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ADAPTIVE OPTICAL PLANE FORMATION WITH ROLLING SHUTTER

TECHNICAL FIELD:

[0001] The present invention relates to methods and optical devices that provide an

increased depth of field.

BACKGROUND:

{0002] Traditional photography relies on exposing a planar portion of the film
through a fixed focusing lens (or lenses) so that an object of interest would be precisely
focused on the film. The film is disposed perpendicular to an optical axis and located at
an image distance s; behind the lens that matches an object distance so at which the object
is located in front of the lens. Especially in macro photography but to a lesser extent with
all photography, other objects within the exposed scene but at a distance other than the
image distance s are out of focus on the film. This basic concept prevalent throughout
film photography continued as digital photography was introduced, using a pixilated array

in place of the film.

{0003] Fig. 1 is a prior art schematic diagram showing a lens 20 focused on an
object located at an infinite object distance, so that all light rays 22 incoming to the lens 20
are substantially parallel. The lens is assumed thin for certain assumptions. The focal
length f of the lens 20 is that distance behind the lens where parallel light rays entering the
lens are focused. The image distance s; is that distance behind the lens 20 wherein light
through the lens from a specific object distance sy is focused. Since the object distance sp
in Fig. 1 is far (the light rays incoming to the lens 20 are substantially parallel), then si=f,
the image distance is the lens focal length.. The sensor 24, which may be film, a digital
pixilated surface, a sensing array, etc., is positioned at the image distance s; so that the
particular object imaged is in focus. This relation is described by the Gaussian (thin) lens

1 1 . . . . . 1
formula: — =—+ —_. For an object located at an infinite distance, so is large and —

So S Sy

i

becomes vanishingly small, so f~s;.  Fig. 2A is similar to Fig. 1, but with the lens 20

moved so that an object at a distance sy<<oo (e.g., less than about 20”) is instead focused

on the sensor 24. The focal length f has not changed between Figs. 1 and 2A,; it is set by
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the shape and refractive index of the lens 20. Movement of the lens 20 or sensor 24

enables focusing of non-parallel incoming light rays 22 at the sensor 24, and the relation is

represented mathematically as s, = Sof_ .
so—f
[0004] Fig. 2B is a photograph (such as one taken with the lens arrangement of

Fig. 2A) of domino tiles disposed at various distances from the lens, and illustrates depth
of field. The image shows three consecutive domino tiles 25, 26, 27, each having a
horizontal line and three dots visible above that line. The middle of those three domino
tiles 26 is located at the distance so of Fig. 2A, and is therefore in sharp focus on the sensor
that we view as Fig. 2B. The remaining two 25, 27 of those three domino tiles are in
acceptable focus, and are located at respective distances so-x and so-x, assuming all domino
tiles are equally spaced from one another by a distance x. All other domino tiles are
blurred, as they are located more than the distance x from sy. Critical or precise focus may
~ be achieved at only one distance sp from the lens 20. In Figs. 1-2B, this distance is the

object distance sp.

[0005] As is evident in Fig. 2B, there is a range of distances (sp%x) for which

focus is acceptably sharp. This zone of acceptable focus is termed depth of field. More
technically, the depth of field is the region where the size of the circle of confusion is less
than the resolution of the human eye. The circle of confusion is a term well known in the
optical and photographic arts, and relates to the fuzziest a point can be and still be
considered "in focus". Increasing depth of field has been the subject of certain

improvements to the arrangements of Figs. 1 and 2A.

[0006] One such prior art arrangement to increase depth of field is shown
schematically at Fig. 3. In this arrangement, the sensor 24 defines a surface that is tilted
and no longer perpendicular to the optical axis 26 defined by the lens 20. An object
located nearer the top of Fig. 3 is at a distance so; from the lens 20. Light rays 22a
incoming to the lens 20 are not parallel, is focused precisely at a portion of the sensor 24 at
a distance s;; behind the lens 20. Within the same scene and within the same exposure of
the sensor is a second object, located nearer the bottom of Fig. 3 and at a distance sginf

from the lens 20. Light rays 22b from this second object are substantially parallel when
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they enter the lens 20, and are focused precisely on a portion of the sensor 24 that is at a
distance s;i,r behind the lens 20. Because s;; is not equal to sjiss, depth of field is increased,
i.e. the position of the best focus shifts when moving from the top of Fig. 3 towards the
bottom of Fig. 3. The arrangement of Fig. 3 is implemented commercially in the Canon®
TS-E 24 mm lens of Fig. 4 allowing to better image objects or scenes which appear
“tilted” respect to the camera device. This effect is achieved by arranging a tilt angle
between the imaging lens(es) and the sensor plane either by tilting the lens(es) alone or by

tilting the sensor itself, as described below.

[0007] Another prior art arrangement is described in US Pat. No. 6,783,068,
entitled “Large Depth of Field Line Scan Camera”. In this adaptation, a scanning system
utilizes a randomly addressable image sensor, which is selectively positioned at the
Scheimpflug angle in the image plane in order to detect focused light reflected from an
object. Light reflected from the object is focused onto the sensor through an objective
lens. Since the sensor is mounted at the Scheimpflug angle, each strip within the depth of

field of the object plane has corresponding pixels on the sensor that are in focus.

{0008] US Pat. No. 6,567,126 is entitled “Planar Focus Correction” and describes a
camera that includes a detector array and an objective lens arranged to direct optical
radiation from an object plane onto the detector. The lens defines an optical axis of the
camera, and the object plane is at an oblique angle. An optical axis movement device
changes the relative orientation of the detector with respect to the lens so that the detector
and lens may be moved relatively toward or away from each other along the optical axis
and also tilted with respect to each other with at least one degree of freedom. This enables
a focus detection device, connected to the detector, to detect when a portion of an image
falling on the detector is in focus, holding an in-focus portion of the image in focus until a

second portion also comes into focus.

[0009] US Pat. No. 6,445415 is entitled “Increased Depth of Field for
Photography” and is described as primarily for electronic cameras. An image is created
electronically from a sensor in the camera and is based on a multi photo technique.
Several photos are shot with different focused parts of the scene subjects in the respective
photo, and a basic image is integrated by contributions from the different images.

Calculated image transfers are based on lens- or sensor settings for the respective images.
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[0010] US Pat. No. 5,282,045 is entitled “Depth of Field Control Apparatus and
Image Pickup Apparatus Having the Same Therein”. In this patent, image signals
corresponding to a plurality of picture images different in focal point or length position are
obtained by a mechanism for changing a focal point or length position to produce a new
image signal by composing these image signals through a composition circuit. Motion
information of an object is obtained by a circuit for detecting a moving portion in the
object to control the image composition by the motion information. The focal point or
length position is moved in synchronism with an integer multiple of a vertical scanning
period of the television. The image signals corresponding to the plurality of picture
images, different in focal point or length position, are obtained within one vertical
scanning period determined by the system of the television. The amount of movement of
thc focal point or length position is controlled in conjunction with a value of a lens
aperture of the camera lens. The image compositioﬁ is controlled by a composition
control circuit made up of a circuit for detecting individual powers of image signals
corresponding to a plurality of different picture images, a circuit for comparing the
detected powers with each other, and a circuit for detecting the position of an edge
included in one of the image signals. A control signal for the image composition produced
by the power comparison circuit is compensated by the edge position information obtained

by the edge detection circuit.

