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SYSTEM AND METHOD FOR OPTICALLY CO-REGISTERING PIXELS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Application No. 12/190,447 filed on

August 12, 2008, the entire contents of which are herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] Objects emit and/or reflect light. Systems and devices are oftentimes employed,

for example in sensing systems, to detect the light emitted and/or reflected from objects.
Such systems are used to discern the nature of the object.

[0003] Light emitted and/or reflected from objects can exhibit differing wavelengths. For
example, objects emit and/or reflect light in the visible waveband (.4 - .7 microns), which
is that waveband discernible by the human eye. In addition, however, objects emit and/or
reflect light in other wavebands, for example in the infrared (IR) waveband (1-20
microns). There are various systems for detecting light in differing wavebands.

[0004] For example, a focal plane array (FPA) is a device comprised of a plurality of
light-sensing pixels. The light-sensing pixels are typically comprised of a material that is
sensitive in a particular waveband based upon how the system is to be used, e.g., whether
it is desired for detection of visible light or infrared light.

[0005] Oftentimes, there is a front-end optical train that focuses the light emitted and/or
reflected from an object onto the FPA. In addition, there is typically a computing device
communicatively coupled to the FPA for receiving electrical signals from the FPA. Upon
receipt, the computing device can store data indicative of the electrical signals and/or
analyze the data as needed for a particular application.

[0006] Light emitted and/or reflected from objects can also be filtered. The filtering of
the light can lead to additional information about a scene or an object in a scene. For
example, polarization content in light waves can be used to analyze a scene or an object.

[0007] In this regard, light waves are electromagnetic waves made up of both electric and
magnetic fields. As light waves propagate, the electric and magnetic fields vibrate in a
geometric plane that is oriented orthogonally to the direction of travel of the light.
Polarization is a property of electromagnetic waves that describes the orientation of the

electromagnetic waves in such an orthogonal plane.
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[0008] An imaging polarimeter refers to a device that measures the orientation of the
various electric field components contained in light emitted from and/or reflected from an
object or a scene. Notably, the degree to which light that is emitted and/or reflected by an
object or a scene is “polarized” is a complex function of the material makeup, surface
roughness, and look angle between the observer and the surface normal of an object facet
because of the geometry, roughness and material properties of the objects embedded in
the scene.

[0009] Measurement of the polarization content of a scene improves the ability to detect
and discriminate objects over that provided by conventional intensity imaging. This is in
part because man-made objects tend to exhibit a higher degree of polarization than natural
background. Polarimetric imaging exploits this property to provide increased detectability

and discrimination over conventional intensity imaging.

SUMMARY OF THE INVENTION

[0010] A system in accordance with an embodiment of the present disclosure comprises
an optical element having a plurality of contiguous and connected lenses and a detecting
device having a plurality of light-sensitive pixels, the optical element having a lens in the
plurality of lenses associated with the plurality of light-sensitive pixels. The system
further comprises an intermediate imaging optic for receiving light indicative of an image
and focusing the light onto the plurality of contiguous and connected lenses such that the
image is produced on each of the associated light-sensitive pixels.

[0011] A method in accordance with an embodiment of the present disclosure comprises
the steps of receiving light indicative of an image and optically co-registering a plurality

of pixels with the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention can be better understood with reference to the following drawings.
The elements of the drawings are not necessarily to scale relative to each other, emphasis
instead being placed upon clearly illustrating the principles of the invention.
Furthermore, like reference numerals designate corresponding parts throughout the
figures.

[0013] FIG. 1 is a block diagram depicting an exemplary system for optically co-

registering pixels in accordance with an embodiment of the present disclosure.
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[0014] FIG. 2 is a block diagram of an exemplary focal point array (FPA) of the detecting
device depicted in FIG. 1.

[0015] FIG. 3 is a block diagram of the FPA of FIG. 2 having co-registered pixels as
imaged by the system of FIG. 1 for optically co-registering pixels.

[0016] FIG. 4 is a block diagram depicting optical components of the system depicted in
FIG. 1.

[0017] FIG. 5 is a block diagram of an optics train of the system of FIG. 1.

[0018] FIG. 6 is a ray tracing diagram of the optics train depicted in FIG. 5.

[0019] FIG. 7 is a block diagram depicting an exemplary system for optically filtering
and co-registering pixels in accordance with an embodiment of the present disclosure.

