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METHOD AND APPARATUS FOR CALIBRATING A PROJECTED IMAGE

MANUFACTURING DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of U.S. Provisional Patent Application

61/232,456, filed August 9, 2009, and is incorporated herein by reference.

BACKGROUND

The technical field relates generally to calibrating projected image manufacturing
devices. Projected image manufacturing devices include devices that project an image
onto a photo-curable substrate to create solid objects or layers of solid objects. The
projected images are typically based upon computer files with instructions for the image
to be projected, but are subject to variance according to the physical hardware of the
manufacturing device, including the characteristics of the projector and any downstream
optical components (the optical train) including lenses, prisms, mirrors, and/or other
optical components. In the presently available art, the electronic build file is loaded into
the device and a solid component is manufactured. The component is measured, and
adjustments are made to the electronic build file to create a component having the
proper shape and dimensions. Many presently available techniques are time-
consuming and iterative, and require that separate electronic build files are created for
each manufacturing device. Therefore, further technological developments are

desirable in this area.
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SUMMARY
One embodiment is a unique method for calibrating a projected image
manufacturing device. Further embodiments, forms, objects, features, advantages,
aspects, and benefits shall become apparent from the following description and

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram of a system for calibrating a projected image

manufacturing device.
FIG. 2A is an illustration of an exemplary test image and contrasting image.

FIG. 2B is an illustration of the exemplary test image projected onto the

contrasting image.

FIG. 3A is an illustration of a second exemplary test image and contrasting

image.

FIG. 3B is an illustration of the second exemplary test image projected onto the

contrasting image.
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DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

For the purposes of promoting an understanding of the principles of the
invention, reference will now be made to the embodiments illustrated in the drawings
and specific language will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention is thereby intended, any
alterations and further modifications in the illustrated embodiments, and any further
applications of the principles of the invention as illustrated therein as would normally
occur to one skilled in the art to which the invention relates are contemplated herein.

Fig. 1 illustrates an apparatus 100 including a manufacturing device 102 having a
projector 104 and an optical train 106. The manufacturing device 102 includes a
controller 112 that reads an electronic build file 114 and commands the manufacturing
device 102 to build a first solid component 128 from the electronic build file 114. The
optical train 106 includes any optical devices between the projector 104 and the
manufacturing surface 122, including any lenses, prisms, mirrors, or other optical
devices that change the projected image between the projector 104 and the
manufactured surface 122. The manufacturing device 102 may be any manufacturing
device utilizing a projected image in the manufacturing process, including a stereo-
lithographic device, a device that projects an image into a photo-curable substrate 132
to form layers of a solid component 128, or other device known in the art. The
apparatus 100 further includes an imaging plate 108 having a contrasting image 110
and positioned at a manufacturing position 122 relative to the manufacturing device
102. The manufacturing position 122 includes the position having the same optical

environment relative to the projector 104 and optical train 106 as the manufactured
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component 128, i.e. the position where the image is projected during the manufacturing
process, which is at the same level as the surface of the photo-curable substrate 132
during manufacture.

The apparatus further includes a means for calibrating the projector 104 and/or
the optical train 106 to achieve a proper magnification, skew, and parallelism of a
projected image in relation to the contrasting image 110.

Examples of a means for calibrating include placing the contrasting image 110 at
the manufacturing position 122, projecting a test image onto the contrasting image 110,
and tuning the projector 104 and/or optical train 106 until the test image and the
contrasting image 110 are within sufficient registration. Referencing Fig. 2A, a
contrasting image 110 and a test image 202 are illustrated. The test image 202 is
projected onto the contrasting image 110, and when the test image 202 and contrasting
image 110 are fully registered, with no white areas shown, straight lines along the
edges, and having the same horizontal and vertical extent, the projector 104 has the
proper magnification, skew, and paralleleism. The fully registered image 206 is
illustrated in Fig. 2B.