[0011] While interesting, each of the above prior art descriptions appear to overlay
different planar images of objects within a scene to arrive at a composite having a higher
depth of field as compared to any of the individual planar images. However, optical lenses
are known to define a Petzval surface or Petzval field curvature as shown in Fig. 5.
Briefly, a Petzval surface is a paraboloidal surface at which objects lying along a plane
that is perpendicular to the optical axis are precisely focused on the opposed side of the

lens 20. Assume a fixed distance of sg in Fig. 5. Objects at the distance so from the optical

center 32 in front of the lens 20 are along the curved surface &, and absent aberrations are

focused precisely at the curved surface 28 behind the lens 20 as defined by the image

distance s;. These curves & and 28 are typically spherical, but their shape depends upon

the lens curvature. Now, flatten the curve & to a plane that is perpendicular to the optical
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axis 26 at a distance sy, yielding the object plane §,’. For imaging the scene at the object
plane &’ at the planar sensor 24, this imposes an additional aberration, because objects

along the object plane 8y’ are now precisely focused along the Petzval surface 30, which

further diverges from the (spherical) surface 28. It is stipulated that divergence between
the planar and curved surfaces of Fig. 5 are exaggerated for clarity of illustration. The
planar sensor 24 now images two orders of aberrations, the first due to its non-coincidence
with the (spherical) surface 28 defined by the distance s;, and the second due to its non-
coincidence with the (paraboloidal) Petzval surface 30. The image is focused precisely
only at the optical axis, where the sensor 24 is tangent to and co-incident with both curved
surfaces 28, 30. Objects imaged off the optical axis are increasingly out of focus. These
aberrations are due to field curvature. Using the example of Fig 2B, the best-focused
domino tile 26 may be precisely focused only at the horizontal line of that tile because that
line is located along the optical axis, while the top and bottom of that same tile 26 are out
of focus due to field curvature, though not particularly noticeable in Fig. 2B. None of the
above prior art solutions for increasing depth-of-field are seen to offset field curvature, in
either the first or second order. Whereas a four-lens arrangement known in the art may
minimize or even eliminate the field curvature illustrated by Fig. 5, such arrangements
yield a shallow depth of field, because the object distance at which precise focus is
obtained is merely shifted from a curved to a planar surface without additional optical

aberration, yet precise focus still lies at only one distance from the lens 20.

SUMMARY:
[0012] The foregoing and other problems are overcome, and other advantages are

realized, in accordance with the presently detailed embodiments of these teachings.

[0013] According to one embodiment, the invention is a method for imaging a
scene. The method includes manipulating an optical relationship between an optical lens
and an image sensing surface, and exposing different portions of the image sensing surface
synchronous with manipulating the optical relationship. The optical relationship is
manipulated so that the image sensing surface is spaced at different effective image

distances from the lens. The synchronous actions may be adaptive to objects in the scene
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being imaged, such as distance of objects from the lens, brightness of objects to vary
exposure time of the different portions, and/or speed of object movement to vary exposure
time of the different portions. Exposing different portions of the sensing surface includes
a traditional film and shutter arrangement, voltage integration of pixels on a digital sensing

surface, as well as other imaging techniques.

[0014] According to another embodiment, the invention is another method for
imaging a scene. This other method includes determining a first and a second object
distance between a lens and respective first and second objects in a scene. Within a
continuous exposure frame, a first portion of an image sensing surface is exposed while
the image sensing surface is at a first effective image distance from the lens, and a second
portion of the image sensing surface is exposed while the image sensing surface is at a
second effective image distance from the lens. The first and second effective image
distances correspond to the first and second object distances, generally in a known way
according to optical characteristics of the lens itself. The exposed first and second

portions are then combined into a single image.

[0015] According to another embodiment, the invention is a camera that includes a
lens, an image sensor such as photographic film or an array of photo-sensitive pixels that
form a sensing surface. The camera also includes exposure means for separately exposing
different portions of the sensing surface within a single exposure frame. The exposure
means may be a curtain-based rolling shutter or it may be integrating/exposing pixels (or
groups or rows of pixels) over different time periods within the exposure frame. The
camera also includes means for manipulating an optical relationship between the lens and
the sensing surface so that the sensing surface lies at an image distance that changes. The
means for manipulating may comprise mechanical linkage to move the lens and sensing
surface relative to one another, or a voltage source with leads to apply a voltage to a liquid
lens, thereby changing its shape and effective image distance. The camera includes a

processor for synchronizing the means for manipulating with the exposure means.

[0016] According to another embodiment, the present invention is a device that
includes a device housing, as well as a lens, an image sensor, exposure means and a
processor as immediately above. The light passing through the lens also enters the

housing, and the device may be a mobile station. This device has an optical manipulation
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means for maintaining the image sensor at an effective image distance from the lens that

varies over the single exposure frame.

[0017] According to another embodiment, the invention is a program of machine-
readable instructions, tangibly embodied on an information bearing medium and
executable by a digital data processor, to perform actions directed toward operating a
camera. The actions include, during an exposure frame period, maintaining an image
sensing surface at a variable effective image distance from a lens synchronously with
exposing different portions of the sensing surface. In some embodiments, either or both of
maintaining the image sensing surface at the variable effective image distance and
exposing different portions of the image sensing surface are adaptive to objects in a scene
to be imaged at the sensing surface, such as their distance from the lens, their brightness,

their speed of movement, or other parameters.

{0018] According to another embodiment, the invention is an apparatus for
adaptively imaging a scene. The apparatus includes means for focusing light from a
scene, means for imaging the focused light such as film or a pixilated array, means for
determining a first and a second object distance, means for differentially exposing
selectable portions of the sensing surface to light passing through the means for focusing,
means for varying an effective image distance between the means for focusing light and
the means for imaging, and means for synchronizing the means for varying with the means

for differentially exposing.

[0019] According to yet another embodiment, the present invention is a method of
imaging a scene. This method includes imposing on a sensing surface an effective optical
curvature that depends from a scene, and imaging the scene at the sensing surface having
the effective optical curvature. That the curvature is effective means that it need not be

embodied in a spatial sense.

[0020] Other various aspects, embodiments, and adaptations of the invention are

disclosed in detail below.
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BRIEF DESCRIPTION OF THE DRAWINGS:

[0021] The foregoing and other aspects of these teachings are made more evident
in the following Detailed Description, when read in conjunction with the attached Drawing

Figures, wherein:

[0022] Fig. 1 is a prior art schematic diagram showing focusing of an object at a
large object distance where incoming light rays may be considered as being parallel to one

another.

[0023] Fig. 2A is a prior art schematic diagram showing focusing of an object at a

shorter distance where incoming light rays are not parallel.

[0024] Fig. 2B is an image of domino tiles at different object distances, illustrating
depth of field.
[0025] Fig. 3 is a prior art schematic diagram showing a sensor surface inclined

relative to the optical axis defined by the lens.

[0026] Fig. 4 is a prior art image of a commercial product incorporating the

concept of Fig. 3.

[0027] Fig. 5 is a prior art schematic diagram illustrating off-axis aberrations and a

Petzval surface.

[0028] Fig. 6 is a schematic diagram showing a lens and sensor that illustrate the

optical effect of an embodiment of the present invention.

[0029] Fig. 7 is a schematic diagram showing a moveable lens and sensor

according to an embodiment, which results in the optical effect of Fig. 6.

{0030] Fig. 8 is a schematic diagram showing the concept of a rolling shutter for

exposing different rows of a sensor according to a first lens movement.

[0031] Fig. 9 is similar to Fig. 8 but for a second lens movement.
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[0032] Fig. 10A is a scene showing objects at four different object distances.

[0033] Fig. 10B is a sensor surface with outlines of the objects of Fig. 10A,

illustrating scene adaptive pixel exposure as a focusing lens translates.

[0034] Fig. 11 is a schematic block diagram showing a camera according to the

present invention disposed within a mobile station.

DETAILED DESCRIPTION:

[0035] The present invention incorporates in certain embodiments a rolling shutter.
A focal plane shutter of a traditional 35 mm SLR camera creates a slit of variable width by
using two curtains that travel in front of the photographic film. While the rate of the travel
is fixed, exposure time is varied by changing the time that elapses between the release of
the first shutter curtain and the release of the second shutter curtain. When the camera
takes a photograph, the shutter is opened as follows: the first curtain is released, and at
some later time (the exposure time), the second curtain is released. The width of the slit

determines the total time any part of the film is exposed.

