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SYSTEM AND METHOD FOR
CONFIGURING AN IMAGING TOOL

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to methods and systems for configuring
imaging tools. M ore s pecifically, the invention relates to methods and systems for
focusing and aligning imaging tools located in a housing component for use in a
predefined embedded application, such as an airbag deployment.

[0002] Embedded computers and other types of systems are making increasing use
of various imaging tools. Different types of imaging tools can be used in a wide
variety of different applications. For example, an imaging tool such as a digital video
camera can be used by an airbag deployment application to identify the position of an
occupant and make better deployment decisions. In such a context, the imaging tool
can identify the position of the occupant within the physical space of the vehicle, and
determine whether the movement characteristics of the occupant are such that the
vehicle must be in a state of crashing, and whether the occupant will be within an at-
risk-zone by the time in which an airbag could be deployed. Similarly, surveillance
systems can use imaging tools to monitor specific areas of physiéal space, and
potentially support various security-related processing. Industrial robots and other
automated devices may incorporate various imaging tools as a set of “eyes” necessary
t6 achieve there functions. Numerous other examples of image-based processing can
be provided, and the number of image-based technologies may increase dramatically
in the future as computation power becomes less expensive, inviting increased use of
embedded imaging tools in various applications.

[0003] Regardless of the particular purpose of the imaging tool, it is often very
important to focus and align the imaging tool in an accurate and cost-effective manner.
Many image-based technologies are particularly vulnerable to slight deficiencies of
focus or alignment. Moreover, the very purpose of the imaging tool may be to capture
certain spatial relationships between objects in the sensor region. Such purposes are
susceptible to even slight alignment, focus, and other configuration deviations.

Heuristic processes can be performed on the images captured by various imaging
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tools. Many of those heuristics are dependent upon the imaging tool working within
certain focus and alignment parameters. For example, an airbag deployment system
may capture two-dimensional images of an occupant to determine the position of the
occupant within three-dimensional space to determine whether or not the occupant is
within the at-risk-zone of the airbag (e.g. too close to the deploying airbag) at the time
of deployment. A difference of a few millimeters can make the difference between
desirably deploying an airbag and the deployment of an airbag when the occupant is
too close to the airbag. A discrepancy of mere microns between a correctly aligned
imaging tool and an incorrectly imaging tool can substantially impair the ability of the
imaging tool to capture images in an airbag deployment context.

[0004]  Other uses of imaging tools are similarly vulnerable to undesirable
tolerance stacking. The implementation of such imaging tools typically require

manual configuration, and thus tend to be expensive and inaccurate.

SUMMARY OF THE INVENTION

[0005] This invention relates generally to methods and systems for configuring
imaging tools (collectively the “configuration system”). More specifically, the
invention relates systems for automatically focusing, aligning, and otherwise
configuring imaging tools located in a housing component for use in a predefined
application, such as an airbag deployment application.

[0006] An imaging tool that includes a lens, an imager, and a housing uﬁit, is
automatically focused by a focus subsystem and is automatically aligned by an
alignment subsystem. The imaging tool provides for the capture of a calibration
image from a source image. The focus subsystem performs an automated focus
heuristic using the calibrated image. The alignment subsystem performs an automated
alignment heuristic typically using the same calibrated image. In some embodiments,
all configuration calculations are performed by the imaging tool itself. In such
embodiments, the calculations can be performed by a computer or other device within
the housing unit, and the resulting adjustment(s) are passed in the form of a message

to the actuator or controller.
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[0007] In some embodiments, the imaging tool is not permanently assembled until
after the lens is focused and the imager is aligned. In other embodiments, the imaging
tool is permanently assembled before the lens is focused and the imager is aligned, but
such embodiments include some means, such as a tab accessible from outside the
housing unit, for adjusting the focus and alignment of the imaging tool.

[0008] These and other features and advantages of this invention are described in

or are apparent from the following detailed description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Some of the embodiments of the present invention are described in
reference to the following figures:

[0010] Figure 1 shows an environmental diagram illustrating one example of an
imaging tool configuration system.

[0011]  Figure 2 shows a component diagram illustrating one example of a front
end view of an imaging tool configuration system.

[0012] Figure 3 shows a component diagram illustrating one example of a back
end view of an imaging tool configuration system.

[0013] Figure 4 shows a component d iagram i llustrating one e xample o f a side
view of an imaging tool configuration system.

[0014]  Figure 5 shows a component diagram illustrating one example of a housing
component and imaging tool.

[0015]  Figure 6 shows a component diagram illustrating one example of an
imaging tool that can be configured by the configuration system.

[0016]  Figure 7 shows a component diagram illustrating one example of a
disassembled cross-component view of an imaging tool.

[0017] Figure 8 shows a component diagram illustrating one example of a fully
assembled imaging tool.

[0018]  Figure 9 shows a c omponent diagram illustrating o ne example o fa lens
projecting a calibration image from a source image.

[0019]  Figure 10 shows a comparative diagram illustrating one example of an
actual alignment being compared to a desired alignment.
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[0020]  Figure 11 shows a data table illustrating one example of offset and roll
angle computations.

[0021] Figure 12 shows a component diagram illustrating one example of a stereo
of lenses projecting calibration images from a single source image.

[0022} Figure 13 shows a comparative diagram illustrating one example of a
desired baseline in a lens stereo environment.

