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WOOD TRACKING BY IDENTIFICATION OF SURFACE CHARACTERISTICS

Abstract of the Disclosure

A “Woodprint™ characterization and identification technique employs
cameras (16), lighting (14), camera interface hardware (18), a computer (20), and/or
image processing software to collect and analyze surface characteristics of pieces of
wood (8) to track them through an automated production process in real-time with
information that is specific to each wood piece (8), such as what machining is
required, its value, and/or its destination. When a wood piece (8) reaches a point in
the production process where a decision is required, its unique identity is used to
retrieve appropriate information previously determined and assigned to the wood
piece (8).
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WOOD TRACKING BY IDENTIFICATION OF SURFACE CHARACTERISTICS

Technical Field |
[0003] The present invention relates generally to lumber or board tracking and,
more particularly, to using unique surface characteristics ("“woodprints”) for
'identifying individual pieces of wood and tracking them through an automated
production process with real-time information specific to the pieces or wood such
that when a board or other piece of wood reaches a machining operation or decision
point, its predetermined characteristic information, such as processing information,

value, or destination, can be automatically retrieved to influence how such piece of

wood is handled.

Background of the Invention
[0004] Conventional board tracking devices rely on spraying or imprinting an
identification code or symbol on each board and reading the information with a
sensor after the board has traveled to a subsequent machining station. The printing

and reading processes are preferably performed at high speeds and may be
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physically difficult to reliably achieve because of the dynamic nature of the boards
themseilves.

[0005] If wood is missing from an area where the board is printed, the board’s
identification code can be illegible to the reader. A twisted board, or one with bark or
some other defect in the print zone, can also be difficult to reliably mark and identify.
A board may also turn over during travel between stations, requiring that either both
sides be marked, or both sides be read.

[0006] Another problem with conventional board tracking devices is that printing
systems contain print media, such as ink or paint, and moving parts that contribute to
decreasing reliability. Ink jet and/or spray systems require constant maintenance to
keep them working properly. Most require compressed air, are adversely affected by
temperature extremes, and are very sensitive to variations in the ink or paint quality.
For example, unless the print media is continually circulated when the system is not
In use, the print media can freeze, its pigments can separate, and print nozzles can
become plugged. The required maintenance can cost thousands of dollars annually
beyond the cost of replacement parts and the original equipment itself. When a
marking system fails, the failure is typically not detected until the boards reach the
next machine center, potentially meaning that a hundred or more boards must be
physically removed from the process and either reintroduced ahead of the marking
system or manually processed.

[0007]
appearance-grade products destined for exposed applications. Boards typically

Marking boards with ink or paint can reduce their value as potential

processed through a marking system have been previously planed and are ready for
Immediate use. Some uses include wall paneling or exposed ceilings and floors. |f
the final finish will be a non-opaque stain or paint, any non-natural marking will not
be acceptable. Furthermore, print media typically contain or are mixed with a
fluorescent pigment or dye to provide better contrast to improve mark-reading
performance. Such pigments may be invisible in normal lighting, but the marks will
glow under an ultraviolet (black light) source. The ultraviolet marks are, therefore,
unacceptable for applications where the surfaces are inadvertently illuminated by a
lighting source that emits UV light.

[0008] While existing board tracking systems may be suitable for some specific
purposes, a more universal method for tracking boards, regardless of their condition
or their final application, is desirable.




10

15

20

25

CA 02494012 2010-01-22

"71073-163

Summary of the Invention

[0009] An object of some embodiments of the present invention is,

therefore, to provide an improved wood tracking system.

[0010] Another object of some embodiments of the invention is to provide a
surface “woodprinting™” system and/or method for tracking pieces of wood.

10011] An alternative object of some embodiments of the invention is to
employ such woodprinting™ capabilities to identify individual pieces of wood using
their unique inherent surface characteristics in order to track the wood in real-time

through an automated production process.

[0012] Another alternative object of some embodiments of the invention is
to provide woodprinting™ capabilities that identify each piece of wood by its

unique grain characteristics.

[0013] A further alternative object of some embodiments of the invention is
to provide woodprinting™ capabilities that do not mark or modify the wood surface

or its appearance.

10014]
IS to provide woodprinting™ capabilities that can be used on any face, edge,

Yet another alternative object of some embodiments of the invention

and/or end of surfaced or unsurfaced wood of any moisture content.