[0036] Digital photography uses an array of pixels (e.g., photodiodes) along the
sensor surface, which are pre-charged to a known voltage prior to “exposurc” of the
sensor, which is technically the integration period of the individual pixels. The pixels are
removed from the source of the pre-charge at the start of the integration period, when the
actuator for the digital camera is depressed. Once the source of the pre-charge is
disconnected from the pixels, each pixel leaks charge as a function of light (photons)
striking that particular pixel. The remaining charge at the end of the integration period
(typically at readout of the pixels) is inversely proportional to the light to which the pixel
was exposed. The remaining charge on each pixel is electronically read out and spatially
combined with other pixels of the array to construct the digital image. |

[0037] The concept of rolling
shutters in digital photography is then removing the pre-charge from a particular group of
pixels, but not from all pixels in the array. Similarly to the rolling shutter of film

photography, the pre-charge may be disconnected from different horizontal lines of pixels
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ion a sequential manner. Each line of pixels then has an integration period that is less than
the scan period for the entire array, exposure of the pixels ‘rolls’ among the lines.
Disconnecting the pre-charge from a line is analogous to releasing the first curtain of a 35
mm SLR camera, and readout (which ends the integration period) is analogous to releasing
the second curtain. The term rolling shutter is used herein to refer to both film and digital
embodiments. Clearly then, exposing different portions of an image sensing surface (to
light through a lens), as used herein and in the claims, can be arranged by using a separate
shutter external to the image sensor (e.g., traditional film photography), or without any
external shutter using a sensor having internal (e.g, a readout integrated circuit) electronic
rolling shutter capability, i.e., a sensor where the exposure of the pixels is defined
electronically by how they are read out, for example line by line. Because in digital
photography there is no physical curtain but rather a circuit-based switch between each
pixel and the pre-charge source (and also between the pixel and readout circuitry), digital
cameras are not restricted to rolling shutters that are line-based as in the above example,
but can vary exposure/integration time among individual or distinct groups of pixels even

where the pixels or groups are not contiguous for sequential exposure times.

[0038] To appreciate the statement immediately above, consider a scene with a

first and second object in a foreground, each at a fixed object distance s¢; and so; from the

lens, and a background at an object distance sp3=co from the same lens. Assume the first

object is in motion, so a shorter exposure time is desirable to maintain focus. Neither the
second object nor the background is in motion, so a longer exposure time enhances photo
quality due to more photons striking the pixels over the increased integration time. Longer
exposure times are particularly valuable in low light conditions, or when an object is dark
as compared to a bright background or vice versa. Light from the first object and passing
through the lens falls primarily on a first set of pixels, and from the second object and the
background fall primarily on a second and third set of pixels, respectively. To ‘roll’
exposure for the best combination of focus and resolution, pre-charge may be
disconnected from the second and third sets of pixels, then at a later time disconnected
from the first set, so that exposure/integration is begun at a different time for the first set
as compared to the second and third sets. Reading out all pixel sets at the same time varies

the integration period as between the first versus the second and third sets. Similarly,

10
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exposure time may be initiated at the same time for all three sets of pixels and terminated

(by readout) at different times.

[0039] The integration period may be adaptive to the objects themselves (their
speed of movement, their distance from the lens, etc.). The first object is imaged with a
short exposure time/integration period and the second object and background are imaged
with a longer integration time (movement adaptive). Where movemcnt is not
electronically sensed at the camera, the first and second sets of pixels may be integrated
over a shorter time as compared to the third set, and the integration time for each set may
be dependent upon distance from the lens (most digital cameras use auto focus). In the
latter instance (distance adaptive), the first and second sets of pixels need not be
contiguous along the sensor surface in order to ‘roll’ exposure, and the integrating periods

for the first and second sets of pixels may be the same or different from one another (if

501=502).

[0040] However, rolling exposure alone neither enhances depth of field nor
corrects field curvature. To correct for field curvature (see Fig. 5), prior art solutions
generally either use field flattening lens arrangements (typically four lenses, three positive
and one negative), or curve the exposed film or sensor surface to more closely match the
surfaces 28, 30 of Fig. 5. The present invention considers a different way to enhance
depth of field and correct field curvature that incorporates the rolling shutter as above, in

either film or digital manifestations.

[0041] Consider Fig. 6, a schematic view of a lens and sensor arrangement that
shows the optical effect produced by an embodiment of the present invention. The scene
36 is shown at the right of Fig. 6 as viewed through the lens 38. In profile view, it is clear
that the scene 36 is a flat plate angled with respect to the optical axis so that a first
horizontal swath ap of the scene 36 is at a first object distance sy, from the lens 38, a
second horizontal swath by of the scene 36 is at a second object distance sgp, and all other
swaths are at intermediate object distances between those two. Statically, precise focus
through the lens 38 for each swath of the scene 36 occurs along the curved sensor surface
40a, which varies between a first image distance s;; and a second image distance sjp. The
total distance between shortest and longest image distances is illustrated as the span d, and

in Fig. 6 is that distance between nearest and furthest lines of the curved sensor surface

11
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40a. However, the exact curvature of the sensor surface 40a and the exact span d may be

made scene dependent by the present invention.

[0042] Fig. 7 illustrates the apparatus according to an embodiment of the present
invention used to achieve the optical effect of Fig. 6. Rather than curve the sensor surface
40a (as in Fig. 6) in a manner that will produce the optimal result only for one relative
arrangement of objects/swaths in the scene 36, the sensor surface 40b remains planar (and
oriented perpendicular to the optical axis), and the lens 38 is moved the span d in order to
provide precise focus for a variety of image distances between s;, and s +d. Though the
sensor surface 40b is flat, movement of the lens 38 creates the effect of a curved sensor
surface 40a. Tt is noted that while the apparatus is described as the lens 38 moving relative
to the sensor surface 40b, the lens may remain stationary (relative to a common housing in
which both the sensor and lens are mounted) while the sensor i1s be moved, or both may
move in synchronism. All such embodiments are encompassed where the lens is said to
move relative to the sensor. Also, the sensor surface is preferably but not necessarily flat;
the present invention may be used to impose an effective curvature to the sensor surface

regardless of its underlying actual shape.

[0043] In the embodiment of Fig. 7, exposing all of the sensor surface 40b while
the lens 38 moves relative to that surface 40b would result in out-of-focus images at those
portions of the surface 40b for the time periods where the relative distance between lens
38 and surface 40b are aligned to focus a different swath of the scene 36 (e.g., a different
image distance). The present invention solves this dilemma with a rolling shutter, as
illustrated schematically at Figs. 8 and 9. Figs. 8 and 9 illustrate the image 42 at the
sensor surface 40b, which is a vertically flipped version of the scene 36 of Figs. 6 and 7.
At the right of each of those Figures is a plot of the effective (curved) sensor surface 40a
that results from movement of the lens 38 over the exposure time. The lens 38 is capable
of movement across a distance d+x where the exposure time occurs only during movement
over the distance d. For the vast majority of scenes, d will be less than d+x. To alleviate
large accelerations and decelerations of the lens when it moves, movement of the lens 38
may be initiated prior to the start of the exposure time, and stopped following the end of
the exposure time. The discrepancy between start (and stop) of lens movement and start
(and stop) of exposure time is preferably less than a tenth or a hundredth of a second; the

purpose is to avoid exposure during the instantaneously large accelerations of the lens as it
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begins and ends movement. These large accelerations are expected to induce distortions
that are much more difficult to control than distortions due to constant-velocity movement
of the lens 38 (such as where a line of the sensing surface is exposed for a longer period of
time). Large changes in relative acceleration of the lens 38 appear unavoidable in
situations where the lens 38 moves in one direction and reverses during a single exposure
of the same pixel array or film. Such a reversal of lens direction may be avoided as

detailed below.

[0044] In each of Figs. 8 and 9, the image 42 exhibits different swaths, the
different swaths corresponding to objects in the scene 36 at a nearer object distance, a
further object distance, or somewhere in between. The further object (corresponding to
the swath a; of the Fig. 8 image 42) is focused at a shorter image distance s;,, and the
nearer object (corresponding to the swath b; of the Fig. 8 image 42) is focused at a longer

image distance s;p.