Another example, referencing Fig. 3A, includes a contrasting image 110 and a
test image 202. The test image 202 is projected onto the contrasting image 110, and
when the test image 202 fits correctly within the contrasting image 110 such that the
white space is just removed, and the lines of the test image 202 are parallel with the
lines of the contrasting image 110, the projector 104 has the proper magnification,

skew, and parallelism. The fully registered image 208 is illustrated in Fig. 3B.
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The contrasting image 110 can include a negative of the test image 202, and a
neutral background (e.g. black or another color) is produced when the test image 202
and contrasting image 110 are fully registered. In another example, the contrasting
image 110 and the test image 202 include fixed complementary grids. The means for
calibrating includes the contrasting image 110 as a negative of the test image 202, the
contrasting image 110 as a partial negative of the test image 202, and/or the contrasting
image 110 as a test grid. The positioning of the contrasting image 110 with the test
image 202 allows convenient tuning of the skew, image parallelism, and image
magnification until the registration is achieved.

In certain embodiments, the apparatus 100 further includes a second
manufacturing device 116 including a second projector 118 and a second optical train
120, where the imaging plate 108 having the contrasting image 110 is positioned at a
manufacturing position 124 relative to the second manufacturing device 116. The
second manufacturing device 116 includes a controller 126 that reads a second
electronic build file 115 and commands the second manufacturing device 116 to build a
first solid component 128 from the second electronic build file 115. The build data for
the second electronic build file 115 is identical to the build data for the first electronic
build file 114. The second electronic build file 115 utilized by the second manufacturing
device 116 may be the same electronic build file 114 utilized by the first manufacturing
device 102, for example where the controllers 112, 126 read the file from a shared
storage location. Alternatively, the second electronic build file 115 may be an identical
build file 115 stored in a different location (e.g. on the individual controllers 112, 126),

and/or an electronic build file 115 that includes identical build data but that is not an
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identical file (e.g. including differing file headers, names, or other non-build data
parameters).

The apparatus 100 further includes means for calibrating the second projector
118 and/or the second optical train 120 to achieve a proper magnification, skew, and
parallelism of a second projected image in relation to the contrasting image.

Examples of a means for calibrating include placing the contrasting image 110 at
the second manufacturing position 124, projecting a second test image onto the
contrasting image 110, and tuning the projector 118 and/or optical train 120 until the
second test image and the contrasting image 110 are within sufficient registration. For
example, the contrasting image 110 can include a negative of the second test image,
and a neutral background (e.g. black or another color) is produced when the second
test image and contrasting image 110 are fully registered. In another example, the
contrasting image 110 and the second test image include fixed complementary grids.
The means for calibrating includes the contrasting image 110 as a negative of the
second test image, the contrasting image 110 as a partial negative of the second test
image, and/or the contrasting image 110 as a test grid. The positioning of the
contrasting image 110 with the second test image allows convenient tuning of the skew,
image parallelism, and image magnification until the registration is achieved.

The apparatus further includes a first solid component 128 manufactured on the
manufacturing device 102 from a first electronic build file, a second solid component
130 manufactured on the second manufacturing device 116 from a second electronic
build file. The first and second electronic build files include identical build data, and may

be the same file or distinct files. In certain embodiments, the first and second solid
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components 128, 130 are identical physical parts to within a specified tolerance. In
certain embodiments, the first and second solid components 128, 130 comprise
components having the same part number — i.e. parts that are referenced as
interchangeable parts by the manufacturer, and that are used interchangeably for
production, replacement, and/or repair.

Certain exemplary operations for calibrating a projected image on a
manufacturing device are described. Certain operations illustrated may be implemented
by a computer executing a computer program product on a computer readable medium,
where the computer program product comprises instructions causing the computer to
execute one or more of the operations, or to issue commands to other devices to
execute one or more of the operations.

