+ 24+ ~24 12

VIc+g<+b
In the situation where the template is being manufac-
tured from multiple images, two parameters need to be
derived. The first is the mean template images. These
can be determined simply by adding the sample templates
together and then dividing by the number of samples in

the template viz.

. 1 :
Mean_image,,, .o um - ]fE: Current_pixel, . cojumn
n

The mean template will consist of two monochrome images,
the mean REDNESS image and the mean GREENESS image.

The second parameter to be obtained is the
intrinsic color distance variation within the sample
templates themselves. The overall outcome will be to
produce a distance map of the template, such that areas
of high color variation on a sample-per-sample basis
will end up with a high color distance variance.

Consequently, on use as a template, areas with a high
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color variance can be made less selective than areas of
stable colorness. This is accomplished on a running
basis. After the initial template image has been taken,
the template variance image is cleared to zero. Then as
each subsequent template image is acquired, the distance
between the current pixel on the previous image is
measured, and added into the distance image. After this
has been done for the whole template batch, the result-
ing distance image is divided by the number of templates
minus 1. Thus, each pixel in the template image has an
associated average distance broadly related to the
variability of that pixel during the template acquisi-
tion.

Template_distance,,, ..ium, = Template_distance,,, .o;umn

Y |rprevious_pixel,, ..., - rCurrent pixel
+ n

ruw,column{ v

+ !gPIeVlOUS_plXGlrowcol”mn - gCurren t_plxelmw’ column‘

Here, rPrevious_pixel 1is the current pixel in the
REDNESS image of the previous template image, and
rCurrent_pixel is the current pixel in the REDNESS image
of the latest template image, the corresponding "g"
prefix variables are the corresponding pixels in the
GREENESS image.

Color Testing

In order to undertake color tests, a segment
of the current image corresponding to the template is
acquired. This can be registered with the template using
search tools, if this is necessary. The incoming image
will be disassociated into its colorness components.
Following the previous example, this will be a two plane
image consisting of REDNESS and GREENESS. The color
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distance comparison w_.1ll be undertaken on a pixel-by-
pixel basis but note that areas corresponding to areas
of high spatial variance can be excluded from the
computation. Thus, the resulting match coefficient can
be limited to known stable image areas. If we assume
that we produce a binary mask image directly from the
spatial standard deviation such that regions whose
intensity is "0" are disallowed due to the instability
of the image contents, and "1" in areas corresponding to
stable areas, then there are two types of measurement

one can undertake.

The first measurement is a non-qualified
measurement, as might be undertaken in a simple color
comparison as discussed earlier. Here, the overall or
total color distance is accumulated over the complete
valid 1image (corresponding to "1" on the standard
deviation mask). This would be accomplished using the
following equation:

height width

Accumulated distance =
row=0 column=0

l rTempla tef@W, column ~ ISampl Crow, (:olumn‘ .

" |-Threshold

+ |gTempIate, p orum: = GSAMPLE, 0y cotum] row.olunm

Here, rTemplate is the current pixel in the REDNESS
image of the template, rSample is the corresponding
pixel in the image being tested. The "g" prefix vari-
ables are the corresponding pixels in the GREENESS
image. Threshold is the binary mask image. When
comparing the sample image with a number of templates
corresponding to different "objects" then the one
exhibiting the lowest distance is the template that most

closely matches the current image.
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The second mr 'surement is a qualified measure-
ment . Here a single plane monochrome image is produced
whose amplitude/intensity is simply the distance between
the sample and template image at that point. This image
can then be compared pixel-by-pixel to the corresponding
template distance image. Subject to the distances
between the sample and template being smaller than those
computed during the template training session, then it
is safe to assume that the sample belongs to the class
typified by the template; else it can be safely reject-

ed. The algorithm is shown below:

Failflag = FALSE

Failpix = | ( |rTemplate_mean, .-rSample, .| +

lgTemplate_mean, .~gSample, .|) >oTemplate, . |

Failflag = Failflag|Failpix

In essence, the failflag is initially set so
that the comparison passes. A binary image 1is produced
by scanning both the mean template image and the sample
image. The distance between the two are calculated on
a per pixel basis (although the equation shows City
Block, it could equally well be Euclidean distance).
The resulting value 1is compared with the inherent
template distance variability. If it is larger, the
failure pixel is set else it is left clear. The value
of the pixel is logically ORed with the fail flag. At
the end of the scan we are left with a binary map
showing the areas that have failed, and a single Fail-
flag indicating if any of the pixels are out of specifi-

cation.
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Color Filtering Using Distance-Based Techniques