[0023] Figure 14 shows a flow chart illustrating one example of an imaging tool
configuration method.

[0024] Figure 15 shows a flow chart illustrating a second example of an imaging
tool configuration method.

[0025]  Figure 16 shows a flow chart illustrating a third example of an imaging
tool configuration method.

[0026] Figure 17 shows a block diagram illustrating an example of a subsystem-
level view of a configuration system.

[0027]  Figure 18 shows a block diagram illustrating an example of a subsystem-

level view of a configuration system configuring two imaging tools in stereo.

DETAILED DESCRIPTION
[0028] This invention relates generally to methods and systems for configuring
imaging tools (collectively a “configuration system™). More specifically, the invention
relates systems for focusing, aligning, and otherwise configuring imaging tools located
in a housing component for use in a predefined application. Examples of predefined
applications include airbag deployment applications, surveillance applications, robotic
applications, and any other automated device application in which a sensor (“imaging
tool”) is capable of collecting an image. The configuration system allows the imaging
tool to be properly aligned, focused, and otherwise configured with respect to a
housing component that contains the imaging tool. A high degree of accuracy and
precision can be achieved, and such precision avoids the problems of tolerance
stacking that can occur at each subsequent process in the manufacturing chain of

devices that include imaging tools..
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L ENVIRONMENTAL VIEW
[0029] Figure 1 shows an environmental diagram illustrating one example of a
configuration system 20.

A. Source Image
[0030] Some type of image or object is used to calibrate an imaging tool 28. That
image or object is a source image 22. The source image 22 may include various
source o bjects o f various shapes. I na preferred embodiment, the source image 22
includes at least two reference objects, such as two black circles on a white
background. However, the number of objects can vary from embodiment to
embodiment, as can the characteristics (e.g. shape, size, color, height, width,
luminosity, etc.) of the objects. Moreover, the background characteristics in the
source image 22 behind the source objects can also vary widely. The type of source
image 22 used to calibrate the configuration system 20 need not depend on the type of
imaging tool 28, and the context of the predefined application that incorporates the
imaging tool 28. For example, if the imaging tool 28 is an infrared camera used in the
context of night vision surveillance, two black circles on a white background could
still be used to configure the imaging tool 28. This is true even though the test
conditions would not mirror night-time conditions. Virtually any combination of
source images 22 can be used to configure a particular imaging tool 28 so long as the
imaging tool 28 can distinguish between the source objects and the background
characteristics of the source image 22 while being configured by the system 20.

B. Base
[0031] A base 24 supports many of the components in the configuration system
20. The base 24 can be made up of a wide variety of different materials. The base 24
can also vary widely in terms of its physical dimensions and shape. The base 24
should be strong enough to support the weight of the imaging tool 28, the source
image, a focus actuator 26, an alignment actuator 32, and a mounting fixture 30. In
some embodiments, an actuator controller 34 and an interface device 36 will also
reside on top of the base. The base 24 should provide enough space for the imaging
tool 28 to be moved in various directions (e.g. the x-direction, y-direction, and z-

direction) with respect to the source image 22. In a preferred embodiment of the
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configuration system 20 in the context of an airbag deployment application, the
distance between the imaging tool 28 and the source image 22 should be between
approximately 15 and 25 inches, with a distance of 19 inches being desirable in many
circumstances. This distance relates to the expected distance between the occupant
sitting in the seat, and the location of the imaging tool 28 in the vehicle. In other
embodiments, the desired distance may differ, depending on the particular application
incorporating the particular imaging tool 28.
[0032] The base 24, focus actuator 26, mounting fixture 30, and alignment
actuators 32 can collectively be referred to as an alignment station.

C. Imaging Tool and Imaging Assembly
[0033] The imaging tool 28 is the part of the configuration system 20 that is
physically incorporated into the predefined application. For example, in an airbag
deployment application embodiment, the imaging tool 28 is ultimately installed in a
vehicle in order to capture video images of vehicle passengers. In contrast, many of
the other components in Figure 1, such as the source image 22, the base 24, the focus
actuator 26, the alignment actuator 32, the mounting fixture 30, the actuator controllér
34, and the interface device 36 can each be used to configure multiple imaging tools
28.
[0034] In some embodiments of the system 20, the imaging tool 28 includes the
computer or other device used to calculate the appropriate focus, alignment, and other
configuration parameters. In such embodiments, an image is never sent outside the
imaging tool 28. Instead, the imaging tool 28 sends a message to the various actuators
and/or actuator controller 34. The message includes the data used by the focus
actuator 26 to focus the imaging tool 28 and the data used by the alignment actuator
32 to align the imaging tool 28. The ability of the imaging tool 28 to perform
calculations internally is desirable in certain contexts. For example, each imaging tool
28 can be responsible for its own configuration calculations, supporting the ability of a
single alignment station to configure many different types of imaging tools 28 with
minimal configuration changes to the single alignment station.
[0035]  The imaging tool 28 can itself be made of a wide variety of components.

In an airbag deployment application embodiment, the imaging tool 28 can include an
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imaging tool 28, which includes an imager sensor (“imager”) attached to a circuit
board. The imager is the part of the imaging tool 28 that converts optical images into
a digital format of pixels that can be processed by computers and other devices. In
addition to the imager, the imaging tool 28, can also include a lens, a housing unit, and
all of the electrical connections necessary for the i maging tool 28 to function. B y
configuring the imager with respect to the housing unit, it later becomes possible to
configure the imaging tool 28 with respect to a particular application environment.