[0015] Still another alternative object of some embodiments of the invention
IS to provide woodprinting™ capabilities that are relatively insensitive to lighting or

positioning differences during image data collection.

[0016]} As with human fingerprints and snhowflakes, wood cells in trees
develop in distinct manners as a result of many factors, including genetics,
environment, weather, soil, local life form effects, and many other contributing
elements. The surface of an individual board or piece of wood can also be cut
from a tree in an infinite number of angles. Accordingly, the resulting exposed

grain structure of any given surface will be unique when compared to that of any
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other surface of any other piece of wood. Even boards taken from the same tree
and cut at similar angles will have unique grain structures. Furthermore, if the
piece of wood is twisted, has some bark, is missing wood, has other physical
shape defects such as wane defects, or has other defects such as knots or pitch,
within an area of interest, these features become additional characteristics that
can be used to uniquely identify the piece of wood.

[0017] Some embodiments provide a surface “Boardprint™” or
“Woodprint™" identification technique for identifying individual pieces of wood
using their inherent unique surface characteristics to track them in real time
through an automated

3a
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production process. Such embodiments overcome many of the disadvantages of
conventional board tracking devices. The improved tracking technique permits
information specific to a piece of wood, such as proposed machining information,
value, destination, and/or other characteristics, to follow the individual piece of wood
through an automated process. Thus, when the piece of wood reaches a point in a
production process where a decision is desired, the unique identity of the wood piece
can be used to retrieve the appropriate information already associated with it.

[0018] Some embodiments employ cameras, lighting, image acquisition
hardware, a computer, and image processing software. Preferred processing
algorithms reduce effects from random or varying angles of image collection and/or
from fluctuations of lighting sources. Statistical parameters, conceptually similar to
those used for human fingerprint matching technology, provide a certain amount of
flexibility in the analytical process. So, as long as a piece of wood meets desired
statistical requirements for a match, the wood piece is considered to be a match. An
adjustable tolerance for accuracy can be employed to compensate for fluctuations in
the readability of wood grain characteristics, for example. These techniques are
uniike conventional wood tracking techniques that attempt to find an exact match for
a printed code.

[0019] Preferred image processing techniques of the invention can be used on
any face, edge, and/or end of surfaced or unsurfaced wood of any moisture content,
such as green (uncured) or dry wood, and the image processing techniques are
relatively insensitive to defects on the surfaces. So, unlike convention tracking
systems which cannot track relatively green or unsurfaced boards that do not
facilitate the use of print media, embodiments of a woodprint™ identification system
can be used anywhere in a sawmill and/or planer mill process where a wood surface
can be imaged and is not limited to use with dry, surfaced boards. Furthermore,
since printing or stamping the boards can be eliminated and the image acquisition
sensors do not need to contact the wood surfaces, the wood is left with no additional
markings that could degrade its appearance or adversely affect its value or
merchantability.

[0020] Preferred embodiments of the invention can be employed to work in
conjunction with an automated wood grading system. Because the scanning and
computer processing associated with automated board or lumber grading may take
several seconds, boards may travel away from the scanner and be mixed in with
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subsequent or previous boards without adversely affecting throughput. The
woodprint™ jdentification techniques therefore facilitate automated matching of grade
solutions with correct boards or other pieces of wood when they are presented later

for further machining.

[0021] Some preferred embodiments can be implemented without adding
appreciably to the production cost of wood products. Some preferred embodiments
employ no moving parts and utilize components that are easily protected from
temperature fluctuation and other environmental concerns. Some preferred
embodiments can also utilize existing scanning hardware for initial image acquisition
In existing systems, merely adding a software element to the scanning system. Off-
the-shelf lighting, cameras, and/or other sensing hardware can be added downstream
at various points in the automated production system. The expected maintenance,
such as keeping the camera viewing ports free from debris, and occasionally
replacing of light sources, would also be minimal. Accordingly, the preferred surface

woodprinting ™ techniques for tracking wood pieces is highly reliable.

