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(57) Abstract: A method for evaluating a color of a sample includes acquiring an image having a plurality of pixels from a sample
and a plurality of pixels from known color calibration patches. The image is color calibrated using the known color patches to en-
dow the pixels from the sample with the tristimulus values they would have under one or more known illuminants. The calibrated
image is transmitted, together with metadata, to a remote location where further computations and an approval process are per-
formed. The further computations include comparing all of the pixels in the image of a standard that are of a first color to all pix-
els of a second color in the similarly calibrated image of the sample, where the second color is a color in the image of the sample
that is most similar to the first color from the image of the standard.
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METHOD AND APPARATUS FOR EVALUATING COLORIN AN
IMAGE

FIELD OF THE INVENTION
[0001] The present invention generally relates to the field of imaging, and

more specifically relates to color measurement.

BACKGROUND
[0002] Color measurement systems help to improve operational efficiency

and product quality in supply chains. For example, color approval offices for the
global apparel supply chain, apparel mills and dye houses, paint stores, textile
printing shops, carpet manufacturers, manufacturers of wood panels, tiles, vinyl
sheets, and laminates, and other industries relying on the digital color workflow
require accurate color evaluation and visualization.

[0003] Conventionally, spectrophotometers are used to measure product
color for solid color areas. These measurements are compared to reference
standards to verify product color consistency. In some cases, the measurement
and comparison data is transmitted to the buyer for remote color approval.
However, some samples (e.g., printed or textured samples) cannot present a
large enough area of uniform color to the spectrophotometer viewing port to

allow for proper measurement.

SUMMARY OF THE INVENTION
[0004] In one embodiment, the present invention is a method and apparatus

for evaluating color in an image. In one embodiment, a method for evaluating a
color of a sample includes acquiring an image having a plurality of pixels from a
sample and a plurality of pixels from known color calibration patches. The
image is color calibrated using the known color calibration patches to endow the
pixels from the sample with the tristimulus values they would have under one or
more known illuminants. The calibrated image is then transmitted, together with
metadata, to a remote location where further computations and an approval
process are performed. The further computations include comparing all of the

pixels in the image of a standard that are of a first color to all pixels of a second
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. color in a similarly calibrated second image, where the second color is a color in
the second image that is most similar to the first color from the image of the
standard. This results in a color difference metric for multicolor and textured
materials that correlates with visual evaluation.

[0005] One particular method for evaluating a color of a sample includes
acquiring a plurality of images of the sample, where each of the images is
acquired under a different one of a plurality of illuminants and each of the
images contains a set of samples of known spectral reflectance, and color
calibrating the images using the set of samples to estimate a plurality of
tristimulus values of the sample under the different illuminants, wherein the
color calibrating results in a plurality of color calibrated images including a

plurality of pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The teachings of the present invention can be readily understood by

considering the following detailed description in conjunction with the
accompanying drawings, in which:

[0007] FIG. 1 is a schematic diagram illustrating one embodiment of a
system for capturing color-accurate images, according to the present invention;
[0008] FIG. 2 is a flow diagram illustrating one embodiment of a method for
evaluating a color sample, according to one embodiment of the present
invention; and

[0009] FIG. 3 is a high-level block diagram of the present invention that is

implemented using a general purpose computing device.

DETAILED DESCRIPTION

[0010] In one embodiment, the present invention is a method and apparatus

for evaluating color in an image. Embodiments of the invention perform imaging
under multiple illuminants that emulate International Commission on lllumination
(CIE) reference illuminants in order o capture the color of a sample that cannot
be measured using a spectrophotometer. Images taken in this way can be
used to facilitate color difference evaluation for monochromatic, textured, and

multi-colored samples. For example, a captured image of a batch sample may
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be compared to an image of a standard sample to verify a match. Parts of the
image of a batch sample selected by the user may also be compared to
selected parts of a standard sample. The images and associated data can also
be shared over a network and integrated in a color approval workflow.

[0011] FIG. 1 is a schematic diagram illustrating one embodiment of a
system 100 for capturing color-accurate images, according to the present
invention. As illustrated, the main components of the system 100 include an
imaging booth 102, a first computing device 104, and a second computing
device 106.