Two distinct forms of color filtering are
recognized, the first is color removal. Color removal
produces a colored image, in which all colors are
present with the exception of hues that have been
selected for removal. These will be replaced with
black. (Note that they could in principle be replaced
with any color, for example all Red pixels could be
replaced by Blue if such an operation has any practical
application, e.g., Chroma keying). Color adding starts
with a completely black image, with the exception of any
hues that have been selected for addition. In both
these cases the spatial and color distribution of the
image is left undisturbed. Addition of colors whilst
the system is in removal mode is limited to colors that
have been previously selected for removal. Similarly,
removal of any colors whilst in color addition mode will
be limited to colors that have previously been selected
for addition. That is to say, 1t i1s meaningless to
remove a color that is not present. Similarly, it is

nonsense to add a color that is already present.

A Color List

Key to the operation of the color filter is a
color list. This 1is in the form of a 1linked list.
Taking for example the case of the color addition
process, at initialization, the color filter is set to
block all colors. The color list is empty. Any attempt
to refresh the filter will result in exactly the same
condition being returned. On selecting a color to be
added to the filter, it gets added to the linked list in

the form of the two color parameters specifying the
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color (which of course depends on the color system being
selected such as hue/saturation or REDNESS/CREENESS
etc.), together with a pointer to the previous top
color. The last color pointer will simply contain a
NULL. Refreshing the filter sequentially works its way
down the list, from the top appending any color present
to an original blank filter. As stated earlier, removal
of any color whilst in this mode is limited to the
colors that had previously been added. The user will be
presented with a color panel, created simply by scanning
down the linked list, and drawing a color patch with the
corresponding color coordinates of each of the list
entries. When one 1is selected, the linked 1list is
modified so that the pointer entry to the color above
the one to be removed is modified to point to the color
entry below the removed color. On the next filter
refresh operation, the filter will now be rebuilt
without the removed entry. Operation of the color
removal mode 1is exactly identical to the mechanism
described above; with the exception that the action of

the filter is complementary.

A Color Addition Filter

The structure of a color addition filter is in
the form of a two dimensional array, whose x and y axes
correspond to the colorness coefficients, such as hue
and saturation, or REDNESS and GREENESS. In the case of
hue and saturation all entries within the array corre-
spond to valid colors, whereas for the REDNESS and
GREENESS colorness coefficients, the only physically
realizable colors correspond to a circular quadrant
centered at the top left hand corner, and perfectly

fitting the array. Points outside this quadrant, such
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as a color with a full scale REDNESS and a full scale
GREENESS do not exist. The maximum wvalue for both
REDNESS and GREENESS occur at a value where both coeffi-

cients equal 0.7071*full scale, which corresponds to

vellow.

Effectively, the color filter plane starts off
at full scale. This indicates that all colors are as
far away from the pass bands as can be obtained, conse-
quently 1if this filter 1is wused, every color gets
stopped. If some entries are made on the color list and
the filter is refreshed, the system undertakes the
following operations. The x, and y coordinates of the
filter represent color coefficients. Thus, scanning the
x and y direction of the filter plane is equivalent to
scanning the whole of the color space. For each loca-
tion in the filter array, the color distance between the
current list entry and the filter array is computed.
(In operation it makes no difference whether the dis-
tance is expressed in Euclidean or City Block). The
resulting distance is compared with the distance cur-
rently existing at that point. If the existing distance
is higher than the current value, as it will be on the
first list value, then the array value will be updated
using the new distance. If the existing value is lower
than the new value, as could be the case where a previ-
ous list entry has been processed which was closer to
the point than the current list entry, then the value is
left standing. This process is repeated until all of
the entries in the color list have been processed.
|x—rList_Cblor|-+|y—gList_Color\)]

Filter Entry_ ., = min .
- - Yxos [[ Filter_Entry, ,

The filter is now ready to use.
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To use the filter, the original image is first
scanned in X and y. The RGB components of the current
pixel are used to compute its colorness coefficients, in
whatever system is currently being used. These color-
ness values are then used as an index into the filter
array. The resulting number is a distance measurement.
This value is then compared to a threshold value con-
trolling the width of the filter. If the retrieved
distance is less than the threshold, then the pixel is
passed on to the display unmodified else currently it is
replaced by a zero pixel which appears black on the
screen. The resulting image will only contain colors
that are similar to the colors entered into the list,
the degree of similarity being controlled by the thresh-
old value.