[0045] A simple embodiment where different horizontal lines of the actual sensor
surface 40b are exposed will first be detailed, and applies for exposure of both traditional
film and digital pixels. Exposure of the different horizontal rows of the actual sensor
surface 40b occur within a fixed exposure time Tey, that is identical for each row, in this
embodiment. Exposure among the rows ‘rolls’ synchronously with the lens 38. When the
lens is at the image distance s;, incoming rays from the object b; located at the object
distance corresponding to that image distance sj, is in focus at a row of pixels that are
exposed at that particular time (while the lens 38 is at the image distance s;). When the
lens moves to an image distance s;,, incoming rays from the object a; located at the object
distance corresponding to that image distance si, is in focus at a row of pixels that are
exposed at that particular time. As the lens 38 moves through position s;,, the associated
line(s) is/are exposed, but exposure does not continue as the lens 38 moves far from that
position sp,. As the lens is in the position s;, the lines associated with the farther object a;
are not exposed until the lens 38 is closer to position s;,, where that object a; would be in
focus. Fig. 8 illustrates the condition where the lens 38 moves continuously in one
direction during a single frame period, such as when imaging the inclined plane of I'igs. 6
and 7. A single frame period is the continuous exposure time over which any of the entire

array of pixels or plate of film is exposed.
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[0046] Fig. 9 illustrates a more typical scene, in which objects are not disposed
continuously along a distance spectrum that varies linearly with the horizontal (as in Fig.
8) or vertical. In keeping with the convention established with Figs. 6-8, the scene 36 has
a horizontal swath b; within which a near object is at a distance s, that corresponds to an
image distance s, for which that object would be focused on that actual sensor surface
40b, a horizontal swath a; within which a far object is at a distance s,, that corresponds to
an image distance s;, for which that object would be focused on that actual sensor surface
40b, and in Fig. 9, there is an additional swath ¢; having an object at a distance similar to
the swath a; . However, the swath b; lies spatially between the swaths a; and c¢; in the image
42, so the lens must reverse direction of relative movement in order to properly focus
each, assuming exposure of the lines is identical to that described with Fig. 8. As will be
detailed below, the constraints of such an assumption may be avoided in digital
photography. The effective sensor surface 40a is shown to the right of Fig. 9. The lens 38
begins at the shorter image distance s;,=s;c where a first line of pixels or film is exposed to
image the swath c; over a time period Te,,, moves toward the longer image distance sy,
where exposure of the first line has ceased and a second line of pixels or film is exposed to
image the swath b; over a similar exposure time, and returns back to the shorter image
distance si;=s;c. where a third line of pixels or film is exposed to image the swath a; over an
exposure time. As will be appreciated, the results of Figs. 8 and 9 may be achieved in
either film or digital photography, with the shutter rolling in any direction, vertical,
horizontal, or diagonal. Many pixel arrays used in digital photography are read out by

rows, facilitating a linearly rolling shutter.

[0047] When the lens is moved synchronously with a linear rolling shutter, the
effective curved sensor surface 40a is preferably along the Petzval curve 30. This curve is
measured beforehand or is available from the lens design itself. In this instance, the
curvature of the effective sensing surface 40a cannot perfectly match the Petzval surface
30 except in the plane shown in Figs. 6-7. This is because the actual Petzval surface is
circularly paraboloidal, whereas the lens moves only linearly with respect to the actual
sensing surface 40b and cannot correct for curvature in front of and behind the plane
illustrated in Figs. 6-7. As detailed below, this may be overcome in a digital camera

embodiment of the present invention.
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[0048] Depth of field may be extended as compared to the prior art by determining
object distances in a scene, calculating the best fit lens position curve to fit the object
distances, and taking the picture. In the embodiments of the above descriptions, the best
lens curve depends on the orientation of the camera itself, and the camera operator can
rotate the camera to achieve a preferred image (as viewed on a digital viewfinder of a
camera). For certain images such as a macro of a scene having an insect or business card
in a very near field, it may be preferable to use a shallower depth of field where only the
object of interest (the insect or business card) is in focus and other objects (background)
are purposefully out of focus. In such instances, the selected lens curve exhibits focus

only for the object of interest.

[0049] The above illustrations assume the shutter rolls continuously along
sequential lines (horizontal, vertical, diagonal). Just as Fig. 9 distinguished the lens
reversing its travel during a single frame period, the shutter may roll back and forth during
that same frame period. This may cause double exposure in film, but as described above,
digital photography need not re-expose the same pixels because it can end integration
(exposure) on a pixel-by-pixel basis merely by reading out at a certain time for any
particular pixel (or otherwise storing a final voltage reading or other figure of merit related
to voltage decay). Further exposure of that pixel, after readout, may further decay retained
voltage, but the controlling electronics (e.g., readout circuitry, separate digital signal
processor, etc.) can merely ignore any further decay. Thus, digital photography may
expand the rolling shutter to roll along different discontinuous sections of pixels to mirror
the scene being imaged. This may entail reading out different lines of a pixel array at
different times, or reading out individual pixels of the array (where the readout integrated

circuit enables individual pixel readout rather than the more common readout by rows).

[0050] Consider Figs 10A-B. Fig. 10A is a scene and Fig. 10B is a sensing surface
40b with pixels (not individually shown) matched to certain objects within that scene. The
image of Fig. 10B is inverted as compared to the scene of Fig. 10A, as it would be when
the scene is imaged through an optical lens 38. For simplicity, assume the various objects
in the scene may be parsed into four distinct object distances, the objects represented in
Fig. 10B as a;, b;, ¢; (two occurrences) and d;. These objects are at object distances Soa, Sob,
Soc and Sed, With matching image distances Sia, Sibs Sic, Sid- AS is evident in Fig. 10A, object

d; is the near foreground and exhibits the shortest object distance; object b; is the stuffed
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animal and exhibits a near-medium object distance; objects c; are the hills and exhibit a
far-medium object distance; and object a; is the sky and exhibits the farthest object
distance. So as to maintain the four objects as optically distinct, assume that the only light
rays that may be considered as parallel when incoming to the lens 38 are those from the

sky, object a;.

[0051] Clearly, rolling the shutter along sequential horizontal swaths such as those
shown in dashed lines 44, 46 will result in some portion of the swath being out of focus.
For example, if the lens 38 lies at the image distance sjp while exposing the pixels for
swath 44, regions of that swath 44 that image portions of the sky a; and hills ¢; may be out
of focus. Instead, distance measuring equipment (such as auto focus apparatus) may be
used to determine the distance to the different objects, and the outline of those objects as
in Fig. 10B. Pixels along the sensor surface 40b that correspond to the various objects are
then exposed only when the lens 38 is at the proper image distance for that particular
object. This enables the lens to avoid reversing its direction of movement during a single
exposure of the pixilated-array sensing surface in all instances. This is advantageous
because the lens movement apparatus is necessarily a mechanical system because it
translated the lens 38, whereas adaptive pixel exposure is electronic and therefore

precisely controlled at a lower manufacturing cost, and less subject to failure.