[0020] FIG. 8 is a polarization filter used in the system of FIG. 7.

[0021] FIG. 9 is a block diagram depicting optical components of the system depicted in
FIG. 7.

[0022] FIG. 10 is a block diagram of an optics train of the system of FIG. 7.

[0023] FIG. 11 is a ray tracing diagram of the optics train depicted in FIG. 10.

[0024] FIG. 12 is a block diagram illustrating intermediate imaging optics, dividing

optics, and a corresponding FPA.

[0025] FIG. 13 is a block diagram depicting a lens, a lens quadrant and a pixel quadrant
as shown in FIG. 12.
[0026] FIG. 14 is a block diagram depicting an offset of the lens of FIG. 13 so that the

pixels are evenly energized through the lens quadrant.

[0027] FIG. 15 depicts a plurality of offset lenses of the intermediate imaging optics
depicted in FIG. 12.

[0028] FIG. 16 is a flowchart depicting exemplary architecture and functionality of the
system of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0029] FIG. 1 is a block diagram depicting an exemplary system 100 for optically co-
registering pixels in accordance with an embodiment of the present disclosure. The
system 100 comprises co-registration optics 101, a detecting device 102, and an image
processing device 103.

[0030] An object 107 emits and/or reflects light, indicated by reference numerals 106.
The co-registration optics 101 receive and propagate the light 106 to the detecting device
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102. The detecting device 102 transmits electric signals indicative of the light 106 to the
image processing device 103, which resolves the image 107, if possible.

[0031] The co-registration optics 101 comprise intermediate imaging optics 104 and
dividing optics 105. The intermediate imaging optics 104 are made of a material and
exhibit a shape such that the intermediate imaging optics 104 propagate and focus the
light to a point at a center (not shown) of the dividing optics 105. As an example, the
intermediate imaging optics 104 may comprise a lens.

[0032] The dividing optics 105 divides the light from the intermediate imaging optics
104. In this regard, energy indicative of the light is divided on a plurality of light-sensing
pixels (not shown) in a subset of a plurality of light-sensing pixels of the detecting device
102, which is described further with reference to FIGS. 2 and 3. Energy is propagated
and divided on a per-pixel basis. Note that the energy may, in one embodiment, be
equally divided on the light-sensing pixels.

[0033] The detecting device 102 is communicatively coupled to the image processing
device 103. When the light 106 strikes the detecting device 102, the detecting device 102
generates a plurality of electric signals (not shown) representative of the light detected.
The image processing device 103 resolves the image, if possible, based upon the signals
received from the detecting device 102.

[0034] FIG. 1 is a block diagram for illustrating exemplary components of the system
100. While FIG. 1 shows the co-registration optics 101, the dividing optics 105, and the
detecting device 102 as separate components, in one embodiment each of these
components 101, 105, and 102 is formed, through microfabrication, on a single silicon
chip.

[0035] A block diagram depicting an exemplary detecting device 102 is shown in FIG. 2.
The detecting device 102 comprises a focal plane array (FPA) 200. The FPA 200 is a
matrix of contiguous detectors and/or light-sensing pixels 201.

[0036] Note that for simplicity of discussion, the FPA 200 is a matrix of 12 x 12 light-
sensing pixels 201. However, exemplary sizes of an FPA 200 include, but are not limited
to, 256 x 256, 512 x 512, or 640 x 480. The numbers in the exemplary sizes indicate the
number of pixels that are contained in the FPA 200. For example, a 256 x 256 FPA 200
would have 256 rows of 256 light-sensing pixels 201 thereby having a total of 65,536
light-sensing pixels 201. Other numbers of light-sensing pixels 201 are possible in other

embodiments of the FPA 200.



WO 2010/019711 PCT/US2009/053611

[0037] In addition, the bandwidth of light detectable by the FPA 200 relates, at least in
part, to the type of material used to fabricate the FPA 200. As an example, for detection
of mid-wave infrared in the 1-5 micron (um) waveband, indium antimonide (InSb)
semiconductor material is used in fabricating the FPA 200. As another example, for
detection of long-wave infrared in the 8-12 micron (um) wave band, Mercury Cadmium
Telluride (HgCdTe) semiconductor material is used in fabricating the FPA 200. Note that
the type of material used depends upon the waveband one desires to detect with the FPA
200.