[0012] The imaging booth 102 comprises a light box or housing 108 within
which a plurality of light sources 1104-110, (hefeinafter collectively referred to
as “light sources 110") are contained. In addition, the imaging booth 102
houses a sample positioning mechanism such as a sample tray or pedestal 112
designed to support a sample to be measured (e.g., a fabric swatch) and a color
calibration strip (e.g., a strip including a plurality of color swatches of known
spectral reflectance) and/or a gray card. In one embodiment, reference color
data for the colors displayed on the calibration strip is pre-measured (e.g., using
a spectrophotometer). In one embodiment, the calibration strip is integrated
with the pedestal 112.

{0013] The light sources 110 each provide an emulation of a different type of
reference illuminant. These types of reference illuminants may include, for
example, daylight (e.g., CIE standard “D65"), tungsten light (e.g., CIE standard
“lluminant A”"), or fluorescent light (e.g., CIE standard “F11”). The light sources
110 are positioned such that the reference illumination emitted by the light
sources 110 is incident upon the pedestal 112, and more specifically upon the
sample and calibration strip supported on the pedestal 112.

[0014] The imaging booth 102 additionally comprises a digital camera 114
that is positioned outside the housing 108. Specificé!ly, the digital camera 114
is positioned in front of the housing 108, which allows the digital camera 114 to
view and capture images of the sample housed within the housing 108. In one
embodiment, the digital camera 114 is held in position by a bracket (not shown)
affixed to the exterior of the housing 108, from which the digital camera 114 is

removable. In alternative embodiments, the imaging booth 102 may be
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configured as an imaging unit. For example, the imaging booth 102 and all of
its components may be scaled to fit within a handheld device that has an open
port for positioning the sample. In such a case, the light sources 110 and digital
camera 114 may also be part of the handheld device.

[0015] The first computing device 104 is communicatively coupled to the
imaging booth 102 and to the digital camera 114. The first computing device
104 is configured to acquire and process images captured by the digital camera
114. In particular, the first computing device 104 converts the camera RGB
values of the captured images to tristimulus XYZ values, as discussed in further
detail below. In one embodiment, the first computing device 104 stores
processed images and associated data (and possibly meta data relating to the
sample) on a server 116. The server may also store data relating to a standard
sample. In one embodiment, the first computing device 104 comprises a
general purpose computing device or a special purpose computing device, such
as a personal computer, a laptop computer, a tablet computer, a smart phone,
or the like.

[c016] The second computing device 106 is a remote computer that is
communicatively coupled to the server 116. The second computing device 106
is configured to retrieve and display the processed images for viewing and color
evaluation (and thus comprises a display and/or printer). Color evaluation using
the second computing device 106 may comprise visual andf/or numerical
evaluation, as discussed below. In one embodiment, the second computing
device 106 comprises a general purpose computing device or a special purpose
computing device, such as a personal computer, a laptop computer, a tablet
computer, a smart phone, or the like.

[0017} In one embodiment, the second computing device 106 is coupled to a
screen color calibration device 118 such as a screen colorimeter. The screen
color calibration device 118 calibrates the colors displayed by the second
computing device 106 so that visual color evaluation performed using the
second computing device 106 is reliable. Although not illustrated, another
screen color calibration device may be coupled to the first computing device
106.
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[0018] In an alternative embodiment, a single computing device replaces the
first computing device 104 and the second computing device 106. Thus, both
processing and display of the images occur on a single computing device. In
addition, color evaluation and image color difference computation may also
occur on this single computing device. Thus, in this alternative embodiment,
the server 116 may not be necessary.

[0019] In yet another embodiment, three different computing devices are
used. In this case, a first computing device processes the images as described
above and a second computing device displays the images as described above.
A third computing device then performs computations that judge the similarity of
the colors.

[0020] FIG. 2 is a flow diagram illustrating one embodiment of a method 200
for evaluating a color sample, according to one embodiment of the present
invention. The method 200 may be implemented, for example, in conjunction
with the system 100 illustrated in FIG. 1. The method 200 is not limited to
implementation with the configuration iliustrated in FIG. 1, however, and may be
implemented in conjunction with systems whose configurations differ from the
system 100.

[0021} The method 200 is implemented in step 202 and proceeds to step
204, where the settings of the system 100 are prepared for image capture. In
particular, the sample to be evaluated and the calibration strip are positioned on
the pedestal 112 of the imaging booth 102. One or more of the light sources
110 also is selected to illuminate the sampie. In one embodiment, a sequence
by which each selected light source 110 illuminates the sample one-by-one is
specified. In addition, the digital camera 114 is positioned such that the sample
and the calibration strip are within its field of view, and the gray card is used to
calibrate the digital camera 114 for light intensity non-uniformity in the imaging
plane.