D. Mounting Fixture
[0036] A mounting fixture 30 is the mechanism that supports the imaging tool 28
in the alignment station. While the imaging tool 28 is supported by the m ounting
fixture 30, the focus actuator 26 and alignment actuators 28 can manipulate the
position of the imaging tool 28 and its various components in a fully automated way.
The characteristics of the mounting fixture 30 vary widely from embodiment to
embodiment, and should be tailored to the specific requirements and structure of the
imaging tool 28. All aspects of the configuration system 20 should be designed,
constructed, and operated to support the goal of an accurate and precise imaging tool
28 highly configured to function in a particular application environment.

E. Focus Actuator
[0037] Actuators are mechanisms that provide for automatic action, such as
moving or adjusting a component. The focus actuator 26 is any device or mechanism
that can be used to automatically focus the imaging tool 28. Focusing the imaging
tool 28 involves changing the distance (e.g. along the z-axis) between the source
image 22 and one or more lenses in the imaging tool 28. The focus actuator 26 can
also be referred to as a focus mechanism. Similar to other configuration system 20
components, the exact characteristics and structure of the focus actuator 26 can vary
widely from embodiment to embodiment.
[0038] The focus actuator 26 can operate automatically without human
intervention. As described below, the system 20 can generate the appropriate
calculations to determine the desired adjustments to be made along the z-axis, and the

focus actuator 26 can implement those adjustments.
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F. Alignment Actuators
[0039]  The alignment actuator 32 is used to align the imager within the imager
assembly and/or align the imager assembly within one or more housing components
that hold together the imaging tool 28 and its components. The alignment actuators 32
can also be referred to as an alignment mechanism. Movement along the x-axis ,y-
axis and roll axis is controlled by the alignment actuators 32. Similar to other
configuration system 20 components, the exact characteristics and structure of the
alignment actuator 32 can vary widely from embodiment to embodiment.
[0040] The alignment actuators 32 can operate automatically without human
intervention. As described below, the system 20 can generate the appropriate
calculations to determine the desired adjustments to be made along the x-axis , y-axis
and roll axis, and the alignment actuators 32 can implement those adjustments. Each
alignment actuator 32 moves the imaging tool 28 along the x-axis and y-axis. .
Between the adjustments in the x-axis and y-axis position is an angle that can be
referred to as a roll angle. The two alignment actuators 32 can make the x-position
and y-position, and roll axis adjustments in a single motion.
[0041] Just as the focus process centers on the position of the lens, the alignment
process centers on the position of an imager 54. The imager 54 is typically located in
a circuit board within the imaging tool 28.

G. Actuator Controller
[0042] The actuator controller 34 is the device that monitors and controls the
activities of the alignment actuators 32 and the focus actuator 26. In a preferred
embodiment, the images captured by the imaging tool 28 never leave the imaging tool
28, and only messages are passed from the imaging tool 28 to the actuator controller
34 or other parts of the alignment station. In other embodiments, the actuator
controller 34 can receive images from the imaging tool 28, and perform the
calculations needed to determine the adjustments necessary to properly focus, align,
and otherwise configure the imaging tool 28.

H. Interface Device
[0043]  The interface device 36 can be any type of terminal, computer, or industrial

control equipment used by human beings to interact with the configuration system 20.
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Human users can use the interface device 36 to monitor the behaviors and results of
the system 20. Human users can also use the interface device 36 to modify the
heuristics used by the system 20 to automatically focus and align the imaging tools 28
processed by the system 20.

IL. STRUCTURAL VIEW

A. Front End View
[0044]  Figure 2 shows component diagram illustrating one example of a front end
view of an imaging tool configuration system 20. A lens 48 is composed of lens
elements 96, 98, 99, 100 and the lens barrel 46. One or more lenses 48 of varying
strengths, sizes, and other characteristics can be incorporated into the system 20.
[0045] The lenses and barrel can be supported by one or more clamps. Clamps
used to assist in the focus of the imaging tool 28 can be referred to as z-axis clamps
because those are the clamps the control the position of the imaging tool 28 with
respect to the z-axis. A disengaged z-axis clamp 44 and an engaged z-axis clamp 44
are disclosed in the figure. Focusing of the lens typically requires the engagement of
all z-axis clamps 44 in unison, but a wide variety of different structures and
methodologies can be incorporated into the system 20. A z-axis focus 42 can adjust
the position of the lens 48 with respect to the z-axis so long as the corresponding z-
axis clamp 44 is engaged.

B. Rear End View
[0046] Figure 3 shows a component diagram illustrating one example of a rear end
view of an imaging tool configuration system 20. As the front end view of Figure 2
centers on the focus functionality, the rear end view of Figure 3 centers on alignment
functionality. A tthe center of the diagram are some ofthe key components being
aligned, the imager 54 which is at the center of the imaging tool with respect to the x-y
plane. Both alignment actuators 32 facilitate movement by the imaging tool 28 and
imager 54 in the x-direction as well as the y-direction.