[0038] As indicated with reference to FIG. 1, the co-registration optics 101 (FIG. 1)
propagate light 106 (FIG. 1) emitted and/or reflected by the object 107 (FIG. 1) to the
detecting device 102. FIG. 3 depicts an FPA 200 energized by the co-registration optics
101. For illustration and discussion, in one embodiment of the system 100, the FPA 200
can be visualized as an array of pixel quadrants 300, and each pixel quadrant 300 is made
up of four pixels 201-204. Thus, for the 12 x 12 light-sensing pixels 201 in the FPA 200
there are 36 pixel quadrants 300 having four light-sensing pixels 201-204 in each pixel
quadrant 300.

[0039] Note that spatially, FIG. 3 shows each of the energized pixels 201-204 in each
quadrant 300 as having literally an imaged portion of the object 107. However, this is
shown for theoretical and illustrative purposes only. What is imaged onto the FPA 200
per pixel 201-204 is not an image but a gray scale projection of the energy propagated per
pixel 201-204 from the dividing optics 105.

[0040] As described hereinabove with reference to FIG. 1, the intermediate imaging
optics 104 (FIG. 1) focuses light indicative of an image onto the dividing optics 105,
which include a plurality of contiguous lenses shown in more detail with reference to
FIGS. 4 and 5. The dividing optics 105 divides energy indicative of a portion of the light
emitted and/or reflected from the object 107 onto each pixel 201-204 per pixel quadrant
300. Thus, substantially the same image or the same amount of energy strikes each of the
four pixels 201-204 in each of the quadrants 300.

[0041] FIG. 4 depicts an exploded view of the system 100 for optically co-registering
pixels as depicted in FIG. 1. The co-registration optics 101 comprise the intermediate
imaging optics 104 and the dividing optics 105, as described with reference to FIG. 1.

[0042] In one embodiment, the intermediate imaging optics 104 comprise a plurality of

contiguous and connected lenses 400. The lenses 400 are arranged in a matrix-like
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formation. In one embodiment, the intermediate imaging optics 104 comprise a 6 x 6
array of focusing lenses 400. Notably, there is one focusing lens 400 per each pixel
quadrant 300 of the FPA 200.

[0043] In such an embodiment, the dividing optics 105 comprise a plurality of contiguous
and connected lens quadrants 401. Each of the lens quadrants 401 is made up of four
separate and distinct, but connected lenses 403-406. Notably, there is a lens 403-406 in
each of the plurality of lens quadrants 401 that focuses light onto, and therefore energizes,
each light-sensing pixel 201-204 of each pixel quadrant 300 defined on the FPA 200 of
the detecting device 102.

[0044] Note that in one embodiment, the intermediate imaging lenses 400 of the imaging
optics 104 and the lens quadrants 401 of the dividing optics 105 are not shown with 100%
fill factor. A 100% fill factor depiction would not convey, in the two-dimensional
representation of the optics 104 and 105, that each of the intermediate imaging optics 104
and the dividing optics 105 comprise a plurality of lenses having a radius of curvature.

[0045] In an embodiment of the present disclosure, the intermediate imaging optics 104
and the dividing optics 105 are manufactured with a maximum transmission aperture such
that the two-dimensional representation of the optics 104 and optics 105 would be a
matrix of rectangular segments of a sphere, as opposed to circular segments of a sphere.
Such maximization of the transmission aperture of the intermediate imaging optics 104
and dividing optics 105 serves to increase the fill factor of each of the lenses 400 and lens
quadrants 401. In this regard, if the intermediate imaging optics 104 and the dividing
optics 105 are manufactured as shown with reference to FIG. 4, fill factor of each of the
lenses 400 and lens quadrants 401 would be restricted relative to when the fill factor of
the intermediate imaging optics 104 or dividing optics 105 is maximized.

[0046] Thus, for each light-sensing pixel 201-204, there is a corresponding lens 403-406.
Accordingly, for each lens 400 there is a corresponding lens quadrant 401, and for each
lens quadrant 401, there is a corresponding pixel quadrant 300.