[0052] Consider how a rolling shutter would operate for Fig. 10B if it were
adaptable to object distances in the scene of Fig. 10B. The lens 38 translates in only one
direction, assume away from the sensing surface 40b. At some mimmal time period
following initiation of lens movement, the lens 38 is at image distance s;,, at which time
only those pixels within the outline of object a; are exposed. For now, assume a constant
integration time/exposure time Texp. As the lens moves further from the sensing surface
40b and through the image distance s, those pixels within the outline of the hills c; are
exposed, and so forth through the image distances sj; and s;,, at which time all exposure
ceases and the lens 38 halts movement shortly thereafter. Field curvature is corrected in
the resulting-image to the precision of the distance measuring equipment, depth of field is
greatly increased because the resulting image is made from four image distances rather
than one, and the same advantage may be extended to any scene, regardless of relative

positions of the objects therein.
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[0053] Now consider varying exposure time of the individual pixels. In Fig. 10A,
the sky a;, hills c;, and foreground d; are relatively bright while the central object, the
stuffed animal b; that is the (aesthetic) focus of the scene, is dark. Film or digital, the
known prior art would expose all four object for the same exposure time/integration time,
finding a acceptable middle ground where the darker central object b; is exposed
sufficiently so as to exhibit some detail in the resulting image, but where the peripheral but
bright objects a;, ¢;, and d; are not overexposed and ‘bleached’. In the digital embodiment,
the present invention suffers no such limitation of constant exposure for all pixels of the
sensing surface 40b. As the lens 38 moves, the pixels corresponding to the darker objects
such as the stuffed animal b; may be exposed/integrated over a longer period of time as
compared to the lighter objects such as the sky a;, hills c;, and foreground d;. More
particularly, the stuffed animal b; has a dark body but white tusks; pixels corresponding to
the darker body may be exposed for a longer period of time as compared to those
corresponding to the white tusks to achieve better detail in the body without overexposing
the tusks. Light sensing equipment is well known in the camera arts, and can be used in
conjunction with distance measuring equipment to determine, prior to the start of any
frame period, the object distances and relative brightness of each object. Brightness of the
overall image may be set by normalizing the brightness of each pixel or separate sections
of pixels based on their relative integration times. This is seen as a superior approach to
digital enhancement of exiting digital images as currently practices, because it is
understood that current practice is to enhance using generic algorithms whereas
normalizing brightness after brightness-adaptive exposure takes its universe of information

from the actual scene as captured by the pixels.

[0054] As briefly noted above, exposure time may also be adaptive to object
motion. Shorter exposure times are necessary to accurately focus moving objects, at the
cost of brightness. Non-moving or slowly moving objects may enable a longer exposure
time without appreciable loss of sharpness or focus in the resulting image. Using known
movement detection equipment that operates on the same principle as distance measuring
equipment, movement of different objects within a scene may be categorized, and pixels
corresponding to the individual objects may be exposed for a short or longer period
depending upon relative movement of the objects themselves. Determining the exact

pixels for which a fast-moving object is to be captured is merely a matter of extrapolating
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which pixels would image the moving object at the time the lens is at that object’s image

distance based on (past) detected movement.

[0055] Fig. 11 is a sectional schematic block diagram of a mobile station MS 50,
such as a cellular telephone, a personal digital assistant with two-way communications
capability, or any other handheld portable device of similar functionality. The MS 50
includes a digital signal processor DSP 52, powered by a galvanic power source such as a
battery 54 and coupled to transducers 55 (speaker) and 56 (microphone). Receiving
circuitry 58 and transmitting circuitry 60 are coupled through a switch or dipole filter 62 to
one or more antennas 64. A graphical display interface 66 by which a user views text and
images is controlled by a display driver 68. Similarly, a user input pad 70, such as may

include buttons, joysticks, and/or touch sensitive areas, is controlled by an input driver 72.

[0056] Computer programs for operating the various sub-systems of the MS 50 are
stored in a memory 76, which may be a combination of volatile and non-volatile storage
media, possibly dispersed among various spatial locations within the housing 74, which is
a computer readable storage media for data and programs. Various other buffers, filters,
encoders and the like are also within the housing 74, but peripheral to the invention. One
or more detectors 78 penetrate the housing 74 and are used to measure object distances,
object brightness, or relative object movement/speed in a scene when the DSP 52 is in

condition to take a picture (image).

[0057] There are several possibilities to measure object distances, for example,
using the camera and an illuminator creating a typically diverging light spot/pattern,
wherein the size, position or intensity of the spot/pattern is determined from the image. It
is possible also to use different type of time-of-flight measurement principles, that might
be implemented either optically or using even acoustic principles. In order to measure
object brightness, one method is to use the camera itself for capturing a test image where
the brightness of the object is then determined. This can be done before the actual final
image is captured during the framing phase when the user is aiming the camera in order to
frame the image properly for the shot. By capturing scveral images with different
exposure times, optimal exposure times for different areas of the image can be determined.
However, the invention is not limited to the above mentioned examples of determining the

object properties or suitable exposure levels.
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[0058] The DSP is in condition to take a picture when it provides a pre-charge to
pixels on a pixilated array that form a sensing surface 40b at which an image is
electronically captured. The surface 40b may preferably be directly mounted to a readout
integrated circuit ROIC 80 or merely coupled electronically. The ROIC 80 may control
each pixel individually, it may control them according to rows/lines, or it may control
them according to contiguous groupings (e.g., groups of four pixels forming a square, five
pixels forming a diamond with one pixel in the center, etc.). Integration times for each
pixel or row or group of pixels may be started and stopped at times independent of that for

other pixels or rows or groups of pixels, based on the design of the readout circuitry.

[0059] A lens 38 is mounted to upper and lower rails 82 and translates along the
optical axis of the lens by use of mechanical linkage such as an extendable scissors
arrangement or less optimally a rotating shaft with a continuous groove about it similar to
a screw. Such mechanical linkage is well known in the art for manually or automatically
changing an image distance of a conventional camera lens. The distinction over a
conventional auto focus camera lens is that the linkage operates to move the lens during
the exposure frame period, rather than moving it prior to the start of that exposure frame
period. A window 84 is aligned with the lens and allows light from a scene to pass
through the housing 74 and the lens 38 to expose various pixels of the surface 40b. A
computer program to operate the mechanical linkage in synchronous relation to the
integration/exposure of the various different pixels along the surface 40b is stored in the
memory 76 and executed by the DSP 52. This program may also use inputs from the
detectors 78 to adjust the synchronous lens movement/pixel exposure actions according to
the scene. Particularly, exposure of certain pixels may occur when the lens is at an image
distance corresponding to an object distance measured at the detectors 78; exposure time
for certain pixels may be predicated on an object’s speed or brightness as determined by
the detectors 78. Various adaptations of this MS-based embodiment are also possible, as
detailed above. Fig. 11 illustrates only one embodiment, the rest of which will be obvious
given the above detailed description of various adaptations such as translating the sensor
surface 40b rather than or in conjunction with the lens 38; reading out the pixels by row

only; and using film rather than a pixilated array, among others.

[0060] Further, the effect similar to moving the lens(es) and/or sensing surface,

may also be accomplished using a liquid lens or other techniques, where the focal length
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of the lens itself is changed by changing the shape or refraction index of the optical
material of the lens(es). U.S. Pat. No. 6,369,954 describes an optical lens having two
liquids with different optical indices, one being conductive and one being non-conductive.
The image distance is changed by applying a voltage to the conductive liquid, which then
changes shape so that the focal length of the lens itself is changed. In the liquid lens
arrangement of the 6,369,954 patent, a first image distance arises from a first lens shape.
A second image distance arises from a second lens shape, even though the first and second
image distances behind the changed lens at which light from different object distances is
focused may be identical. This is true because it is the shape of the lens itself that
changes, effectively changing the image distance. The same result holds where the
refractive index of the lens or some medium between the lens and the sensor is changed, or
other embodiments that avoid or reduce the necessity of moving the lens and sensor
components relative to one another. In all cases, the effective image distance is changed.
Moving a traditional lens relative to the sensing surface, or changing the lens shape or
refractive index, or changing the refractive index of some medium between the lens and
sensing surface, are all ways to change the optical relationship between the lens and the
sensing surface so as to maintain the sensing surface at different effective image distances
during the imaging of a single scene in a single, continuous exposure of the sensing

surface.

[0061] Although described in the context of particular embodiments, it will be
apparent to those skilled in the art that a number of modifications and various changes to
these teachings may occur. Thus, while the invention has been particularly shown and
described with respect to one or more embodiments thercof, it will be understood by those
skilled in the art that certain modifications or changes may be made therein without
departing from the scope and spirit of the invention as set forth above, or from the scope

of the ensuing claims.
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CLAIMS:
WHAT IS CLAIMED IS:

1. A method for imaging a scene comprising:

manipulating an optical relationship between an optical lens and an image sensing
surface so that the image sensing surface is spaced at different effective image distances
from the lens; and

exposing different portions of the image sensing surface synchronous with

manipulating the optical relationship.

2. The method of claim 1, wherein at least one of manipulating the optical
relationship and exposing different portions of the image sensing surface are adaptive to

objects in a scene to be imaged at the sensing surface.