B. Side View
[0047]  Figure 4 shows a component diagram illustrating one e xample o f a side

view of an imaging tool configuration system 20. Z-axis clamps 44 describe above
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hold the lens barrel 46 in place at the front of the imaging tool 28 (the left side of the
diagram). The z-axis focus 42 connects the focus actuator 26 to the z-axis clamp 44
on both sides of the imaging tool 28. In between the two focus actuators 26 is the
imaging tool 28 with the imager 54.
[0048]) Hidden from view in the figure is the imager and lens housing 84, the
component that in some embodiments encloses the imaging tool 28. On the right side
of the diagram (rear end of the system 20) are two alignment actuators 32. For the
purposes of example, the top alignment actuator is in an engaged position 56 and the
bottom alignment actuator 32 is in a disengaged position 57. In many embodiments,
both alignment actuators 32 are either engaged or disengaged at the same time.

C. Housing Component View (with Attachment Tabs)
[0049] Figure 5 shows a component diagram illustrating an example of a housing
component 80. The housing component 80 disclosed in the figure includes attachment
tabs for connecting and fastening the housing component 80 (as well as the various
components housed in the housing component) to the particular environmental
structure for the ¢ onfigured i maging tool 28. T he housing component 80 can vary
widely from embodiment to embodiment, and may hide many components from view
as the example in Figure 5 indicates. A lens mounting opening 82, an imager and lens
housing 84, and an imager circuit card opening 86 are visible in Figure 5.
[0050] Figure 6 shows a different perspective of the component diagram in Figure
5. Figure 6 shows a cross-section of the imaging tool 28. In contrast to Figure 5, the -
attachment tabs 104 are hidden from view. The lens barrel 46 holds in place a first
lens element 96 that is followed by a second lens element 98, a third lens element 99,
and a fourth lens element 100. The number, type, and variety of lens elements will
depend on the particular application that is to incorporate the particular imaging tool
28. The imager 54 resides on an imager circuit card 102 or circuit board. An imager
circuit card opening 86 provides for the initial installation and alignment of the imager
circuit board 102 in the imaging tool 28.

D. Exploded View
[0051]  Figure 7 show an example of an imaging tool 28 that includes a
manipulatable tab for configuring the imaging tool 28 while it i1s assembled. In a
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manipulatable tab embodiment of the system 20, the imaging tool 28 and housing
components 80 can be permanently attached before the imaging tool 28 is configured
by the system 20.

[0052] The example in Figure 7 includes two housing components 164 and 166
and an imager circuit card 102 that includes tabs for configuring the imaging tool 28
while it is assembled. In this embodiment, all of the components within the housing
component 164 and 166 can be permanently attached before the configuration system
20 performs any processing. Parts of the imaging tool 28 are focused and aligned by
the movement of “tabs” that are accessible from outside the imaging tool 28. The tabs
can resemble various linear adjustment mechanisms in other devices. In some
embodiments, the tabs for manipulating and configuring the imaging tool 28 may be
the s ame tabs (the attachment tabs 104) used to connect the imaging tool 28 to its
environment. In the example provided in Figure 7, the tabs for aligning the circuit
card 102 are not the same component as the attachment tabs 104 discussed above.
[0053) On the left side o f the diagram is a lens assembly 160 that includes the
various lenses incorporated into the imaging tool 28. The number and size of lenses
can vary widely from embodiment to embodiment. A lens o-ring 162 is used to secure
the position and alignment of the lens assembly 160. Some embodiments may not
involve the use of o-rings 162, while other embodiments may incorporate multiple o-
rings 160. A front housing component 164 and a rear housing component 166 are
ultimately fastened together to keep the imaging tool 28 in a fully aligned and focused
position. In between the two housing components is an imager circuit board 102 with
the imager 54 on the other side, hidden from view.

[0054]  Figure 8 shows a component diagram illustrating the imaging tool 28 of
Figure 7 in a fully assembled view.

III. CALIBRATION PROCESS
[0055] The process (“alignment heuristic”) for automatically aligning the imager
54 within the imaging tool 28 can vary widely from embodiment to embodiment.

Similarly, the process (“focus heuristic”) for automatically focusing the lens 48 within
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the imaging tool 28 can vary widely from embodiment to embodiment. Both the
alignment heuristic and the focus heuristic need to capture actual test images in order
for proper configuration to occur. The system 20 then uses the actual test images to
calibrate the imaging tool 28 using one of several calibration heuristics. Calibration
heuristics involve capturing calibration images from source images, and comparing
the c alibration i mage to a template i mage, which can be the source image in some
embodiments, or a numerical representation of the template image in other
embodiments.

A, Capturing a Calibration Image
[0056] Figure 9 shows a component diagram illustrating one example of a lens 49
projecting a calibration image 120 from the source image 22. As discussed above, the
distance between the lens 48 and the source image 22 is measured along a z-axis 126,
while the position of the various image objects in both the source image 22 and the
calibration image 120 reside in the x-y plane at a fixed point along the z-axis. As
illustrated in the example in Figure 7, two black circles on a white background in the
source image 22 are used by the lens 48 to create the calibration image 120.

B. Comparing the Calibration Image to a Template Image
[0057] Figure 10 shows a comparative diagram illustrating one example of an
actual alignment being compared to a desired alignment. An actual alignment 132 is
the x-y coordinates for the two circles in the calibration image 120. The x-y
coordinates for the target objects in the calibration image 120 can then be compared to
the x-y coordinates of a desired alignment 130, that of a template image. The template
image can simpfy be the known characteristics of the source image 22. As illustrated
in the figure, the desirable adjustments in both the x-direction and the y-direction
make evident a roll angle between the desired alignment 130 and the actual alignment
132.