A Color Subtraction Filter

The structure of a color subtraction filter is
in the form of a two dimensional array, whose x and vy
axes correspond to the colorness coefficients, such as
hue and saturation, or REDNESS and GREENESS. In the
case of hue and saturation all entries within the array
correspond to wvalid colors, whereas for the other
colorness coefficients, the only physically realizable
colors correspond to a circular quadrant centered at the
top left hand corner, and perfectly fitting the array.
Points outside this quadrant, such as a color with a
full scale REDNESS and a full scale GREENESS do not
exist. The maximum value for both REDNESS and GREENESS
occur at a value where both coefficients equal

0.7071*full scale, whi~h corresponds to yellow.
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Effectively, this color filter plane starts
off at full scale. This indicates that all colors are

within the pass bands, consequently if this filter is
used, every color gets passed. If some entries are made
on the color 1list and the filter is refreshed, the
system undertakes the following operations. The x and
y coordinates of the filter represent color coeffi-
clients. Thus, scanning the x and y direction of the
filter plane is equivalent to scanning the whole of the
color space. For each locaticon in the filter array,
the color distance between the current list entry and
the filter array is computed. (In operation it makes no
difference whether the distance is expressed in Euclide-
an or City Block). The resulting distance is compared
with the distance currently existing at that point. If
the existing distance is higher than the current value,
as it will be on the first list value, then the array
value will be updated using the new distance. If the
existing value is lower than the new value, as could be
the case where a previous list entry has been procesgsed
which was closer to the point than the current list
entry, then the value is left standing. This process is
repeated until all of the entries in the color list have

been processed.

|x~rList Color| + |y-gList_Color]
Filter Entry, , = min

Filter_ Entry, ,

The filter is now ready to use.

To use the filter, the original image is first
scanned in x and y. The RGB components of the current
pixel are used to compute its colorness coefficients, in
whatever system is currently being used. These color-

ness values are then used as an index into the filter
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array. The resulting number is a distance measurement.
This value is then compared to a threshold value con-
trolling the width of the filter. If the retrieved
distance is less than the threshcld, then the pixel is
replaced by a zero pixel which appears black on the
screen or else it is passed on to the display unmodi-
fied. The resulting image will not contain any colors
similar to the colors entered into the color list; the

degree of similarity being controlled by the threshold
value.

Color Comparison

Automatic color comparison is a simple matter
of comparing the prestored reference colors or distribu-
tion of a template object with the color distribution of
a sample object. If the color distance between the two
measurements fall within the standard deviation of the
color range of the template, then the colors are assumed
to be identical. If the color distance is larger than

this amount, the object is repeated.

Color Recognition

Color recognition for operations such as
automatic resistor color code determination is put onto
a firm theoretical basis where color targets can be
associated to template colors on the least distance
basis. Thus, even if the colors are not identical to
those on which the system was trained, they can be
identified on minimum distance basis, similar to that

used in Shannon coding in communication theory.
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While the best mode for carrying out the
invention has been described in detail, those familiar
with the art to which this invention relates will
recognize various alternative designs and embodiments

5 for practicing the invention as defined by the following

claims.
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What Is Claimed Is:
1. A method for automatically measuring

color difference between color distribution of an object
and a reference color image in a machine vision system
having a memory, the method comprising the steps of:

storing a template in the memory of the
machine vision system, the template representing the
reference color image;

generating a sample color image of the object
having the color distribution; and

processing the template and the sample color
image together to obtain a total color distance which
represents a quantitative difference between the color

distribution and the reference color image in a color

system.

2. The method of claim 1 wherein the method
further comprises the step of filtering the sample color

image based on the total color distance.

3. The method of claim 2 wherein the step of
filtering removes at least one region of the sample

color image.

4. The method of claim 2 wherein the region
of the sample color image is similar to a preselected

hue or color.