[0047] Each focusing lens 400 in intermediate imaging optics 104 focuses light on each
of the corresponding lens quadrants 401. Each lens quadrant 401 divides and propagates
the light received to each of the corresponding pixel quadrants 300. Thus, each pixel
201-204 in each pixel quadrant 300 is energized by the divided light and are therefore

energized substantially similar within each pixel quadrant 300.
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[0048] Note that this is illustrated spatially on the FPA 200 in FIG. 4 in that a portion of
the object is depicted as divided on each pixel 201 in the corresponding pixel quadrants
300. Showing the divided image on each of the pixels 201 in each pixel quadrant 300 of
the FPA 200 is for illustrative purposes only. What is imaged on each of the pixels 201 in
each pixel quadrant 300 of the FPA 200 is not an image but a gray scale projection of the
energy per pixel 201 propagated through each corresponding lens quadrant 401, which is
further depicted in FIG. 5.

[0049] FIG. 5 is an exploded view of a single optics train 500 of the system 100 depicted
in FIG. 4. The optics train 500 comprises the focusing lens 400, the lens quadrant 401,
and the corresponding pixel quadrant 300.

[0050] Light emitted and/or reflected from a portion of the object 107 (FIG. 4) projects
an image 501 on the lens 400. The focusing lens 400 is positioned relative to the
corresponding lens quadrant 401 such that light indicative of the image 501 converges as
energy 502 at a central position on the lens quadrant 401.

[0051] Note that the image 501 and the energy 502 are not exact depictions of how the
light is propagated through the focusing lens 400 and imaged on the lens quadrant 401
from the focusing lens 400. Rather, the image 501 and the energy 502 are shown for
illustrative purposes only.

[0052] A portion of the energy 502 relative to the image 501 strikes each of the lenses
403-406 of the lens quadrant 401. FEach lens 403-406 directs light to each of the
corresponding pixels 201 thereby dividing energy on each of the pixels 201 relative to the
quantity of light striking the lens quadrant 401. Notably, the lens quadrant 401 divides
the energy among the four corresponding pixels 201.

[0053] FIG. 6 is a side view of a ray tracing associated with the optics train 500 (FIG. 5)
illustrating the focusing lens 400, the lenses 404 and 406 of the lens quadrant 401, and
two adjacent pixels 201 of the pixel quadrant 300. Light, indicated by reference numeral
600, enters the focusing lens 400. As indicated by reference numeral 601, the focusing
lens 401 focuses the light onto the lens quadrant 401. As shown in FIG. 6, the energy 502
is focused at the center of the lens quadrant 401. Thus, a portion of the energy strikes
each of the lenses 404 and 406. The lenses 404 and 406 propagate the light, as indicated
by reference numerals 602 and 603, respectively, to a corresponding pixel 202 and 204,

thereby dividing the energy on each of the pixels 202 and 204 from the lens quadrant 401.
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Thus, the pixels 202 and 204 are co-registered with substantially the same amount of
energy as the other pixels 201 and 203 in the pixel quadrant 300.

[0054] FIG. 7 is a block diagram depicting another exemplary system 700 for optically
co-registering pixels in accordance with an embodiment of the present disclosure.
Similar to the system 100 of FIG. 1, the system 700 comprises the co-registration optics
101, the detecting device 102, and the image processing device 103. However, in
addition, the system 700 comprises a filter 701 situated between the co-registration optics
101 and the detecting device 102.

V[BOSS] The co-registration optics 101 receive light, indicated by reference arrows 702,
emitted and/or reflected from an object 703, and propagate the light 702 through the filter
701 to the detecting device 102. The detecting device 102 transmits signals indicative of
the light to the image processing device 101, which resolves the image 703, if possible.

[0056] The co-registration optics 101 comprise the intermediate imaging optics 104 and
dividing optics 105. Similar to the system 100, the intermediate imaging optics 104 are
made of a material and exhibit a shape such that the intermediate imaging optics 104
propagate and focus the light to a point at a center (not shown) of the dividing optics 105.
As an example, the intermediate imaging optics 104 may comprise a lens.

[0057] The dividing optics 105 divides the light from the intermediate imaging optics
104. In this regard, energy indicative of the light 702 is divided on each of a subset of a
plurality of filters of the filter device 701. The light 702 propagated through the filter 701
is imaged on the light-sensing pixels 201 (FIG. 2) of the detecting device 102. In this
regard, energy is divided and propagated through the filter 701 and to the detecting device
102 on a per-pixel basis.