[0021a] An aspect of the invention relates to a method for tracking multiple
pieces of wood, each piece of wood having multiple surfaces and at least an end
surface, while inhibiting misidentification of wood having received an alteration to its
end surface, the method comprising: obtaining first inherent wood characteristic
Information from at least a first portion of at least a first surface of each of the multiple
pieces of wood as they move through a first station, the multiple pieces of wood
Including a first piece of wood, and the first portion including a first area that is
located away from the end surface that is positioned to be altered in its appearance
at a time after the first inherent wood characteristic information is obtained;
converting at least some of the first inherent wood characteristic information
concerning the first area for each of the multiple pieces of wood into respective first
data packets; obtaining, based on a location of the end surface, second inherent

wood characteristic information from at least the first area of each of the multiple

pleces of wood as they move through a second station so that the second inherent

wood characteristic information is free from effects of alterations; converting at least
5
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some of the second inherent wood characteristic information for the multiple pieces of

wood into respective second data packets; and comparing a second data packet to a
first data packet of the first piece of wood to make a first evaluation of similarity
between the first and second data packets to determine whether a given piece of

wood that has traveled through the second station is the first piece of wood.

[0021Db] Another aspect of the invention relates to a method for tracking multiple
pieces of wood, each piece of wood having multiple surfaces, by providing
unconstricted transport of wood pieces undergoing surface characterization, the
method comprising: moving multiple pieces of wood in a first direction of travel
through a first station in a manner that permits the multiple pieces of wood to move in
a direction transverse to the first direction of travel; obtaining first inherent wood
characteristic information from at least a first portion of at least a first surface of each
of the multiple pieces of wood as they move through the first station while
automatically compensating for movement in the direction transverse to the first
direction of travel, the multiple pieces of wood including a first piece of wood:
converting at least some of the first inherent wood characteristic information
concerning the first portion for each of the multiple pieces of wood into respective first
data packets; obtaining second inherent wood characteristic information from at least
the first portion of each of the multiple pieces of wood, including the first piece of
wood, as they move through a second station; converting at least some of the second
iInherent wood characteristic information for the multiple pieces of wood into
respective second data packets; and comparing a second data packet to a first data
packet of the first piece of wood to make a first evaluation of similarity between the
first and second data packets to determine whether a given piece of wood that has

traveled through the second station is the first piece of wood.

[0022] Additional objects and advantages of this invention will be apparent
from the following detailed description of preferred embodiments, which proceeds

with reference to the accompanying drawings.

d5a
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Brief Description of the Drawings

[0023] FIG. 1 1s a pictorial representation of exemplary desirable components

of one embodiment of a wood tracking system.

[0024] FIG. 2 is a flow diagram of an overview of exemplary wood tracking

O events that occur in one embodiment of a wood tracking system.

[0025] FIG. 3 is a flow diagram detailing exemplary image analysis executed at

an exemplary characterization station in one embodiment of a wood tracking system.

[0026] FIG. 4 is a flow diagram detailing exemplary image analysis executed at

an exemplary identification station in one embodiment of a wood tracking system.

10 Detailed Description of Preferred Embodiments

[0027] FIG. 1 shows an exemplary wood tracking system 10 for characterizing
and identifying pieces of wood 8 in a production line as they move in a direction of

travel 6 through an automated production process to downstream processing centers

and/or sorting bins. FIGS. 2-4 show general and specific flow diagrams of wood

ob
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tracking events and analysis employed in some embodiments of wood tracking
system 10.

[0028] With reference to FIG. 1, a characterization station 12 captures and
processes an image of at least a portion of each piece of wood 8 and then
coordinates the tracking of the specific pieces of wood 8 with the automated
processing system (APS) as they travel to common or different machining centers for
the sawing, grading, and/or subsequent sorting. The pieces of wood 8 can flip over
during travel or arrive at the machining centers out of sequence. A downstream
identification station 42 at one or more of such machining centers eventually
captures and processes the images of most, if not all, the pieces of wood 8. Then
image data obtained at the identification station 42 is compared to image data
obtained at the station 12 to identify each piece of wood 8 and report its location to
the automated processing system. Each piece of wood 8 is then processed or
sorted according to wood piece-specific instructions from the automated process
system. After being processed, each piece of wood 8 may be re-characterized by
the original characterization station 12 or another characterization station 12 that is
downstream of such processing or machining center.