[0022] In step 206, the digital camera 114 captures one or more images of
the sample and the calibration strip. Any given one of the captured images will
display both the sample and the calibration strip. As discussed above, multiple
images under different reference illuminants may be captured. Imaging under

multiple reference illuminants allows color capture from samples that cannot be



WO 2012/047805 PCT/US2011/054620

measured using a spectrophotometer (as a spectrophotometer has too big an
aperture to measure from small elements of a multicolored sampie).

[0023] In step 208, the first computing device 104 corrects the captured
images for light non-uniformity, in accordance with the gray card. Then, in step
210, the first computing device calibrates the color of the captured images, in
accordance with the calibration strip, to produce color calibrated output images.
In one embodiment, the first computing device 104 operates on the captured
images in the RAW image file format.

[0024] In step 212, the color calibrated output images and/or meta data
related to the sample is stored. In one embodiment, the output images and
data are stored locally on the first computing device 104. In another
embodiment, the output images and data are delivered by the first computing
device 104 over a network to the server 116 for remote storage.

[0025] In step 214, the color calibrated output images are visually reviewed
for approval. In one embodiment, review of the color calibrated output images
involves retrieving the output images over the network and displaying thenoutput
images by the second computing device 106. Alternatively, in the non-
distributed embodiment, the output images may be displayed on the first
computing device 104. In one embodiment, images of multiple samples may be
viewed at once on the display. In particular, visual review is based on the
camera RGB values of the color calibrated output images. Visual review is
facilitated by calibrating the screen color of the display using an International
Color Consortium (ICC) profile created by the screen color calibration device
118.

[0026] In step 216, the color calibrated output images are numerically
reviewed. In particular, the second computing device 106 (or first computing
device 104) executes a program that calculates the difference in color and
appearance between a pair of images (e.g., an image of a standard sample and
an image of a batch sample). Specifically, all pixels of a given color in one of
the images (e.g., the image of the batch sample) are compared to all pixels of
the most similar color in the other image (e.g., the image of the standard
sample). This comparison includes converting the camera RGB values of the

captured images to XYZ tristimulus values. One technique for performing this
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compariéon is discussed in further detail in below. Thus, display and review on
the second computing device 106 allows for review and approval of samples
based on remotely captured images.

[0027] The method 200 terminates in step 218.

[0028] The method 200 allows remote parties to verify color consistency
between a standard sample and a set of batch samples, based on image
comparison. The image comparison visually and numerically compares the
colors of the standard sample and the batch samples. In this way, color
consistency can be assured without the need to ship physical samples, and the
production history for the color products can be archived for future reference.
[0029] As discussed above in connection with step 208, the first computing
device 104 corrects the captured images for light non-uniformity, using a gray
card. This process is well-known and involves scaling each pixel intensity to the
mean pixel intensity in every image plane (R, G, B for each camera illuminant),
image-by-image.

[0030] For example, let P be any one of the camera R, G, B image channels
for any of the plurality of camera illuminants. In addition, let P(i, j) be the ij pixel
of the P image in the presence of test colors, and Pq(i, j) be the ij pixe! of the P
image in the presence of the gray card. Then, for each of the nine P channels,
the following steps are performed.

[0031} First, the image Py(i, j) and its mean Ppean is acquired for all i,j. Next,
a correction array C(i, |} = Pmean / Poi, j) is constructed. Then, the test color
image P(i, j) is acquired. The corrected P image Pgon{i, j} = P(i, j)* C(i, j) is then
constructed.

[0032] As discussed above, the present invention aliows images of samples
to be color calibrated based on multiple images of the samples captured under
different reference illumination conditions. In one embodiment, this calibration
involves estimating the XYZ tristimuius values of a sample’s reflectance under
three illuminants, from the RGB camera values and from the RGB camera
values of a simultaneously-imaged chart of calibration samples. These
calibration samples together comprise a calibration chart. These operations are
performed, for example, in accordance with step 216 of the method 200. In one

embodiment, the tristimulus values of the reflectance under the three reference
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Hluminants (column 9-vector r) are estimated from the reflectance’s measured
camera RGB values under the same three illuminants (column 9-vector d) in
conjunction with a number K of simultaneously acquired calibration samples
whose pre-measured reflectance spectra are used to compute tristimulus values
that are stored in a database.