C. Calculations
[0058] Figure 11 shows a data table illustrating one example of offset and roll
angle computations that can be incorporated into the system 20. As indicated in
Figure 8, circles A’ and B’ represent the desired alignment 130 while circles A and B

represent the actual alignment 132. Because A’ and B’ represent the desired
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alignment 130, A’ and B’ can serve as the basis of the x-y coordinate system for both
the template i mage and the c alibration image 120. Coordinates can be assigned to
each circle, with the origin of <0, 0> being at the center of A’ and B’. Thus, the x-
coordinate for A’ is 0.0 and the y-coordinate for A’ is 0.6. Similarly, the coordinates
for B’ are <0.0, -0.6>. The coordinates for A and B are measured to be <0.420,
0.263> and <-0.562, 0.426>.
[0059] With two sets of coordinates, one can calculate the roll angle from the
actual alignment 132 to the desired alignment 130, which in the illustrated example is
35.055°. Similarly, the coordinates for the reference centroid, which can also be
referred to as the template centroid, as well as the coordinates for the target centroid,
which can also be referred to as a calibration centroid, can be computed. The template
centroid in the example has the coordinates of <0.000, 0.000> because (0+0)/2 = 0
and (0.6-0.6)/2=0. The centroid coordinates for the calibration ﬁeshold are <-0.071,
-0.082> because (0.420-0.562)/2 = -0.71 and (0.263-0.426)/2 = -0.082. As illustrated
in the Figure 11, the reference and target centroids can be aligned, and then both
points in the actual alignment 132 can be rotated.
[0060} As is also illustrated in Figure 11, the computations can also be performed
in one step by adjusting each coordinate in the actual alignment 132 so that it is set at
the corresponding coordinate in the desired alignment 130. For example, if the
desired A, value is 0 and the actual A, value is -.420, an adjustmentay of 0.420 will
transform the actual A, value to the desired Ay value of 0. Similarly, if the desired Bx
value is 0 and the actual B, value is -0.562, an adjustmentpy of 0.562 will transform
the actual B, value to the desired By value of 0. Thus, adjustmentay = 0.600 — 0.263 =
0.337 and adjustment,, = -0.600-(-0.426) = -0.174.
[0061] Regardless of whether the mathematics are performed in one step or in two
steps, the actual alignment 132 can be transformed into the desired alignment 130 with
one motion by the alignment actuators 32.

D. Stereo Embodiments
[0062] Figure 12 shows a component diagram illustrating one example of a stereo
of lenses 48 projecting calibration images 120 from a single source image 22. The

housing component 84 includes a right lens 142 and a left lens 140 acting in unison on

-13-



WO 2004/109367 PCT/IB2004/001814

one source image 22 and generating a right calibration image 146 and a left calibration
image 144. As Figure 13 illustrates, both calibration images 120 share a common
desired baseline 150, and the mathematics of Figure 9 would also apply to the stereo

embodiment in Figure 11.

IV. PROCESS FLOWS
[0063]  Figure 14 shows a flow chart illustrating one example of an imaging tool
configuration method.

A. Example 1
[0064] At 200, the alignment station is loaded with the various components of the
imaging tool 28. The imager 54 is preferably loaded with the circuit board 102
attached. The lens 48 and housing components (including the front housing
component 164 and the rear housing component 166) are also loaded into the
alignment station. This step can be performed by a human being, or by some
automated means such as a robot or automated machine tool. The lens 48 need not be
focused when loaded. The lens 48, imager circuit card 102 with imager 54, and
imager housings 164 and 166, should be movable, adjustable, or otherwise
configurable at this step to allow the imager circuit card 102 to be moved in the x and
y directions. The distance between the lens 48 and the source image 22 should be set
at some predefined sensor distance. In an airbag deployment embodiment, the sensor
distance should be approximately between 15 inches and 25 inches due to the
probable sensor distance between the imaging tool 28 in the vehicle, and the occupant
of the vehicle. In a preferred airbag deployment embodiment, the sensor distance is
set at approximately 19 inches. The source image 22 as discussed above, can include
a wide variety of different source objects, but preferably includes two black
symmetrical shapes such as circles on a black background.
[0065] At 202, the imager 54 is connected electronically to the interface device
36, the actuator controller 34, the focus actuator 26, and to the alignment actuators 32.
The exact configuration of connections can vary widely in the various embodiments of
the system 20. Figure 1 provides one example of some of the connections that can be

incorporated into the system 20. Any connection configuration is acceptable so long
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as information can flow from the imager 54 to the other components. In some
embodiments of the system 20, wireless technology is used to “wire” the components
together. In a preferred embodiment, the imager 54 does not transmit any type of
image outside the confines of the imaging tool 28. Instead, the imager 54 transmits a
message to the other components of the system 20, and that message includes
instructions with respect to the adjustments described in Figure 11. This step is can be
performed by a human being, a robot or other form of automated machine tool.

[0066] At 204, the alignment mechanisms (e.g. alignment actuators 32) are
connected with the alignment locators as illustrated in Figure 4 where the actuators are
shown in both engaged and disengaged positions. This step is preferably performed
by a human being, but they could also be performed by a robot or other form of
automated machine tool.