3. The method of claim 1, wherein exposing different portions of the image sensing
surface comprises adaptively exposing said portions based on at least a detected first and

second object distance.

4. The method of claim 3, wherein manipulating the optical relationship comprises
manipulating between a first effective image distance and a second effective image
distance, wherein the first and second effective image distances correspond respectively to

the first and second object distances.

5. The method of claim 1, wherein exposing different portions of the image sensing
surface comprises adaptively exposing said portions for different exposure periods based

on detected movement of at least two objects.

6. The method of claim 1, wherein exposing different portions of the image sensing
surface comprises adaptively exposing said portions for different exposure periods based

on detected brightness of at least two objects.

7. The method of claim 1, wherein the image sensing surface comprises an array of
pixels in adjacent rows, wherein a first portion of the array is exposed while the image

sensing surface is at a first effective image distance, and a second portion of the array is
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exposed while the sensing surface is at a second effective image distance, and wherein at
least one pixel of the first portion is in the same row of the array as at least one pixel of the

second portion.

8. The method of claim 1, wherein manipulating the optical relationship
synchronously with exposing operates to impose an effective curvature to the sensing
surface, at least a cross section of said effective curvature approximating at least a cross

section of a Petzval surface.

9. The method of claim 1, wherein the image sensing surface comprises photographic
film.
10. The method of claim 1, wherein the image sensing surface comprises an array of

photosensitive pixels.

11. The method of claim 1, wherein manipulating the optical relationship comprises

moving at least one of the lens and the sensing surface relative to one another.

12. The method of claim 1, wherein manipulating the optical relationship comprises

altering a shape of the lens.

13. A method for imaging a scene comprising:
determining a first object distance between a first object in a scene and a lens;
determining a second object distance between a second object in the scene and the
lens;
within a continuous exposure frame:
exposing a first portion of an image sensing surface while the image
sensing surface is at a first effective image distance from the lens, where the first effective
image distance corresponds to the first object distance;
exposing a second portion of the image sensing surface while the image
sensing surface is at a second effective image distance from the lens, where the second
effective image distance corresponds to the second object distance; and

combine the exposed first and second portions into a single image.
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14. The method of claim 13, wherein the single image is displayed on a digital

graphical user interface.

15. The method of claim 13, wherein exposing the first and second portion of the
image sensing surface comprises adaptively exposing said portions for a first and second

exposure time based on a detected brightness of the first and second objects.

16. The method of claim 13, wherein exposing the first and second portion of the
image sensing surface comprises adaptively exposing said portions for a first and second

exposure time based on a detected speed of movement of the first and second objects.

17. A camera comprising:

a lens;

an image sensor having a sensing surface;

exposure means for separately exposing different portions of the sensing surface
within a single exposure frame;

means for manipulating an optical relationship between the lens and the sensing
surface so that the sensing surface lies at a changeable effective image distance;

a processor for synchronizing the means for manipulating with the exposure

means.

18. The camera of claim 17, further comprising:

measuring equipment for determining an optical parameter for each of a firstand a
second object in a scene;
wherein the processor controls one of the means for manipulating and the exposure means

based on the determined optical parameters.

19. The camera of claim 18, wherein the optical parameter is object distance from the
lens, and the processor controls the means for manipulating to match the changeable

effective image distances to the object distances of the first and second objects.

20. The camera of claim 18, wherein the optical parameter is object movement and the
processor controls the exposure means to expose a first portion of the sensing surface for a

first time span and a second portion of the sensing surface for a second time span.
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21. The camera of claim 18, wherein the optical parameter is object brightness and the
processor controls the exposure means to expose a first portion of the sensing surface for a

first time span and a second portion of the sensing surface for a second time span.

22. The camera of claim 17, wherein the image sensor comprises an array of pixels and

readout circuitry for reading out pixels according to rows.

23. The camera of claim 17, wherein the image sensor comprises an array of pixels and

readout circuitry for reading out individual pixels.

24, The camera of claim 17 disposed in a mobile station, the mobile station comprising

a graphical display interface for displaying a scene imaged by the image sensor.

25. A program of machine-readable instructions, tangibly embodied on an information
bearing medium and executable by a digital data processor, to perform actions directed
toward operating a camera, the actions comprising:

during an exposure frame period, maintaining an image sensing surface at a
variable effective image distance from a lens synchronously with exposing different

portions of the sensing surface.

26. The program of machine-readable instructions according to claim 25, wherein at
least one of maintaining the image sensing surface at a variable effective image distance
and exposing different portions of the image sensing surface are adaptive to objects in a

scene to be imaged at the sensing surface.

27. The program of machine-readable instructions according to claim 25, wherein
exposing different portions of the image sensing surface comprises adaptively exposing

said portions based on at least a detected first and second object distance.

28. The program of machine-readable instructions according to claim 27, wherein
maintaining an image sensing surface at a variable effective image distance comprises
varying between a first and a second image distance that respectively correspond to the

first and second object distances.

24

Canon Ex. 1012
Page 28 of 168



29. The program of machine-readable instructions according to claim 25, wherein
exposing different portions of the image sensing surface comprises adaptively exposing
said portions for different exposure periods based on detected movement of at least two

objects.

30. The program of machine-readable instructions according to claim 25, wherein
exposing different portions of the image sensing surface comprises adaptively exposing
said portions for different exposure periods based on detected brightness of at least two

objects.

31. The program of machine-readable instructions according to claim 25, wherein the
image sensing surface comprises an array of pixels for which the program controls

exposure of pixels according to rows.

32. The program of machine-readable instructions according to claim 25, wherein the
image sensing surface comprises an array of pixels for which the program controls

exposure of pixels individually.

33. The program of machine-readable instructions according to claim 25, wherein
maintaining an image sensing surface at a variable effective image distance synchronously
with exposing operates to impose an effective curvature to the sensing surface, at least a
cross section of said effective curvature approximating at least a cross section of a Petzval

surface.

34. The program of machine-readable instructions according to claim 25, wherein the

image sensing surface comprises photographic film.

35. The program of machine-readable instructions according to claim 25, wherein the

image sensing surface comprises an array of photosensitive pixels.

36. The program of claim 25, wherein maintaining the image sensing surface at a
variable effective image distance from the lens comprises moving the lens relative to the

sensing surface.
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37. The program of claim 25, wherein maintaining the image sensing surface at a

variable effective image distance from the lens comprises changing a shape of the lens.

38. An apparatus for adaptively imaging a scene, comprising:

means for focusing light from a scene;

means for imaging the focused light;

means for determining a first and second object distance;

means for differentially exposing selectable portions of the sensing surface to light
passing through the means for focusing;

means for varying an effective image distance between the means for focusing
light and means for imaging; and

means for synchronizing the means for varying with the means for differentially

exposing.

39. The apparatus of claim 38, wherein:

the means for focusing light comprises a lens;

the means for differentially exposing comprises a readout integrated circuit for
reading out individual one of or select groups of pixels that form the means for imaging;

the means for varying an image distance comprises mechanical linkage for
translating at least one of the lens and the means for imaging relative to one another along
an optical axis; and

the means for synchronizing comprises a processor executing a computer program.

40. A method of imaging a scene comprising:

imposing on a sensing surface an effective optical curvature that depends from a
scene, and

collecting an electronic image of the scene at the sensing surface with the effective

optical curvature.

41. A device comprising:
a device housing;
a lens;

an image sensor having a sensing surface;
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exposure means for separately exposing di ffereﬁt portions of the sensing surface
within a single exposure frame period to light passing into the housing and through the
lens;

optical manipulation means for maintaining the image sensor at a variable effective
image distance from the lens;

a digital signal processor DSP for synchronizing the optical manipulation means

with the exposure means.

42. The device of claim 41 that comprises a portable handheld device with an internal

source of electrical power.
43. The device of claim 41 that comprises a two-way wireless communication device.