A technique for calibrating a manufacturing imaging device includes an
operation to provide a manufacturing device including a projector and an optical train,
an operation to position an imaging plate at a manufacturing position relative to the
manufacturing device, an operation to provide a contrasting image on the imaging plate,
an operation to project a test image from the projector through the optical train onto the
contrasting image, and an operation to calibrate at least one of the projector and the
optical train in response to the test image projected onto the contrasting image. The
contrasting image may be a negative of the test image. The technique further includes
the operation to calibrate including correcting an image aspect such as the
magnification, skew, and/or parallelism. The test image may be an image from a
manufacturing build file, for example from the plan for a solid component, or an image

that is a fixed grid.
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The technique further includes an operation to manufacture a solid part with the
manufacturing device by projecting images onto a photo-curable substrate after the
calibrating, where the manufacturing position is an equivalent optical position with a
surface of the photo-curable substrate. In certain embodiments, the technique further
includes an operation to provide a second manufacturing device, and an operation to
repeat the positioning, the providing the contrasting image, the projecting, and the
calibrating with the second manufacturing device. The technique further includes an
operation to manufacture a first solid part with the manufacturing device by interpreting
images from a first electronic build file, and an operation to manufacture a second solid
part with the second manufacturing device by interpreting images from a second
electronic build file that includes identical build data to the first electronic build file.

In certain embodiments, the test image is a fixed grid, and the technique further
includes an operation to manufacture a solid part with the manufacturing device by
projecting images onto a photo-curable substrate after the calibrating. In an exemplary
embodiment, the fixed grid includes a pattern resolution determined in response to a
manufacturing tolerance of the solid part.

The technique further includes an operation to repeat the positioning, the
providing the contrasting image, the projecting, and the calibrating in response to a
calibration trigger. The calibration trigger includes any event wherein it may be
desirable to re-calibrate the manufacturing device after the event. Exemplary events
include an initial acquisition of the manufacturing device, a movement of the
manufacturing device, an initial acquisition of a build file, a change in a build file, a

replacement of a component of the manufacturing device (especially, but not limited, to
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the projector or a portion of the optical train). Further exemplary events include an off-
nominal test of a component built by the manufacturing device (i.e. a component built by
the device exhibits an off-nominal dimension, including but not limited to a dimension
that is beyond a tolerance specification for the component), an elapsed time threshold
since a last calibration event, and/or an elapsed number of components manufactured
since a last calibration event.

Yet another exemplary embodiment is a technique for calibrating a
manufacturing device that is structured to manufacture a solid part by projecting images
onto a photo-curable substrate. The technique includes an operation to provide the
manufacturing device including a projector and an optical train, an operation to position
an imaging plate at a manufacturing position relative to the manufacturing device, an
operation to provide a contrasting image on the imaging plate, an operation to project a
test image from the projector through the optical train onto the contrasting image, an
operation to calibrate at least one of the projector and the optical train in response to the
test image projected onto the contrasting image, and an operation to manufacture a
solid component with the manufacturing device after the calibrating. The technique
further includes an operation to provide a second manufacturing device including a
second projector and a second optical train, an operation to position the imaging plate
at a manufacturing position relative to the second manufacturing device, an operation to
project the test image from the second projector through the optical train onto the
contrasting image, and an operation to calibrate at least one of the second projector and
the second optical train in response to the test image projected onto the contrasting

image. The technique further includes an operation to manufacture a second solid
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component with the second manufacturing device after the calibrating the at least one of
the second projector and the second optical train. In certain embodiments, the solid
component and the second solid component are manufactured from electronic build
files comprising identical build data.

As is evident from the figures and text presented above, a variety of
embodiments according to the present invention are contemplated.

An exemplary embodiment is a method including providing a manufacturing
device including a projector and an optical train, positioning an imaging plate at a
manufacturing position relative to the manufacturing device, providing a contrasting
image on the imaging plate, projecting a test image from the projector through the
optical train onto the contrasting image, and calibrating at least one of the projector and
the optical train in response to the test image projected onto the contrasting image. The
contrasting image may be a negative of the test image. The method includes the
calibrating including correcting an image aspect such as the magnification, skew, and/or
parallelism. The test image may be an image from a manufacturing build file or a fixed
grid.

The exemplary method further includes manufacturing a solid part with the
manufacturing device by projecting images onto a photo-curable substrate after the
calibrating, where the manufacturing position is an equivalent optical position with a
surface of the photo-curable substrate. In certain embodiments, the method further
includes providing a second manufacturing device, and repeating the positioning,
providing the contrasting image, projecting, and calibrating with the second

manufacturing device. The method further includes manufacturing a first solid part with
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the manufacturing device by interpreting images from a first electronic build file, and
manufacturing a second solid part with the second manufacturing device by interpreting
images from a second electronic build file that includes identical build data to the first
electronic build file.