[0058] The filter 701 may be any type of light filter known in the art or future-developed.
In one embodiment, the filter 701 comprises an array of polarization filters, and each
filter in the array is designed for propagating a particular electric field component of the
light. Notably, light is comprised of a plurality of electric field components that are
orientated differently in the plane perpendicular to the direction of travel of the light. In
another embodiment, the filter 701 is a multi-spectral filter for propagating light of
differing wavebands. For purposes of illustration and discussion, the filter 701 is a
polarization filter and is described in more detail with reference to FIG. 8.

[0059] As described hereinabove with reference to FIG. 1, the detecting device 102 is

communicatively coupled to the image processing device 103. When the light indicative
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of the image 703 is imaged onto the detecting device 102, the detecting device 102
generates a plurality of electric signals (not shown) representative of the light detected.
The image processing device 103 resolves the image, if possible, based upon the signals
received from the detecting device 102.

[0060] FIG. 8 depicts an exemplary filter 701 comprising a micro-polarizer array (MPA)
800 in accordance with an embodiment of the present disclosure. The MPA 800
comprises a plurality of filter quadrants 801. The term “filter quadrant™ refers to a two-
by-two array of four polarizing filters 802-805.

[0061] Each of the filters 802-805 is designed to transmit a component of light wherein
each component corresponds to a different electric field component orientation of the
light. As an example, filter 802 transmits electric field components of light oriented at
90°, filter 803 transmits electric field components of light oriented at 0°, filter 804
transmits electric field components of light oriented at 135° and filter 805 transmits
electric field components of light oriented at 45°.

[0062] FIG. 9 depicts the system 700 comprising the co-registration optics 101, the filter
701, and the detecting device 102 in accordance with an embodiment of the present
disclosure. The co-registration optics 101 comprise the intermediate imaging optics 104
and the dividing optics 105, which are substantially similar to and are described
hereinabove with reference to FIGS. 1-6. The filter 701 comprises the MPA 800 and is
situated between the co-registration optics 101 and the detecting device 102.

[0063] System 700 differs from system 100 (FIG. 1) in that there is a filter 701 prior to
the detecting device 102. However, the system 700 co-registers the pixels 201 of the
detecting device 102 in substantially the same manner.

[0064] In this regard, for each focusing lens 400 in the intermediate imaging optics 104,
there is a corresponding lens quadrant 401. Each focusing lens 400 focuses light emitted
and/or reflected from the object 703 onto each of the plurality of corresponding lens
quadrants 401. Each focusing lens 400 focuses light at the center of each corresponding
lens quadrant 401.

[0065] For each lens quadrant 401 there is a corresponding filter quadrant 801. Thus, for
each lens 403-406 in the lens quadrant 401, there is a corresponding filter 802-805. Each
lens 403-406 propagates a portion of the light to each of the filters 802-805. The portion
of the light propagated by the lens quadrant 401 to each of the filters 802-805 is
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substantially the same in energy quantity. The lens quadrant 401 divides energy from the
lens 400 and projects substantially the same energy onto each of the filters 802-805.

[0066] The detecting device 102 comprises the FPA 200 having a plurality of pixel
quadrants 201-204 wherein each pixel quadrant 300 comprises four pixels 201-204. For
each pixel quadrant 300 in the FPA 200 there is a corresponding filter quadrant 801.
Accordingly, for each light-sensing pixel 201-204 in the pixel quadrant 300 there is a
corresponding filter 802-805.

[0067] In the exemplary embodiment described with reference to FIG. 8 wherein the
filter 701 is a polarization filter, light passing through each lens 401 is optically filtered
by four distinct filters 802-805. In this regard, light oriented at 90° passes through filter
802 and energizes the pixel 201, light oriented at 0° passes through filter 803 and
energizes the pixel 202, light oriented at 135° passes through filter 803 and energizes the
pixel 203, and light oriented at 45° passes through filter 805 and energizes the pixel 204.

[0068] Therefore, the system 700 simultaneously optically co-registers a plurality of
pixels 201-204. When the filter 701 is a polarization filter, the system 700 optically co-
registers differing polarization information in each of the plurality of pixels 201-204
contained in the pixel quadrant 300 associated with the lens 400.