5. The method of claim 1 further comprising
the step of identifying the object based on the total

color distance.
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6. The method of claim 1 wherein the method
further comprises the step of matching the color distri-
bution to the reference color image if the total color

distance is within a predetermined, acceptable range.

7. The method as claimed in claim 1 further
comprising the step of creating the template wherein the
step of creating includes the step of generating the
reference color image from a reference object having a

reference color distribution.

8. The method as claimed in claim 7 includ-
ing the step of converting the reference color image

into two monochrome images.

9. The method as claimed in claim 7 wherein
the step of creating includes the step of generating a

plurality of reference color images.

10. The method as claimed in claim 9 wherein
the step of creating includes the step of generating a
mean template image including a plurality of pixels
based on the plurality of reference color images, each
of the pixels having a mean value and a distance value
over the plurality of reference color images and wherein

the template is based on the mean template image.

11. The method as claimed in claim 1 wherein

the color system is intensive dependent.

12. The method as claimed in claim 1 wherein

the color system is intensity independent.
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13. The method as claimed in claim 1 further
comprising the steps of } roviding a machine and adjust-

ing the machine based on the total color distance.

14. The method as claimed in claim 13 wherein

the step of adjusting is performed automatically.

15. The method as claimed in claim 1 wherein
the template is based on the reference color image and
wherein the reference color image includes a plurality
of pixels and wherein the step of processing includes
the step of processing the images on a pixel-by-pixel

basis to obtain the total color distance.

16. The method as claimed in claim 1 wherein
the template is based on a template image including a
plurality of pixels, each of the pixels having a mean.

value and a distance value to define a color range.

17. The method as claimed in claim 1 wherein

the quantitative distance is Euclidean distance.

18. The method as claimed in claim 1 wherein

the quantitative distance is City Block distance.

19. A color measuring system for automatical-
ly measuring color difference between a color distribu-
tion of an object and a reference color image in a
machine vision system, the system comprising:

a memory for storing a template, the template
representing the reference color image;

means for generatirng a sample color image of

the object having the color distribution; and
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a processor for processing the template and
the sample color image together to obtain a total color
distance which represents a quantitative difference
between the color distribution and the reference color

image in a color system.

20. The system as claimed in claim 19 further
comprising a filter for filtering the sample color image

based on the total color distance.

21. The system as claimed in claim 20 wherein
the filter removes at least one region of the sample

color image.

22. The system as claimed in claim 21 wherein
the region of the sample color image is similar to a

preselected hue or color.

23. The system as claimed in claim 19 wherein
the system further comprises means for identifying the

object based on the total color distance.

24. The system as claimed in claim 19 wherein
the system further comprises means for matching the
color distribution to the reference color image if the
total color distance is within a predetermined, accept-

able range.

z5. The system as claimed in claim 19 further
comprising means for creating the template wherein the
means for creating the template includes means for
generating the reference color image from a reference

object having a reference color distribution.
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26. The system as claimed in claim 25 includ-
ing means for converting the reference color image into

two monochrome images.

27. The system as claimed in claim 25 wherein
the means for creating includes means for generating a

plurality of reference color images.

28. The system as claimed in claim 27 wherein
the means for creating includes means for generating a
mean template image including a plurality of pixels
based on the plurality of reference color images, each
of the pixels having a mean value and a distance value
over the plurality of reference color images and wherein

the template is based on the mean template image.

29. The system as claimed in claim 19 wherein

the color system is intensity dependent.

30. The system as claimed in claim 19 wherein

the color system is intensity independent.

31. The system as claimed in claim 19 further
comprising a machine and means for adjusting the machine

based on the total color distance.

32. The system as claimed in claim 31 wherein

the means for adjusting is a controller.

33. The system as claimed in claim 19 wherein
the template is based on the reference color image and
wherein the reference color image includes a plurality

of pixels and wherein the processor includes means for



WO 97/44950 PCT/US97/06212

10

-37 -

processing the images on a pixel-by-pixel basis to

obtain the total color distance.

34. The system as claimed in claim 19 wherein
the template is based on a template image having a
plurality of pixels, each of the pixels having a mean

value and a distance value to define a color range.

35. The system as claimed in claim 19 wherein

the quantitative distance is Euclidean distance.

36. The system as claimed in claim 19 wherein

the quantitative distance is City Block distance.
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