[0067] At 206, the focus mechanisms (e.g. focus actuators 26) are clamped to the
to the lens barrel 46 component as illustrated in Figure 2. This step is preferably
performed by a human being, but they could also be performed by a robot or other
form of automated machine tool.

[0068] At 210 a series of calibration images 120 can be captured from the source
image 22 based upon the position information feedback provided by the lens focus
mechanism. One calibration image 120 should be captured at a predefined or preset
focus point. At least one calibration image 120 should preferably be captured on each
side of the preset focus point. Thus, there should be at least three images captured for
focusing purposes, one at the preset focus point, and one on each side of the preset
focus point.

[0069] At 212, one or more forms of focus measurement are invoked. The type of
measurement invoked depends on the heuristic being performed. Various focus
heuristics can be performed by the system 20 in order to adjust the position of the lens
48 along the z-axis 126 with respect to the source image 22. One heuristic that can be
performed can be referred to as a blur circle diameter heuristic, or blur circle
measurement heuristic. This heuristic minimizes the amount of de-focusing by
minimizing the area of the Gaussian defocus. The system 20 can also perform an edge

contrast heuristic which attempts to sharpen the distinction between the object and the
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background, and this seeks to maximize the slope of the Gaussian defocus. In some
embodiments, the two heuristics can be combined in a weighted fashion. In still other
embodiments, other heuristics can be included as focus heuristics.

[0070] At 214, the system 20 calculates the focus corrections/adjustments using
the heuristic(s) invoked at 212.

[0071] At 216, focus adjustments are physically made by the lens focus
mechanisms. This step can be performed automatically by the system 20, and thus
does not require any type of human intervention.

[0072] At 218, the system 20 begins to invoke alignment-related processing. A
calibration image 120 is captured for alignment calibration. An example of this step is
illustrated in Figure 9.

[0073] At 220, the centroids of the objects in the images can be calculated.
Figures 10 and 11 provide examples of such calculations. In a preferred embodiment,
the centroids are calculated to subpixel accuracy, with a pixel being no larger than 12
square microns.

[0074] At 222, the offsets and roll angle are calculated for the actual alignment
132 relative to the desired alignment 130. An example of this step is illustrated in
Figures 9, 10, and 11.

[0075] At 224, the image alignment mechanisms move the imager 54 to the
desired alignment. This is done by moving the imager circuit card 102 or any other
component to which the imager 54 is fixed.

[0076] At 226, the adjusted alignment can be validated. In order to validate the
new alignment, steps 218 through 224 can be repeated with the new alignment.

[0077] At 228, if the verification is positive, the imager 54 may be permanently
positioned within the imaging tool 28. Depending the particular structure of the
imaging tool 28, this can include making fixed the imaging circuit board 102, the
imager and lens housing component 164, or any other type of component included in
the imaging tool 28. Attaching the circuit board 102 to the housing component 164
can be done with a tapered fastener or a compliant press-fit fastener.

[0078] At 230, steps 210-216 are repeated to ensure that the alignment process did

not alter the optimal focus. At 232, if the proper focus is verified, the lens 48 can be
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permanently locked in place and the configuration system 20 can then begin work on a
new imaging tool 28. The lens 48 can be locked permanently in place using a
mechanical fastener of quick-set UV, a thermal cure epoxy, or some other fastener.

B. Example 2
[0079]  Figure 15 shows a flow chart illustrating a second example of an imaging
tool configuration method.
[0080] At 250, the calibration image 120 is captured from the source image 22
with the imaging tool 28. A reference point is identified on the calibration image 120
for the purposes of calibration. This reference point is typically a centroid of one or
more source objects. At 254, an alignment adjustment is calculated using one or more
alignment heuristics discussed above. Those heuristics compare the calibration image
120 with the source image 22 or the desired template image. At 256, the system 20
can automatically align the imager 54 and the imaging tool 28 through the use of the
alignment actuators 32.

C. Example 3
[0081] Figure 16 shows a flow chart illustrating a third example of an imaging
tool configuration method. At 260, the various components of the imaging tool 28 are
loaded into the alignment station. At 262, the imager 54 is connected to a control
device, such as the interface device (e.g. access device) 36 or the actuator controller
34. At 264, the system 20 automatically focuses the lens 48 with the focus actuator
26. At 266, the system 20 automatically aligns the circuit board 102 with the
alignment actuators 32.
[0082] There are numerous different processes that the system 20 can perform to
automatically configure imaging tools 28. Different embodiments may incorporate

different variations of steps and combinations of steps.

IV. SUBSYSTEM-LEVEL VIEWS
[0083]  Figure 17 shows a block diagram illustrating an example of a subsystem-
level view of a configuration system 20. A focus subsystem 300 and an alignment

subsystem 302 are used by the system 20 to configure the imaging tool 28.
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A. Imaging Tool
[0084] The imaging tool 28 provides for the capture of the calibration image 120
from the source image 22. In some embodiments, the source image 22 is itself
captured from a source object, while in other embodiments, the source image 22 is not
a captured image, but instead is directly created for the purposes of configuring the
imaging tool 28. For example, the source image for image tooling 28 in a preferred
airbag deployment application embodiment of the configuration system 20 is two
black circles on a white background.
[0085] As discussed above, the imaging tool 28 can include a variety of different
components, such as the lens 48, the imager and lens housing 84 , and the imager 54,
which can reside on a printed circuit board 102. The exact design and composition of
the imaging tool 28 will depend on the type of pre-defined application that will utilize
the imaging tool 28. Similarly, the focus and alignment requirements for the imaging
tool 28 will also depend on the desired environment and context of the particular
application.
[0086] In a preferred embodiment, the imager 54 or some other device in the
imaging tool 2 8 actually performs the calculations required by the focus subsystem
300 and alignment subsystem 302. Instead of passing an image to the other
components of the configuration system 20, the imager 54 can pass a message with the
pertinent offset adjustments, roll angles, and other relevant data.