[0069] FIG. 10 is an exploded view of a single optics train 1000 of the system 700
depicted in FIG. 9. The optics train 1000 comprises the focusing lens 400, the lens
quadrant 401, the filter quadrant 800, and the corresponding pixel quadrant 300.

[0070] Light emitted and/or reflected from a portion of the object 703 (FIG. 4) projects
an image 501 on the focusing lens 400. The focusing lens 400 is positioned relative to the
corresponding lens quadrant 401 such that light indicative of the image 501 converges as
energy 502 at a central position on the lens quadrant 401.

[0071] Note that the image 501 and the energy 502 are not exact depictions of how the
light is propagated through the focusing lens 400 and imaged on the lens quadrant 401
from the focusing lens 400. Rather, the image 501 and the energy 502 are shown for
illustrative purposes only.

[0072] A portion of the energy 502 relative to the image 501 equally strikes at least a
portion of each of the lenses 403-406 of the lens quadrant 401. Each lens 403-406 directs
light to each of the corresponding filters 802-805 of the filter quadrant 800. As described

hereinabove, in one embodiment of the present disclosure the filters 802-805 are
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polarization filters that transmit electric field components of light oriented at 90°, 0°, 135°,
and 45°, respectively.

[0073] The light divided onto filter 802 filters all light except for that oriented at 90°.
Therefore, only that portion of the light oriented at 90° energizes pixel 201. The light
divided onto filter 803 filters all light except for that oriented at 0°.  Therefore, only that
portion of the light oriented at 0° energizes pixel 202. The light divided onto filter 804
filters all light except for that oriented at 135°.  Therefore, only that portion of the light
oriented at 135° energizes pixel 203. The light divided onto filter 805 filters all light
except for that oriented at 45°.  Therefore, only that portion of the light oriented at 45°
energizes pixel 204. In such a system, the pixels 201-204 are simultaneously co-
registered with polarization information obtained from the image 703.

[0074] FIG. 11 is a side view of a ray tracing associated with the optics train 1000 (FIG.
10) illustrating the focusing lens 400, the lenses 404 and 406 of the lens quadrant 401,
two filters 803 and 805 of the filter quadrant 801, and two adjacent pixels 202 and 204 of
the pixel quadrant 300. Light, indicated by reference numeral 1100, enters the focusing
lens 400.

[0075] As indicated by reference numeral 1101, the focusing lens 400 focuses the light
onto lenses 404 and 406 of the lens quadrant 401. As shown in FIG. 11, the energy 502 is
focused at the center of the lenses 404 and 406. Each of the lenses 404 and 406 reflects
the light, as indicated by reference numerals 1102 and 1103, respectively, to the
corresponding filters 803 and 805 of the filter quadrant 801, respectively.

[0076] Through the filter quadrant 801, the light strikes pixels 202 and 204. The optics
train 1000 divides the energy on each of the pixels 202 and 204 from the lens quadrant
401 through the filter quadrant 801. Thus, the pixels 202 and 204 are co-registered with
the polarized electric field components of the light oriented at the direction of each
corresponding filter 802-805.

[0077] In one embodiment of the system 100 (FIG. 1), the lenses 400 (FIG. 4) are offset
with respect to their corresponding lens quadrants 401 (FIG. 4) in order to ensure that
energy is evenly distributed onto their corresponding pixel quadrants 300 (FIG. 4). This
concept is further illustrated with respect to FIGS. 12-15.

[0078] FIG. 12 depicts intermediate imaging optics 1200 comprised of a plurality of
lenses, including lens 270 and lens 280. FIG. 12 further illustrates dividing optics 1201

comprised of a plurality of lens quadrants, including lens quadrant 271 and lens quadrant
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281 corresponding to lenses 270 and 280, respectively. In addition, FIG. 12 depicts a
corresponding FPA 1202 comprised of a plurality of pixel quadrants, including pixel
quadrant 272 corresponding to lens 270 and lens quadrant 271 and pixel quadrant 282
corresponding to lens 280 and lens quadrant 281.

[0079] Note that FIG. 12 is an exploded view of the intermediate imaging optics 1200,
dividing optics 1201, and FPA 1202. As described hereinabove, in one embodiment,
each of these components 1200-1202 is microfabricated on a semiconductor. They are
illustrated in an exploded view in order to fully illustrate concepts in accordance with an
embodiment of the present disclosure.