[0029] General embodiments of a wood tracking system 10 include one or more
wood characterization stations 12 having one or more light sources 14a and 14b
(generically light sources 14) and corresponding image acquisition hardware 16a
and 16b (generically image acquisition hardware 16) that are directly or indirectly in
communication with camera interface hardware 18 that is in turn directly or indirectly
in communication with a computer 20. A typical wood characterization station 12
also preferably employs image processing software 22 having customized image
processing algorithms designed to analyze video, frame, or other captured image
information using various data manipulation techniques described later in detail.
[0030] Enough unique inherent information can be extracted from a small surface
portion of each piece of wood 8 as it travels at a high speed through the
characterization station 12 to successfully characterize each piece of wood 8
uniquely. Typically, pieces of wood 8 travel (with their major axis in the direction of
travel 6 (lineally)) through station 12 at speeds of about 91 to 915 meters (300 to
3000 feet) per minute and more typically at speeds of at least 366 meters (1200 feet)
per minute and less than about 610 meters (2000 feet) per minute. These speeds

can be increased when the pieces of wood 8 are more homogeneous and when
6
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material handling challenges are solved. In some embodiments, a roughly 61-
centimeter (two-foot) surface portion that is about one meter (three feet) from the
end of each piece of wood 8 is imaged at station 12. In other embodiments, two or
more portions are collected from one or more surfaces of each piece of wood 8 that
IS Imaged at station 12.

[0031] For convenience, the terms “wood,” “pieces of wood,” or “wood pieces”
may refer to pieces of timber, lumber, logs, flitches, cants, beams, posts, studs,
boards, veneer, and/or any other pieces of wood smaller than the whole tree and
larger than sawdust. The surfaces characterized may be one or more faces 30,
sides 32, and/or ends 34 of the wood pieces 8. Skilled persons will appreciate that
curved or intersecting surfaces may additionally or alternatively be characterized at
station 12. Skilled persons will appreciate that the minimum area that is imaged
should be an amount of area sufficient to yield a unique recognizable vector file or
iImage packet as later described. Skilled persons will further appreciate that the
minimum area imaged may be different for different wood products or may be
different for wood pieces having different shapes or sizes. Alternatively, any
additional amount of any wood surface can be imaged, including up to all portions of
all surfaces. Skilled persons will also note that any combination of surfaces may
also be imaged.

[0032] In some embodiments, the image captured comprises a high contrast
image of grain and/or growth ring characteristics of a portion of each piece of wood
8. These features are relatively insensitive to differences in lighting, position, and
contrast, but other wood characteristics such as tracheid patterns and/or wood
defects could be used for identification purposes. Such defects might include, but
are not limited to, physical shape defects such as cups, crooks, cracks, knots, wane,
twists, bark, and/or pitch.

[0033] In some embodiments, images or other inherent wood characteristic
information is obtained from at least two or more discrete portions of each piece of
wood 8 at station 12. This additional information could be useful when a piece of
wood 8 is cut into shorter pieces, some or all of which could then be identified
downstream. This additional information could also be used as additional data set
for a given piece of wood 8 to increase identification accuracy downstream.

[0034] Although for some embodiments only one or more portions of one surface

of each piece of wood 8 may be used for analysis at the characterization station 12,
7
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images of one or more corresponding portions of opposite surfaces can also be
collected at the characterization station 12 so that opposite surface information is
available in the event that a piece of wood 8 is turned over in transit between the
characterization station 12 and the identification station 42. Accordingly, the image
acquisition hardware 16 and the respective lighting sources 14 can be mounted in
such a way as to obtain images of portions of opposing surfaces of each piece of
wood 8 as it travels through station 12.

[0035] Appropriate gaps may be provided between conveyor belts or other wood
conveying means to permit viewing of the bottom surface of each piece of wood 8.
In aiternative embodiments, the sets of image acquisition hardware 16 and light
sources 14 may be symmetrically positioned about opposite surfaces of wood pieces
8 to characterize opposite surfaces simultaneously or may be positioned at a
distance so that the opposite surfaces are characterized sequentially. Alternatively,
pieces of wood 8 may intentionally be flipped over and re-sent through a station 12
having only a single set of lighting sources 14 and image acquisition hardware 16 to
characterize an opposite surface, or the image acquisition hardware 16 could be
moved such that its field of view changed to include the opposite surface. However,
such embodiments might entail additional safeguards to ensure that images of the
opposite surfaces are properly correlated with each other. The images or image
data collected at station 12 from some or all of the surfaces may be communicated
to the same computer 20 for processing.