[0033] The calibration values in this case comprise a 9 x K matrix D of
camera values from the calibration chart and a 9 x K matrix Ry of tristimulus
values from the same calibration chart, where K is the number of reflectances.
For example, a color chart having K = 24 reflectances may be used. The matrix
D from the calibration chart is measured by the camera under the same
illuminants, and at the same times, as is an image of test reflectances, and the
matrix Rt is pre-computed from the reflectance values pre-measured from the
calibration chart, in conjunction with color matching functions and three
reference-illuminant spectra.

[0034] To calibrate, a 9 x 9 matrix M and an offset vector b are computed so
as to estimate the tristimulus 9-vector r of any test reflectance. The matrix M
and offset vector b map (as closely as possible) all of the database camera

value 9-vectors to corresponding tristimulus 9-vectors as follows:
Rr=MD+b (EQN. 1)

[0035] EQN. 1 may be represented as a homogeneous equation as:

RT = MADA (EQN 2)

where My = [M b] is the 9 x 10 matrix comprising M right-augmented by the
column vector b, and Da = [D’ 177 is the 10 x 9 matrix comprising D augmented
from the bottom by a row K-vector 1 of 1's. Here, D’ is the transpose of D. To

estimate M,, the following least-square approximation is used:

Ma = Ry pinv(Da) = RrDa’ (DaDA)” (EQN. 3)
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[0036] In an alternative embodiment, a 3 x K matrix stores the data for each
iluminant handled separately. The 3 x 3 calibration matrix M is calculated
separately for each illuminant, and each image is corrected using the
corresponding M matrix.

[0037]) Once calibration is performed as set forth above, a new tristimulus 9-
vector r, is computed for each pixel from its measured camera 10-vector da (the

column vector d extended by 1 in the tenth component), as:
ra=MaDa (EQN. 4)

[0038] After retrieving the required sets of tristimulus values, one can convert
the XYZ values to screen RGB values using conventional color management
techniques based on International Color Consortium (ICC) profiles. For
example, the techniques described by Morovic in “Color Gamut Mapping”
(Colour Engineering: Achieving Device Independent Colour, Chapter 13, pp.
297-317, Wiley 2002) may be used. These steps result in a complete
transformation between camera values under three illuminants and displayed
tristimulus values under another three illuminants.

[0039] In one embodiment of the above, the number of calibration database
reflectances is K = 24. This represents the number of color samples used for
calibration. In practice, one may have more than twenty-four samples. In one
embodiment, the reflectance values fall in a range from zero to cne.

[0040] r is a column @-vector, where r(1) is the R value of reflectance under
camera illuminant 1; r(2) is the G value of reflectance under camera illuminant
1; ...; and r(9) is the B value of reflectance under camera illuminant 3.

{0041} da is a column 10-vector, where da(1) is the X value of reflectance
under display illuminant 1; da(2) is the Y value of reflectance under display
illuminant 1; ...; da(9) the Z value of reflectance under display illuminant 3; and
da(10) = 1.

[0042] Rt is a 9 x 24 matrix, where Ry(1,1) is the R value of reflectance 1
under camera illuminant 1; Rt(1,2) is the R value of reflectance 2 under camera
illuminant 1; Ry{2,1) is the G value of reflectance 1 under camera illuminant 1;

and Rr(2,2) is the G value of reflectance 2 under camera illuminant 1.
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[0043] Da is a 9 x 24 matrix, where Da(1,1) is the X value of reflectance 1
under display illuminant 1; Da(1,2) is the X value of reflectance 2 under display
iluminant 1; Da(2,1) is the Y value of reflectance 1 under display illuminant 1;
Da(2,2) is the Y value of reflectance 2 under display illuminant 1; ...; Da(9,24) is
the Z value of reflectance 3 under display illuminant 3; Da(10,1) = 1; ...; and
Da(10,24) = 1. '

[0044] Thus, multiple digital spectra of known illuminants are used, in
conjunction with the acquired image RGB values, to compute the XYZ
tristimulus values for a sample under the known iHuminants. Then, if one
wishes to display the same colors that are seen in the imaging booth 102, the
spectra of the real illuminants (i.e., the illuminants under which the images of
the sample are captured) are adjusted to match the digital spectra used to
compute the XYZ tristimulus values.

[0045] Given an image of a standard sample and a batch sample that
comprises a plurality of colored pixels, the methods described below predict the
visual color match between the standard sample and the batch sample. The
approach in this case is as follows.