[0080] Further note that as used herein, lens 270 corresponding to lens quadrant 271 and
pixel quadrant 272 means that light entering lens 270 is focused onto lens quadrant 271.
Further, light focused onto lens quadrant 271 is divided and energizes a plurality of pixels
294-297 of the pixel quadrant 272. Also, as used herein, lens 280 corresponding to lens
quadrant 281 and pixel quadrant 282 means that light entering lens 280 is focused onto
lens quadrant 281. Further, light focused onto lens quadrant 281 is divided and energizes
a plurality of pixels 294-297.

[0081] In FIG. 12, each lens in the intermediate imaging optics 1200 is illustrated as
evenly distributed in a matrix-like fashion. In such an example, light focused onto the
plurality of lens quadrants in the dividing optics 1201 may not be appropriately centered
onto their corresponding lens quadrants. In this regard, for each pixel quadrant, e.g., 272
and 282, the corresponding lens quadrants, e.g., 271 and 281, is to evenly energize each
of the corresponding pixels 294-297 and 290-293, respectively.

[0082] To further illustrate, light propagating through lens 280 may generate energy 83
centered on the lens quadrant 281. Because it is centered on the lens quadrant 281, each
of the corresponding pixels 290-293 are evenly energized by the light passing through the
lens quadrant 281.

[0083] However, light propagating through lens 270 may generate energy 73 on the lens
quadrant 271 that is not centered on the lens quadrant 271. Notably, energy 73 may be
off-centered in the —y direction, as shown, due to the location of the lens 270 in the
intermediate imaging optics 1200.

[0084] Because the energy 73 is not centered on the lens quadrant 271, each of the
corresponding pixels 294-297 are not evenly energized by the light passing through the

lens quadrant 281. In particular, the energy 73 is off-centered in the —y direction such
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that all the energy 73 energizes pixels 296 and 297 without energizing pixels 294 and
295.

[0085] Note that for brevity, only one lens quadrant 271 and pixel quadrant 272 is
described having off-centered energy 73. Further note that only one dimension is
described as being offset, i.e., in the —y direction. However, based upon location of the
lens quadrants in the dividing optics 1201, the energy focused onto the corresponding lens
quadrants may be offset from center in the +/- y or +/-x direction.

[0086] FIG. 13 depicts the lens 270 directing light 274 onto the lens quadrant 271. The
lens 270 projects light 274 such that the energy 73 is displaced by d, in the —y direction
from a center 1302 of the lens quadrant 271. The energy 73 is divided only between a
lens 1300 and a lens 1301 of the lens quadrant 271. Therefore, the energy is not evenly
distributed onto the pixel quadrant 272 and only pixels 296 and 297 of the pixel quadrant
272 are energized.

[0087] In order to ensure that each lens quadrant in the dividing optics 1201 evenly
divides and distributes energy onto the pixels in their corresponding pixels quadrants in
the FPA 1202, each lens in the intermediate imaging optics 1200 can be designed with
offset, if needed, in the matrix-like formation. To further illustrate, FIG. 14 depicts the
lens 270 directing light 1403 onto the lens quadrant 271. However, in contrast to FIG. 13,
the lens 270 is moved d; in the +y direction.

[0088] Because the lens 270 is now moved, the lens 270 projects light 1403 such that the
energy 73 is centered on the lens quadrant 271 and is no longer offset. The energy 73 is
now divided between all four lenses 1300-1304 of the lens quadrant 271. Therefore, the
energy is now evenly distributed onto the pixel quadrant 272 and each pixels 294-297 of
the pixel quadrant 272 is equally energized.

[0089] In design of the intermediate imaging optics 1200, such analysis can be performed
for each lens, e.g., 270 and 280, and corresponding lens quadrant, e.g., 271 and 281,
respectively. FIG. 15 depicts exemplary positioning of each lens in the intermediate
imaging optics 1200 after such an analysis has been performed for each lens. Thus, as an
example, each of the lenses in the row 1500 may be offset by d» in the +y direction to
account for the position of the lenses in row 1500. Whereas, those lenses in row 1501
may be offset by d; in the +x direction to account for the position of the lenses in row

1501.
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[0090] FIG. 16 is a flowchart depicting an exemplary method in accordance with an
embodiment of the present disclosure. In such a method, the system 100 (FIG. 1)
receives light 106 (FIG. 1) emitted and/or reflected from an object 107 (FIG. 1), as
indicated in step 1600. In one embodiment, the light 106 is received by co-registration
optics 101 (FIG 1) comprised of intermediate imaging optics 104 (FIG. 1) and dividing
optics 105 (FIG. 1).