[0036] In one embodiment, process blocks 110a and 110b employ image
acquisition hardware 16 that comprises one or more monochrome array cameras
with at least about a 1024 x 768 pixel addressability. Such camera(s) can be
configured to be electronically shuttered up to at about at least 7.5 frames/second
with an adjustable integration time to include 500 microseconds, or such camera(s)
can be configured to work with a strobed light source 14 having similar strobe
frequencies. In an exemplary embodiment, a camera is positioned a minimum of 61
centimeters (24 inches) over a face 30 of a target piece of wood 8 to provide a
minimum field of view of 36 centimeters by 61 centimeters (14 inches by 24 inches)
using a fixed lens. Skilled persons will appreciate that the camera speed and
resolution can vary depending on the speed of the production line and the maximum
field of view desired.
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[0037] In some circumstances, the area toward' the end of a piece of wood 8 may
not be ideally suited for identification analysis because it may be used by operators
to add additional information using crayon marks, for example. If so, the crayon
marks could possibly reduce the success of identification analysis as such marks
could mask significant surface characteristics on the piece of wood 8 and/or this area
may be cut before the piece of wood 8 arrives at station 42. Therefore, even though
an image or characteristic information can be obtained from any location along the
surfaces of the piece of wood 8, some embodiments are configured at both stations
12 and 42 to use an area at least 30 cm (12 inches) away from the end of the piece
of wood 8, more preferably at least 61 cm (24 inches), and most preferably at least
760 cm (30 inches).

[0038] in some embodiments, however, it can be more advantageous to take
images at the station 42 that include the end of the board. The video processing
software can then reposition the image with respect to the end of the board. In
particular embodiments, the camera and lighting are configured to take an image of
the top face of the board at the even-ended end (the lumber line end) and include in
the image approximately one inch past the end of the board. The image is then
analyzed to not only find the edges of the board, but to also find the end of the
board, and then the part of the image that is actually used for image data analysis
starts at a specific distance from the end of the board, such as ten centimeters (four
inches), to allow for aberrations in the even-ending process.

[0039] For most embodiments, it is desirable that the positions of images taken at
both of che stations 12 and 42 match with each other since most techniques used for
matching work better when the relative locations of the characteristics are known.
Accordingly, it is desirable for the position of the piece of wood to be accurately
located at both stations 12 and 42.

[0040] In some embodiments, the piece of wood 8 may be traveling lineally at
station- 12, so an encoder can be used to track the position of the piece of wood 8
and reference the image(s) taken. The pieces of wood 8 are preferably allowed to
“float” through station 12 such that they can move sideways (transverse) a several
inches, but create no image processing difficulties since such movement is
accommodated in a normalization process described later. At station 42, the pieces
of woody;'"",':""\';d may be traveling in the transverse direction, and the piece of wood 8 can

be brought against a fence using even-ending rolls. Their position in the width
9
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direction can also be tracked with an encoder, and although the normalization
process described later can account for some movement in this direction, the lineal
position of the board is more preferred, so even-ending rolls and a fence are
employed.

[0041] Selective use of one or more color channels or one or more filters (not
shown) may reduce or eliminate infra-red energy and all visible wavelengths except
green because most wood features of interest provide better visible contrast in green
wavelengths. One or more filters may also be added to reduce or eliminate other
unwanted characteristics of ambient lighting to enhance desirable effects of the light
source(s) 14. The image acquisition hardware 16, and/or any other sensitive
components as appropriate, may be housed in a NEMA 12/13-rated enclosure to
protect it from temperature extremes, dust, and dirt. All of the components described
above are commercially available.

[0042] In an alternative embodiment in which the wood piece 8 is a board, a
Sony'™ XCD-X700 monochrome camera or a color camera is mounted about 1.5
meters (five feet) above the face 30 of the board and is preferably oriented
substantially perpendicularly to the board. The camera is instalied in a NEMA 12/13-
rated enclosure. The camera has a Fire Wire serial communication port, and a Fire
Wire extender converts the Fire Wire signal to propagate through a fiber optic
medium over a longer distance than the camera’s own circuitry permits. Filtering
can be implemented to allow only green energy to reach the camera or selective
channels can be used if wavelength discrimination is desirable, and the background
behind the board is preferably dark to facilitate image collection. In some

embodiments, the image acquisition cycle is triggered by a photoeye proximity

transition sensor that detects the end 34 or edge 32 of the board, depending on the
orientation of the board as it travels through the station 12. Software running in the
camera automatically transmits the acquired data to a personal computer 20.