[0046] First, the region to be compared is excerpted from the baich sample
images and from the standard sample image. Optionally, the images are
quantized into a smaller number of colors (e.g., 256 colors). Quantization may
be performed using, for example, the methods described Wu in “Efficient
Statistical Computations for Optimal Color Quantization” (Graphics Gems, vol.
Il, p.126-133) or By Dekker in “Kohonen Neural Networks for Optimal Color
Quantization” (Network Computation in Neural Systems, Vol. 5, No. 3, Institute
of Physics Publishing, 1994}). In one embodiment, the standard and batch
images are quantized separately, but it is also possible to quantize the standard
and the batch images to a common palette. The camera RGB values for the
selected image regions are then converted to tristimulus XYZ values under
each light using the (10 x 9) M matrix, described above.

[0047] For each pixel color in the standard image, the color difference
relative to every color in the batch image is computed. In one embodiment, the
color difference for a color pair is computed as AE, which describes the distance

between two colors in color space. AE for the closest color in the batch image
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is weighted by the pixel frequency of the color in the standard image. The
weighted sum over all colors in the standard image provides a color difference
measure that correlates with a visual comparison between the standard image
and the batch image. The same batch image color may be mapped to multiple
standard image colors.

[0048] Limiting the comparison to the closest colors automatically disregards
colors in the batch image that are not present in the standard image (and are
therefore considered not relevant to the visual comparison). Alternative
embodiments of the image difference calculation include techniques based on
image color histogram differences. The disclosed method essentially “looks for
the standard in the batch” and is not impacted by differences in relative
amounts of each color between the standard image and the batch image. This
is a desirable characteristic when the goal is to evaluate color consistency
between a pair of samples. The present invention especially useful when, for
example, comparing a flat fabric standard swatch having a relatively narrow
distribution of pixel colors of a uniform color with a fabric batch that is highly
textured and therefore has a much wider distribution of pixel colors. The
present invention is also useful when, for example, comparing pairs having
printed or patterned regions of distinctly different colors.

[0049] Additionally, the percent of standard sample colors (weighted by total
pixel count for the standard sample color) that can be matched to any color in
the batch samples {e.g., within a tolerance of AE) is identified. The percent of
the batch colors that are matched to the standard colors is also identified.
These numbers are correlated, but are also individual outputs.

[0050] Thus, the present invention evaluates the color difference between a
first image (e.g., of a standard sample) and a second image (e.g., a batch
sample) by comparing all of the pixels of one color in the first image with all of
the pixels of the most similar color in the second image

[0051] FIG. 3 is a high-level block diagram of the present invention that is
implemented using a general purpose computing device 300. In one
embodiment, a general purpose computing device 300 comprises a processor
302, a memory 304, an evaluation module 305 and various input/output (I/O)

devices 306 such as a display, a keyboard, a mouse, a stylus, a wireless

11
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network access card, a colorimeter, and the like. In one embodiment, at least
one I/O device is a storage device (e.g., a disk drive, an optical disk drive, a
floppy disk drive). It should be understood that the evaluation module 305 can
be implemented as a physical device or subsystem that is coupled to a

processor through a communication channel.

[0052] Alternatively, as discussed above, the evaluation module 305 can be
represented by one or more software applications (or even a combination of
software and hardware, e.g., using Application Specific Integrated Circuits
(ASIC)), where the software is loaded from a storage medium (e.g., O devices
306) and operated by the processor 302 in the memory 304 of the general
purpose computing device 300. Thus, in one embodiment, the evaluation
module 305 for evaluating the color of an image as described herein with
reference to the preceding Figures, can be stored on a computer readable

storage device (e.g., RAM, magnetic or optical drive or diskette, and the like).

[0053] It should be noted that although not explicitly specified, one or more
steps of the methods described herein may include a storing, displaying and/or
outputting step as required for a particular application. In other words, any data,
records, fields, and/or intermediate results discussed in the methods can be
stored, displayed, and/or outputted to another device as required for a particular
application. Furthermore, steps or blocks in the accompanying Figures that
recite a determining operation or involve a decision, do not necessarily require
that both branches of the determining operation be practiced. In other words,
one of the branches of the determining operation can be deemed as an optional

step.