44, The device of claim 41 wherein the optical manipulation means comprises

mechanical linkage to move the lens relative to the image sensor.
45. The device of claim 41 wherein the optical manipulation means comprises voltage

leads coupled to a power source and to the lens for changing a shape of the lens shape

responsive to voltage applied to the lens.
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ADAPTIVE OPTICAL PLANE FORMATION WITH ROLLING SHUTTER

ABSTRACT OF THE DISCLOSURE:

A scene is imaged by moving an optical lens relative to an image sensing surface (such as
film or a pixel array) synchronously with exposing different portions of the image sensing
surface. The synchronous actions are preferably adaptable to the scene being imaged, so
objects at different object distances are focused at different times and exposed to different
portions of the sensing surface at different times within an exposure frame period.
Exposure time for the different portions of the sensor may be varied according to speed or
brightness of the different objects in the scene to be imaged, as detected at the camera by
measuring apparatus similar to auto focus distance measuring apparatus. A camera and a
program of computer readable instructions are also detailed. Alternatives to moving the

lens relative to the image sensing surface include changing a shape of the lens.
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APPLICATION SIZE sheets of paper, the application size fee due

FEE is $250 ($125 for small entity) for each

(37 CFR 1 16(s)) additional S0 sheets or fraction thereof. See

35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1 16())) +180 +360=
* |f the difference in column 1 is less than zero, enter “0” in column 2. ’3 q_ . TOTAL TOTAL
APPLICATION AS AMENDED - PART I ' 1 .
OR OTHER THAN
(Column 1) (Column 2)  (Colufn 3) SMALL ENTITY SMALL ENTITY
CLAIMS o HIGHEST )

. REMAINING NUMBER PRESENT RATE®) | ADDI- RATE($) - ADDI-
< AFTER PREVIOUSLY | EXTRA 1 mownal |- TIONAL
5 AMENDMENT PAID FOR FEE (3) . FEE (3)

Total ¢ Minus § °° =
g a7 craouqm ) . X$25 . OR X$50 =
O | independent . | * Mi o =
5 :;7 ::E: 1_1;m) nus X1OO = OR X200 =
< | Application Size Fee (37 CFR 1.16(s))
<
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()) +180= or | +360=
TOTAL TOTAL
ADD'L FEE OR ADD'L FEE
(Column 1) . . (Column 2) (Column 3)
CLAIMS HIGHEST
o REMAINING NUMBER PRESENT RATE (3) ADDI- RATE ($). ADDI-
- AFTER ’ PREVIOUSLY EXTRA TIONAL TIONAL
Z AMENDMENT PAID FOR FEE ($) - FEE (3)
w Total . Minus | ** = , !
S| e crnos.a:e(i» i xs 25 = OR XSSO =
O [ independent . i o 2
E (:722;"1‘10(») Minus o X10.0 = OR - XZOO =
'S | Application Size Fee (37 CFR 1.16(s))
z .
1 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.18(D) +180= OR +360=
TOTAL OR TOTAL,
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

= if the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20".
** |f the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3".

. The “Highest Number Previously.Paid For” (Total or independent) is the highest number found in the appropriate box in column 1. ‘
This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an. application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to completes,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time,you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Infanmation Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O..Box 1460, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2 Canon Ex. 1012
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Page No.: 1 of: 1
INFORMATION DISCLOSURE Docket No.: §77.0006.U1(US) Serial No.:
CITATION FORM FOR
PATENT APPLICATION Applicant(s): Hannu Kakkori
(FORM PTO-1449)
(Substitute) Filing Date: herewith Group:
U.S. PATENT DOCUMENTS
Examiner Document Number Publication Date Name of Patentee or Applicant Class Sub-class
Initials (Number-Kind Code) (MM-DD-YYYY)
US-5,282,045 01-25-1994 Mimura et al. 358 227
US-6,369,954 B1 04-09-2002 Berge et al. 359 666
US-6,445,415 Bl 09-03-2002 Olsson 348 345
US-6,567,126 B1 05-20-2003 Slatter et al. 348 345
US-6,783,068 B2 08-31-2004 Hecht 235 435
UsS-
US-
US-
uUsS-
US-
US-
US-
UsS-
US-
US-
UsS-
FOREIGN PATENT DOCUMENTS
Examiner . Document Number Publication Date Name Of Patentee of Applicant Translation?
Initials (Country Code-Number-Kind Code) (MM-DD-YYYY) Yes/No/n/a

OTHER DOCUMENTS (Author (Capitalize), Title, Date, Pages, Etc., if known)

Examiner’s Signature:

| Date Considered:

Initial if reference was considered, whether or not citation is in conformance with MPEP. Mark through citation if not considered.
Include a copy of this citation form with your next correspondence to the Applicant(s).

Canon Ex. 1012
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UNITED StaTES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

wWww.uspto.gov

| APPLICATIONNUMBER | ~ FILINGOR371()DATE |  FIRSTNAMED APPLICANT |  ATTORNEY DOCKET NUMBER _ |
11/165,992 - 06/24/2005 Hannu Kakkori 877.0006.U1(US)

CONFIRMATION NO. 3430
29683 FORMALITIES LETTER

4 RESEARGH DRIE o I

4 RESEARCH DRIVE .
SHELTON, CT 06484-6212 0C000000016562634

Date Mailed: 07/20/2005

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 1.63,
identifying the application by.the above Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary
interest, is required. '

e To avoid abandonment, a late filing fee or oath or deciaration surcharge as set forth in 37 CFR 1.16(f) of
$130 for a non-small entity, must be submitted with the missing items identified in this letter.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $130 for a Large Entity

¢ $130 Late oath or declaration Surcharge.

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents’
P.O. Box 1450
Alexandria VA 22313-1450

A copy of this notice MUST be returned with the reply.

Canon Ex. 1012
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‘Relponse To Notice To File Missing Parts Of Application Docket No.
| Filing Date Granted (PTO-1533)(Large Entity) 877.0006.U1(US)
fcation Of. Hannu Kakkori
Application No. Filing Date Examiner Customer No. | Group Art Unit | Confirmation No.
11/165,992 06/24/2005 Not Yet Assigned 29683 2851 3430

Invention:  Adaptive Optical Plane Formation With Rolling Shutter

July 20, 2005

Date

Office.

Other (list):

Mail Stop Missing Parts
COMMISSIONER FOR PATENTS:

Enclosed herewith for filing are the following:

A properly signed oath or declaration in compliance with 37 CFR 1.63.

This is a response to the Notice to File Missing Parts of Application - Filing Date Granted (PTO-1533) mailed on

& A copy of the Notice to File Missing Parts of Application - Filing Date Granted (PTO-1533). (REQUIRED)

O An oath or declaration in compliance with 37 CFR 1.63, including residence information and identifying the
application by the above Application Number and Filing Date.

O An oath or declaration in compliance with 37 CFR 1.63 listing the names of all inventors and signed by the
omitted inventor(s), identifying this application by the above Application Number and Filing Date.

QO A verified English translation of the non-English language application papers as originally filed. It is requested
that this translation be used as the copy for examination purposes in the United States Patent and Trademark

Transmittal of Formal Drawings
Eight (8) Sheets, Figures 1-11

[Page 1 of 3]
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Response To Notice To File Missing Parts Of Application Docket No.
Filing Date Granted (PTO-1533)(Large Entity) 877.0006.U1(US)
In Re Application Of. Hannu Kakkori
Application No. Filing Date Examiner Customer No. | Group Art Unit | Confirmation No.
11/165,992 06/24/2005 Not Yet Assigned 29683 2851 3430
Invention:  Adaptive Optical Plane Formation With Rolling Shutter
TO THE COMMISSIONER FOR PATENTS:
Mail Stop Missing Parts
& Completion of application fees as calculated below:

01 Utility application basic fee

0 Design application basic fee

(J Search Fee

O Examination Fee

0 Total number of independent claims =

O Total number of claims =

O Multiple dependent claims

& Surcharge for late payment of filing fee and/or late filing of original declaration or oath $130.00

(] Petition and fee for filing by other than all the inventors or a person not the inventor

U Fee for processing an application filed with a non-English language specification

J Fee for processing and retention of application

Total completion of application fees $130.00

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a response to the
above-identified Notice to File Missing Parts of Application. The requested extension is as follows (check time period
desired). If an additional time extension is required, please consider this a petition therefor.