In certain embodiments, the test image is a fixed grid, and the method includes
manufacturing a solid part with the manufacturing device by projecting images onto a
photo-curable substrate after the calibrating. In an exemplary embodiment, the fixed
grid includes a pattern resolution determined in response to a manufacturing tolerance
of the solid part.

The method further includes repeating the positioning, providing the contrasting
image, projecting, and calibrating in response to a calibration trigger. The calibration
trigger includes an initial acquisition of the manufacturing device, a movement of the
manufacturing device, an initial acquisition of a build file, a change in a build file, a
replacement of a component of the manufacturing device, an off-nominal test of a
component built by the manufacturing device, an elapsed time threshold since a last
calibration event, and/or an elapsed number of components manufactured since a last
calibration event.

Another exemplary embodiment is an apparatus including a manufacturing
device having a projector and an optical train, an imaging plate having a contrasting
image and positioned at a manufacturing position relative to the manufacturing device,
and a means for calibrating at least one of the projector and the optical train to achieve
a proper magnification, skew, and parallelism of a projected image in relation to the

contrasting image. The means for calibrating includes a test image and where the
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contrasting image can be a negative of the test image. The test image may be a fixed
grid.

In certain embodiments, the apparatus includes a second manufacturing device
including a second projector and a second optical train, where the imaging plate having
the contrasting image is positioned at a manufacturing position relative to the second
manufacturing device, and the apparatus includes a means for calibrating at least one
of the second projector and the second optical train to achieve a proper magnification,
skew, and parallelism of a second projected image in relation to the contrasting image.

The apparatus further includes a first solid component manufactured on the
manufacturing device from a first electronic build file, a second solid component
manufactured on the second manufacturing device from a second electronic build file,
where the first and second electronic build files include identical build data. In certain
embodiments, the first and second solid components are identical physical parts to
within a specified tolerance.

Yet another exemplary embodiment is a method for calibrating a manufacturing
device structured to manufacture a solid part by projecting images onto a photo-curable
substrate, the method including providing the manufacturing device including a projector
and an optical train, positioning an imaging plate at a manufacturing position relative to
the manufacturing device, providing a contrasting image on the imaging plate, projecting
a test image from the projector through the optical train onto the contrasting image,
calibrating at least one of the projector and the optical train in response to the test
image projected onto the contrasting image, and manufacturing a solid component with

the manufacturing device after the calibrating. The method further includes providing a
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second manufacturing device including a second projector and a second optical train,
positioning the imaging plate at a manufacturing position relative to the second
manufacturing device, projecting the test image from the second projector through the
optical train onto the contrasting image, and calibrating at least one of the second
projector and the second optical train in response to the test image projected onto the
contrasting image, and manufacturing a second solid component with the second
manufacturing device after the calibrating the at least one of the second projector and
the second optical train. In certain embodiments, the solid component and the second
solid component are manufactured from electronic build files comprising identical build
data.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, the same is to be considered as illustrative and not restrictive
in character, it being understood that only certain exemplary embodiments have been
shown and described and that all changes and modifications that come within the spirit
of the inventions are desired to be protected. In reading the claims, it is intended that

when words such as “a,” “an,” “at least one,” or “at least one portion” are used there is
no intention to limit the claim to only one item unless specifically stated to the contrary in
the claim. When the language “at least a portion” and/or “a portion” is used the item can

include a portion and/or the entire item unless specifically stated to the contrary.
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WHAT IS CLAIMED IS:

1. A method, comprising:

providing a manufacturing device including a projector and an optical train;

positioning an imaging plate at a manufacturing position relative to the
manufacturing device;

providing a contrasting image on the imaging plate;

projecting a test image from the projector through the optical train onto the
contrasting image; and

calibrating at least one of the projector and the optical train in response to the

test image projected onto the contrasting image.

2. The method of claim 1, wherein the contrasting image comprises a negative

of the test image.

3. The method of claim 1, wherein the calibrating comprises correcting at least

one image aspect selected from the aspects consisting of a magnification, a skew, and

a parallelism.