[0054] While the foregoing is directed to embodiments of the present
invention, other and further embodiments of the invention may be devised
without departing from the basic scope thereof. Various embodiments
presented herein, or portions thereof, may be combined to create further
embodiments. Furthermore, terms such as top, side, bottom, front, back, and
the like are relative or positional terms and are used with respect to the
exemplary embodiments illustrated in the Figures, and as such these terms may

be interchangeable.

12
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What is claimed is:
1. A method for evaluating a color of a sample, comprising:

acquiring a plurality of images of the sample, where each of the plurality
of images is acquired under a different one of a plurality of illuminants and each
of the plurality of images contains a set of samples of known spectral

reflectance; and

color calibrating the plurality of images using the set of samples to
estimate a plurality of tristimulus values of the sample under the plurality of
illuminants, wherein the color calibrating results in a plurality of color calibrated

images each comprising a plurality of pixels.

2. The method of claim 1, further comprising:

evaluating a color of the sample relative to a standard.

3. The method of claim 2, wherein the evaluating comprises:

comparing at least one of the plurality of color calibrated images to an

image of the standard.

4, The method of claim 3, wherein the comparing comprises:

comparing all pixels that are of a first color in the image of the standard
to all of the plurality of pixels of a second color in the at least one of the plurality
of color calibrated images, wherein the second color is a color in the at least
one of the plurality of color calibrated images that is most simitar to the first

color in the image of the standard.

5. The method of claim 4, further comprising:

converting a set of RGB values describing a reflectance of the sample to

a set of XYZ tristimulus values.

13
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6. The method of claim 5, wherein the converting comprises:

computing the set of XYZ tristimulus values for the sample under a
known illuminant, wherein the computing is performed in accordance with the

set of RGB values and a digital spectrum of the known illuminant.

7. The method of claim 6, further comprising:

matching a spectrum of at least one of the plurality of illuminants to the

digital spectra.

8. The method of claim 1, further comprising:

storing the plurality of color calibrated images on a remote storage

device.

9. The method of claim 1, wherein at least one of the plurality of illuminants

is a daylight illuminant.

10. The method of claim 1, wherein at least one of the plurality of illuminants

is a tungsten illuminant.

11.  The method of claim 1, wherein at least one of the plurality of illuminants

is a fluorescent illuminant.

12. The method of claim 1, wherein the acquiring is performed on a first
computing device, and the color calibrating is performed on a second computing

device that is remote relative to the first computing device.
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13. A computer readable storage device containing an executable program
for evaluating a color of a sample, where the program performs steps

comprising:

acquiring a plurality of images of the sample, where each of the plurality
of images is acquired under a different one of a plurality of illuminants and each
of the plurality of images contains a set of samples of known spectral

reflectance; and

color calibrating the plurality of images using the set of samples to
estimate a plurality of tristimulus values of the sample under the plurality of
illuminants, wherein the color calibrating results in a plurality of color calibrated

images each comprising a plurality of pixels.

14. A method for evaluating a color of a sample, the method comprising:

acquiring a color calibrated image of the sample, the color calibrated

image comprising a plurality of pixels; and

comparing all pixels that are of a first color in an image of a standard to
all of the plurality of pixels that are of a second color, wherein the second color
is a color in the image of the sample that is most similar to the first color in the

image of the sample.

15. A system for evaluating a color of a sample, comprising:
an imaging booth for capturing an image of a sample;

a first computing device coupled to the imaging booth for producing a
color calibrated image from the image, where the color calibrated image

comprises a plurality of pixels;

a server coupled to the first computing device for storing the color

calibrated image; and

15
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a second computing device coupled to the server, for comparing all
pixels that are of a first color in an image of a standard to all of the plurality of
pixels of a second color in the image of a sample, wherein the second color is a
color in the image of the sample that is most similar to the first color in the

image of the standard.

16.  The system of claim 15, wherein the imaging booth comprises:
a camera positioned to capture the image of the sample;

a sample positioning mechanism for supporting the sample and a sample

port in a field of view of the camera; and

a plurality of light sources positioned so as {o be incident on the sample,

each of the plurality of light sources providing a different reference illuminant.

17.  The system of claim 16, wherein the plurality of light sources includes a

source of a daylight illuminant.

18.  The system of claim 16, wherein the plurality of light sources includes a

source of a tungsten illuminant.

19.  The system of claim 16, wherein the plurality of light sources includes a

source of a fluorescent illuminant.

20.  The system of claim 15, further comprising:

a third computing device for displaying the color calibrated image.
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