[0091] The co-registration optics 101, upon receipt, optically co-registers a plurality of
light-sensing pixels with energy indicative of a portion of the light received, as indicated
in step 1601. The co-registration optics 101 accomplishes co-registration by focusing the
light 106 at a center of a lens quadrant 401 (FIG. 4). In one embodiment, the lens
quadrant 401 divides energy indicative of the light on each pixel in a set of pixels thereby

co-registering the pixels with the energy.
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CLAIMS

Now, therefore, the following is claimed:

L. A system, comprising:

an optical element having a plurality of contiguous lenses;

a detecting device having a plurality of light-sensing pixels, the optical element
having a lens in the plurality of lenses associated with each of the plurality of light-
sensing pixels; and h

intermediate imaging optics for receiving light emitted and/or reflected from an
object and focusing the light onto the plurality of contiguous lenses such that energy

indicative of the image is divided on each of the associated light-sensing pixels.

2. The system of claim 1, wherein the optical element is a two-by-two array
of lenses.
3. The system of claim 2, wherein the intermediate imaging optics comprises

at least one lens for focusing the light at the center of the two-by-two array of lenses.
4. The system of claim 3, wherein each lens in the two-by-two array of lenses
focuses a portion of the light onto a corresponding one of the plurality of light-sensing

pixels thereby equally dividing energy on each of the plurality of light-sensing pixels.

5. The system of claim 1 further comprising a filter associated with each

contiguous lens or subset thereof.

6. The system of claim 5, wherein each filter is positioned between one of

the contiguous lenses and corresponding light-sensing pixel.

7. The system of claim 6, wherein each filter is a polarization filter for

filtering differing light electric field component orientations.

8. The system of claim 7, wherein the optical element transmits a portion of

the light through each filter such that each light-sensing pixel is energized by light
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associated with a differing electric field component orientation based upon the

corresponding filter.

9. The system of claim 1, wherein the optical element comprises a plurality

of lens quadrants.

10.  The system of claim 9, wherein the intermediate imaging optics comprises
a plurality of focusing lenses organized in a matrix-like formation, the intermediate
imaging optics having a focusing lens corresponding to each of the plurality of lens

quadrants.

11.  The system of claim 10, wherein at least one of the lenses is offset with
respect to a center of the corresponding lens quadrant so that the light focuses on the

center of the lens quadrant.

12. A system, comprising:
a focal plane array comprising a plurality of light-sensing pixels; and
co-registration optics for optically co-registering at least two of the plurality of

light-sensing pixels based upon light emitted and/or reflected from an object.

13.  The system of claim 12, further comprising a filter interposed between the

co-registration optics and the focal plane array.
14.  The system of claim 13, wherein the filter is a polarization filter.
15.  The system of claim 13, wherein the filter is a multi-spectral filter.
16. A method, comprising:
receiving light emitted and/or reflected from and object; and

optically co-registering a plurality of light-sensing pixels with energy indicative of

a portion of the light received from the object.
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17. The method of claim 16, wherein the co-registration further comprises

propagating the light through a two-by-two array of lenses.

18.  The method of claim 17, wherein the co-registration further comprises

focusing the light received from the object at the center of the two-by-two array of lenses.

19.  The method of claim 18, wherein the co-registration further comprises
equally dividing energy on the plurality of light-sensing pixels based upon the light at the

center of the two-by-two array of lenses.

20.  The method of claim 16, further comprising the step of filtering the light

prior to co-registering the light-sensing pixels.

21. The method of claim 20, wherein the filtering step is performed with a
plurality of polarization filters, each of the plurality for transmitting light at a differing

electric field component orientation.

22.  The method of claim 21, wherein the co-registration step comprises the
step of transmitting a portion of the light through each of the plurality of filters such that
each light-sensing pixels is energized by light associated with a differing electric field

component orientation based upon the corresponding filter.
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