4. The method of claim 1, wherein the test image comprises an image from a

manufacturing build file.
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5. The method of claim 1, further comprising manufacturing a solid part with the
manufacturing device by projecting images onto a photo-curable substrate after the

calibrating.

6. The method of claim 5, wherein the manufacturing position comprises an

equivalent optical position with a surface of the photo-curable substrate.

7. The method of claim 1, further comprising providing a second manufacturing
device, and repeating the positioning, providing the contrasting image, projecting, and

calibrating with the second manufacturing device.

8. The method of claim 7, further comprising manufacturing a first solid part with
the manufacturing device by interpreting images from a first electronic build file, and
manufacturing a second solid part with the second manufacturing device by interpreting
images from a second electronic build file that comprises identical build data to the first

electronic build file.

9. The method of claim 1, wherein the test image comprises a fixed grid.

10. The method of claim 9, further comprising manufacturing a solid part with the

manufacturing device by projecting images onto a photo-curable substrate after the

calibrating.
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11. The method of claim 10, wherein the fixed grid comprises a pattern

resolution determined in response to a manufacturing tolerance of the solid part.

12. The method of claim 1, further comprising repeating the positioning,
providing the contrasting image, projecting, and calibrating in response to a calibration

trigger.

13. The method of claim 12, wherein the calibration trigger comprises an event
selected from the events consisting of: an initial acquisition of the manufacturing
device, a movement of the manufacturing device, an initial acquisition of a build file, a
change in a build file, a replacement of a component of the manufacturing device, an
off-nominal test of a component built by the manufacturing device, an elapsed time
threshold since a last calibration event, and an elapsed number of components

manufactured since a last calibration event.

14. An apparatus, comprising:

a manufacturing device including a projector and an optical train;

an imaging plate having a contrasting image and positioned at a manufacturing
position relative to the manufacturing device; and

a means for calibrating at least one of the projector and the optical train to
achieve a proper magnification, skew, and parallelism of a projected image in relation to

the contrasting image.
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15. The apparatus of claim 14, wherein the means for calibrating includes a test

image and wherein the contrasting image comprises a negative of the test image.

16. The apparatus of claim 14, wherein the means for calibrating includes a test

image comprising a fixed grid.

17. The apparatus of claim 14, further comprising a second manufacturing
device including a second projector and a second optical train, the imaging plate having
the contrasting image and positioned at a manufacturing position relative to the second
manufacturing device, and a means for calibrating at least one of the second projector
and the second optical train to achieve a proper magnification, skew, and parallelism of

a second projected image in relation to the contrasting image.

18. The apparatus of claim 17, further comprising a first solid component
manufactured on the manufacturing device from a first electronic build file, a second
solid component manufactured on the second manufacturing device from a second
electronic build file, and wherein the first and second electronic build files comprise

identical build data.

19. The apparatus of claim 18, wherein the first and second solid components

comprise identical part numbers.
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20. The method of claim 18, wherein the solid component and the second solid

component comprise identical physical parts within a specified tolerance.

21. A method for calibrating a manufacturing device structured to manufacture a
solid part by projecting images onto a photo-curable substrate, comprising:

providing the manufacturing device including a projector and an optical train;

positioning an imaging plate at a manufacturing position relative to the
manufacturing device;

providing a contrasting image on the imaging plate;

projecting a test image from the projector through the optical train onto the
contrasting image;

calibrating at least one of the projector and the optical train in response to the
test image projected onto the contrasting image; and

manufacturing a solid component with the manufacturing device after the

calibrating.

22. The method of claim 21, further comprising providing a second
manufacturing device including a second projector and a second optical train,
positioning the imaging plate at a manufacturing position relative to the second
manufacturing device, projecting the test image from the second projector through the
optical train onto the contrasting image, and calibrating at least one of the second
projector and the second optical train in response to the test image projected onto the

contrasting image, and manufacturing a second solid component with the second
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manufacturing device after the calibrating the at least one of the second projector and

the second optical train.

23. The method of claim 22, wherein the solid component and the second solid

component are manufactured from electronic build files comprising identical build data.
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