[0043] In another embodiment, one or more color high-speed line scan cameras,
having separate red, blue, and green channels, capture an image from a surface as
a piece of wood 8 moves through station 12. The image data from the green
channel is pieced back together to create an array image for subsequent analysis
with software tools. In another embodiment, a single 768 x 768 pixel monochrome
camera IS employed to capture an image of an end 34 of a piece of wood 8 in a field

of view of approximately 36 centimeters by 36 centimeters (14 inches by 14 inches)
10 '
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at the first station 12. It is desirable to capture a high quality image, but the
particular method of image data capture employed may not be particularly relevant.
Skilled persons will appreciate that successful image collection is not limited to using
imaging techniques described above and that numerous types of image acquisition
hardware are commercially available and numerous configurations and positions
could be employed. For example, other color or black and white image data may be
obtained, or even radio or other frequency data may be obtained and used for
“image matching.” In addition, since image data can be available from any location
along any surfaces of the piece of wood 8 as described in this embodiment, any or
all portions of the board surface can be used for image matching.

[0044]  Skilled persons will appreciate that image acquisition hardware may take
on many other forms. In one embodiment, photodiodes are employed to capture
inherent characteristic information obtained from exposing the wood pieces 8 to x-
ray radiation. In another embodiment, antennas are employed to capture inherent
characteristic information obtained from exposing the pieces of wood 8 to radio
waves. Skilled persons will also appreciate that that more than one imaging
technique can be used at the same time, combining multiple sensors and/or energy
sources to ultimately improve the success of the image data-matching task.

[0045] Light sources 14 may employ almost any commercially available lighting
equipment or known lighting technique. Desirable light sources 14 provide
wavelengths generally considered to be green light at sufficient energy to
accommodate the integration time necessary to capture well-contrasted images.
Too much light is not likely to be a problem since the camera aperture or integration
time can be adjusted to compensate for excess intensity. Although light sources 14
with reflector and lens systems that project a visible intensity pattern onto a wood
surface can be employed, lighting embodiments that do not project visible intensity
pattern onto a wood surface are generally easier to implement. In one embodiment,
station 12 employs one or more a broad-spectrum lamps, such as commercially
available halogen or Xenon lamps that consume about 1000 Watts of direct current
(DC) power to generate approximately 800 Watts of light energy. The lamp’s self-
contained lens and reflector cast a diffuse light over an approximate area of about 76
centimeters by 76 centimeters (30 inches by 30 inches). The visible energy
produced by such a light source 14 is “white,” including energy in green wavelengths

that is in proportion to the energy in other visible wavelengths.
11
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[0046] In another embodiment where the wood piece 8 is a board, two 1000 Watt
broad spectrum stage lights are mounted about 1.8 meters (six feet) away from the
face 30 of the board, generally in a longitudinal plane of the board that is
perpendicular to the face 30 of the board and generally at 40 degree angle off the
face 30, to reduce reflections and provide a fairly uniform illumination over a 0.6
meters square (two foot square) area of the board face 30. Such lighting and
camera combination can be duplicated as necessary in order to capture more
sections of a board's surface for analysis.

[0047] Skilled persons will appreciate that different lighting techniques can be
employed to accommodate different image acquisition hardware 16. If a line scan
camera is employed, the light source 14 should be bright enough in the green portion
of the visible spectrum, for example, to provide for successful image integration. In
another example, a strobe light source 14 is employed to control the camera'’s
acquisition of the image instead of depending entirely on a camera’s electronic
shutter mode. Such light source should also generate sufficient light in the green
wavelengths of the visible spectrum to acquire a successful image for processing.
Skilled persons will appreciate that green laser or other coherent light sources 14
can be employed and may be preferred when the costs of such embodiments
become comparable to the costs of more typical light sources such as those
discussed above.

[0048] Process blocks 112a and 112b may employ camera interface hardware 18
that preferably resides in a computer 20 and may be a circuit board or card that
captures the resulting image from the image acquisition hardware 16 for analysis in
the computer 20 and that may also control activation of image data acquisition
and/or strobe light timing. Such a circuit board is often referred to as a “frame
grabber,” is commercially available, and may be located in the computer's system
bus. Preferred functions of such card include the capability to properly exercise real-
time imaging functions of the image acquisition hardware 16, capture the resulting
image data, and present the data to the computer 20 for analysis. For some
embodiments, such a card is preferably capable of receiving an external signal to
initiate each image capture, and then triggering the strobe and camera to initiate
Image capture.
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