B. Focus Subsystem
[0087] The focus subsystem 300 includes any lens focus mechanisms (“LFM”)
such as various focus actuators 26 discussed above. The focus subsystem 300 can
perform a wide variety of different processes (e.g. “focus heuristics”) for focusing the .
lens 48 of the imaging tool 28. Some embodiments of the focus subsystem 300 may
combine the results of more than one focus heuristic in determining and implementing
the appropriate focus for the imaging tool 28.
[0088] The focusing of the lens 48 involves moving the lens 48 along the z-axis.
This is in contrast to the aligning of the imaging tool 28, which occurs through
movement in the x-axis and y-axis. The lens focus mechanism clamps to the housing

of the lens 48. Based upon the position information feedback by the lens focus
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mechanism, at least three images. These images can be referred to as focus images,
calibration images, or focus calibration images. One image is captured ata preset
focus point. At least one image should be captured on each end of the preset focus
point. In a preferred focus heuristic, blur circle measurements or blur circle diameters
are used to calculate focus corrections that can then be implemented by the lens
focusing mechanisms. In other embodiments, an edge contrast heuristic can be
applied by the focus subsystem 300.
[0089] The focus subsystem 300 can be totally automated, to support the accurate,
prompt, and cost-effective configuration of imaging tools 28 for embedded use in
various application environments. The focus actuators 26 can automatically focus the
lens 48 of the imaging tool 28 without human intervention.

C. Alignment Subsystem
[0090]  The alignment subsystem 302 can perform a variety of different alignment
heuristics to properly align the imaging tool 28 in the dimensions of the x-axis and y-
axis. In some embodiments, the alignment subsystem 302 can align the imager as it
resides on a circuit board in the imager and lens housing 84 . In other embodiments,
the various components of the imaging tool 28 are not permanently assembled until
after the imaging tool 28 is properly aligned by various alignment mechanisms, such
as the alignment actuator 32.
[0091] To begin the alignment process, an image (e.g. “configuration image”) is
captured from the source image 22. Various different alignment heuristics can be
applied to the configuration image. In an embodiment involving objects in the
configuration image, a reference point (e.g. “calibration reference points”) within the
various objects can be selected. In preferred embodiments, the reference point is the
centroid of the object. Regardless of the type of reference point, they should be
calculated to the sub-pixel accuracy level. In a preferred embodiment, the automated
alignment heuristic can align reference data points within two microns of the
corresponding reference point in the template image.
[0092] The alignment subsystem 302 can be totally automated, to support the
accurate, prompt, and cost-effective configuration of imaging tools 28 for embedded

use in various application environments. The alignment subsystem 302 can be used to
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align the placement of the imager on the printed circuit board. The alignment
subsystem 302 can also be used to align the circuit board within the imager and lens
housing 84 . The imager 54 and imager circuit board 102 can be aligned in a single
motion in reaction to a calculated adjustment and a roll angle.

[0093] In a preferred embodiment, the alignment subsystem 302 compares the
calibration image with that of the template i mage, which can's imply b e the source
image 22.

D. Stereo Embodiments

[0094] Figure 18 shows a block diagram illustrating an example of a subsystem-
level view of a configuration system configuring two imaging tools 28 in a
substantially simultaneous manner. The subsystem view in Figure 18 can incorporate

the stereo calibration process illustrated in Figure 12.

V. ALTERNATIVE EMBODIMENTS

[0095] While the present invention has been particularly shown and described
with reference to the foregoing preferred and alternative embodiments, those skilled in
the art will understand that many variations may be made therein without departing
from the spirit and scope of the invention as defined in the following claims. This
description of the invention should be understood to include all novel and non-
obvious combinations of elements described herein, and claims may be presented in
this or a later application to any novel and non-obvious combination of these
clements. The foregoing embodiments are illustrative, and no single feature or
clement is essential to all possible combinations that may be claimed in this or a later

application.
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CLAIMS

What is claimed is:

1. A method for configuring an imaging tool (28) by aligning an imager (54)
within a housing component (84), comprising:

capturing a calibration image (120) from a source image (22) with the imaging
tool (28);

calculating an adjustment (254) by comparing a calibration reference point
(132) to a corresponding reference point (130) in a template image;

moving an alignment mechanism (32) without human intervention in
accordance with the calculated adjustment (254); and

aligning an imager (54) within a housing component (84) through the

movement of the alignment mechanism (32).

2. The method of claim 1, wherein a device inside the imaging tool (28)

calculates the adjustment (254).

3. The method of claim 2, wherein a controller (34) receives a message from the
imaging tool (28) that includes the calculated adjustment (254) and wherein the
controller (34) uses the message from imaging tool (28) to invoke the movement in

the alignment mechanism (32).

4. The method of claim 1, wherein the adjustment (254) includes an offset and a

roll angle.
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5. The method of claim 1, wherein the source image (22) includes at least two
circles, wherein the calibration image (120) includes at least two circles, and wherein

the template image is the source image (22).

6. The method of claim 1, wherein the calibration reference point (132) is a
centroid of an object in the calibration image (120), and wherein the corresponding
reference point (130) in the template image is the centroid of the corresponding object

in the template image.

7. The method of claim 1, wherein a tab (104) connected to a circuit board (102)
connected to the imager (54) is moved by the alignment mechanism (32) to align the
imager (54) within the housing component (84).

8. The method of claim 1, wherein the imaging tool (28) includes a housing
component (84), a lens (48), and a circuit board (102); and

wherein the housing component (84), lens (48), and circuit board (102) are not
permanently connected until after the alignment mechanism (32) automatically moves

in accordance with the calculated adjustment (254).

9. The method of claim 1, wherein the adjustment (254) is calculated to sub-pixel

accuracy.

10.  The method of claim 9, wherein a pixel is no larger than 12 square microns.
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11.  The method of claim 1, further comprising installing the imaging tool (28) in a

vehicle for use in an airbag deployment application.

12.  The method of claim 11, wherein the imaging tool (28) is configured in

accordance with an at-risk-zone of the vehicle.

13.  The method of claim 1, further comprising focusing the imaging tool (28)
using a first picture of the source image (22), wherein the first picture is taken at a

preset focus point.

14.  The method of claim 13, wherein focusing the imaging tool (28) includes
taking three pictures of the source image (22), wherein a second picture is taken on a
first side of the preset focus point, and wherein a third picture is taken on a second

side of the preset focus point.

15.  The method of claim 13, further comprising determining a focus adjustment

(216) using one of a blur circle diameter heuristic and an edge contrast heuristic.

16.  The method of claim 1, further comprising locking a lens (48) permanently in
place using a mechanical fastener after aligning the imager (54) within the housing

unit (84).

17.  The method of claim 16, wherein the mechanical fastener is one of a quick-set

UV and a thermal cure epoxy.
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18. The method of claim 1, attaching a circuit board (102) permanently to a
housing component (84) using one of a tapered fastener and a compliant press-fit

fastener.

19. The method of claim 1, wherein moving an alignment mechanism (32) in

accordance with the adjustment (254) is accomplished in a single angular motion.

20. The method of claim 1, further comprising positioning an alignment station
(30) between approximately 15 and 25 inches away from the lens (48).

21.  The method of claim 1, wherein two imaging tools (28) are configured in

substantially simultaneous manner with respect to a single source image (22).

22. A method of configuring an image sensor for use in a vehicle, comprising:
loading a lens (48), an imager (54), and an housing component (84) into an
alignment station (30);
connecting an imager (54) to a control device (32), wherein the imager (54) is
located on a circuit board (102);
focusing the lens (48) automatically with a lens focusing mechanism (26); and
aligning the circuit board (102) automatically with an alignment mechanism

(32), wherein the imager (54) is focused and aligned for use in a vehicle.

23. The method of claim 22, wherein the lens (48) is not yet focused when loaded
into said alignment station (30).
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24 The method of claim 22, wherein the lens (48), the circuit board (102), and the
housing component (84) are not securely fastened together when loaded into the

alignment station (30).

25 The method of claim 22, wherein the alignment station (30) is pre-aligned to a
source test image (120) mounted between approximately 17 and 22 inches away from
the lens (48).

26.  Animaging tool configuration system (20), comprising:

a first imaging tool (28), including a first lens (48), a first imager (54), and a
first housing component (84); wherein said first imaging tool (48) provides for the
capture of a first calibration image (120);

a focus subsystem (300), including a first focus actuator (26) and an automated
focus heuristic, wherein said focus subsystem (300) performs said automated focus
heuristic, and wherein said first focus actuator (26) automatiéally focuses said first
lens (48); and

an alignment subsystem (302), including an automated alignment heuristic and
a first alignment actuator (32), wherein said alignment subsystem (302) performs said
automated alignment heuristic, and wherein said alignment actuator (32) automatically

aligns said first imager (54).

27.  The system of claim 26, wherein said first imager (54) is mounted on a printed
circuit board (102) that is moved by said alignment subsystem (302) in a single

angular motion.
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28.  The system of claim 26, wherein said alignment subsystem (302) includes a
computer on said first imager for calculating an adjustment (254) used by said

alignment actuator (32) to automatically align said first imager (54).

29.  The system of claim 26, wherein said first calibration image (120) includes at

least two circles.

30.  The system of claim 26, wherein said automated alignment heuristic aligns a
reference data point (132) in said first calibration image (120) within two microns of a

corresponding data point in a template image.

31.  The system of claim 26, further comprising:

a second imaging tool (54), including a second lens (48), a second imager
(54), and a second housing component (84); wherein said second imaging tool (54)
provides for the capture of a second calibration image;

wherein said focus subsystem (300) further includes a second focus actuator
(26), wherein said focus subsystem (300) performs said automated focus heuristic, and
wherein said second focus actuator (26) automatically focuses said second lens (48)in
a substantially simultaneous manner with respect to the automatic focusing of said
first lens (48); and

wherein said alignment subsystem (302) further includes a second alignment
actuator (32), and wherein said alignment actuator (32) automatically aligns said
second imager (54) in a substantially simultaneous manner with respect to the

automatic aligning of said first imager (54).
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