1 One month O Two months U Threemonths [ Four months O Five months
from: until:
Date Date
Total time extension fees
Total fees due $130.00
[Page 2 of 3] CanonrErxartEa/0s
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Response To Notice To File Missing Parts Of Application
Filing Date Granted (PTO-1533) (Large Entity)

Docket No.
877.0006.U1(US)

In Re Application Of: Hannu Kakkori

Application No. Filing Date Examiner Customer No. | Group Art Unit | Confirmation No.
11/165,992 06/24/2005 Not Yet Assigned 29683 2851 3430
Invention:  Adaptive Optical Plane Formation With Rolling Shutter

TO THE COMMISSIONER FOR PATENTS:

The fee of $130.00

Mail Stop Missing Parts

is to be paid as follows:

X A check in the amount of the fee is enclosed.

Deposit Account No. 50-1924

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to

If an additional extension of time is required, please consider this a petition therefor and charge
any additional fees which may be required to Deposit Account No.  50-1924

O Payment by credit card. Form PTO-2038 is attached.

WARNING: Information on this form may become public. Credit card information should not be
included on this form. Provide credit card information and authorization on PTO-2038.

a0 F

Sibitoture

Gerald J. Stanton (Reg. No. 46,008)
Harrington & Smith, LLP

4 Research Drive

Shelton, CT 06484-6212

Customer No. 29683

CC:

Dated:

Szp @] Qo5

| hereby certify that this correspondence is being
deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope
addressed to "Commissioner for Patents, P.O. Box 1450,
xandria, VA 22313-1450" {37 CFR 1.8(a)] on
domlen 7 25
R

(Date)

DL ge4

Signature of Person Mailing Correspondence

Debra Pongetti

Typed or Printed Name of Person Mailing Correspondence

[Page 3 of 3]
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Qffice
Address: COMMISSIONER FOB/PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATIONNUMBER |  FILING OR 371 (c) DATE |  FIRSTNAMED APPLICANT |  ATTORNEY DOCKET NUMBER |
11/165,992 06/24/2005 Hannu Kakkori 877.0006.U1(US)

CONFIRMATION NO. 3430
29683 FORMALITIES LETTER

 RESEARCH Dave T ALV R AR A R A ET A

- 4 RESEARCH DRIVE I A
SHELTON, CT 06484-6212 0C000000016562634

Date Mailed: 07/20/2005

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
09/12/2005 HDESTA1 00000037 11165992

Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
‘required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
. filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 1.63,
identifying the application by the above Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary
interest, is required.

e To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(f) of
$130 for a non-small entity, must be submitted with the missing items identified in this letter.
SUMMARY OF FEES DUE:
Total additional fee(s) required for this application is $130 for a Large Entity

¢ $130 Late oath or declaration Surcharge.

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

_ |
—RECEIVED .

A copy of this notice MUST be returned with the reply. JUL 228

HARGavamEN.-&1 814TH, LLp
T 7 'Page 47 of 168
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Office of Initial Pitent Examination (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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~ W R Docket No.
<P 09 RANSMITTAL OF FORMAL DRAWINGS 877.0006.U1(US)
(s)
won of Hannu Kakkori
Application No. Filing Date Examiner Customer No. | Group Art Unit| Confirmation No.
11/165,992 06/24/2005 Not Yet Assigned 29683 2851 3430

Invention: Adaptive Optical Plane Formation With Rolling Shutter

Address to:
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Transmitted herewith are:

8 sheets of formal drawing(s) for this application.

X} Each sheet of drawing indicates the identifying indicia suggested in 37 CFR Section 1.84(c).

€ Q @gx Dated: Sep G, Qo5
& § -

Sigtature

Gerald J. Stanton (Reg. No. 46,008) | hereby certify that this correspondence is being
Harrington & Smith, LLP deposited with the United States Postal Service with

sufficient postage as first class mail in an envelope

4 Research Drive addressed to "Commissioner for Patents, P.O. Box 1450,
Shelton, CT 06484-6212 exandria, VA 22313-1450" [37 CFR . 3(a)] on
Customer No. 29683 ﬁﬂébﬂvﬂ-&\j oS (Date)

NN

Signature of Person%lailing Correspondence

Debra Pongetti

Typed or Printed Name of Person Mailing Correspondence

Canon Ex.rifdkevo2
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Art Unit No.: 2851
Customer No.: 29683
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Art Unit No.: 2851
Customer No.: 29683
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Art Unit No.: 2851
Customer No.: 29683
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Art Unit No.: 2851
Customer No.: 29683
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Art Unit No.: 2851
Customer No.: 29683
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kiled: June 24, 2005 .
Art Unit No.: 2851
Customer No.: 29683
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This Pagé is Inserted by IFW Indexing and Scanning
Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the original
documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

U BLACK BORDERS

U IMAGE CUT OFF AT TOP, BOTTOM OR SIDES

(J FADED TEXT OR DRAWING

U BLURRED OR ILLEGIBLE TEXT OR DRAWING

) SKEWED/SLANTED IMAGES

) COLOR OR BLACK AND WHITE PHOTOGRAPHS

J GRAY SCALE DOCUMENTS

0] LINES OR MARKS ON ORIGINAL DOCUMENT

0 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

(] OTHER:

IMAGES ARE BEST AVAILABLE COPY.
As rescanning these documents will not correct the image

problems checked, please do not report these problems to
the IFW Image Problem Mailbox.
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DECLARATION AND POWER OF ATTORNEY
FOR PATENT APPLICATION

As a below named inventor, I hereby declare that:

My residence, post office address and citizenship are as stated below next to my name.

I believe I am the original, first and sole inventor (if only one name is listed below) or an
original, first and joint inventor (if plural names are listed below) of the subject matter, which

is claimed and for which a patent is sought on the invention entitled:

ADAPTIVE OPTICAL PLANE FORMATION
WITH ROLLING SHUTTER

the specification of which:
(check one) [X] is attached hereto.’

[] was filed on as U.S. Application Serial No. , and
was amended on (if applicable).

[C] was described and claimed in PCT International Application Number

filed on and
[] as amended under PCT Article 19 on (if any)
and/or .

[] as amended under PCT Article 34 as published in the Annex(es) to
the International Preliminary Examination Report (if any).

I hereby state that I have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all information
known to me to be material to the patentability of this application as defined in Title 37, Code
of Federal Regulations, §1.56

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any
foreign application(s) for patent or inventor's certificate(s) listed below and have also
identified below any foreign application(s) for patent or inventor's certificate(s) having a
filing date before that of the application on which priority is claimed:

Prior Foreign Application(s) Priority Claimed

[]Yes [ ]No

(Number) (Country) (Day/Mon/Year Filed)

Canon Ex. 1012
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I hereby claim the benefit under Title 35, United States Code, §119(e) of the United States
provisional patent application(s) listed below:

(Application Serial No.) (Filing Date)

I hereby claim benefit under Title 35, United States Code, §120 of any United States
application(s) listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States application in the manner provided by
the first paragraph of Title 35, United States Code, §112, I acknowledge the duty to disclose
material information as defined in Title 37, Code of Federal Regulations, §1.56(a) which
occurred between the filing date of the prior application and the national or PCT international
filing date of this application.

(Application Serial No.) (Filing Date) (Status)

POWER OF ATTORNEY: As a named inventor I hereby appoint the following attorney(s)
and/or agent(s) to prosecute this application and transact all business in the U.S. Patent and
Trademark Office connected therewith:

Steven Shaw 39,368
Gary H. Savitt 44,351
Arjun Krishnan 55,347
Thomas R. Weber 41,547
Wayne DeMello 48,601

And all attorneys associated with Customer No.: 29,683
SEND CORRESPONDENCE TO:
Customer No. 29,683
DIRECT TELEPHONE CALLS TO:

Harry F. Smith
Telephone:  (203) 925-9400
Facsimile: (203) 944-0245

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.
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FULL NAME LAST NAME FIRST NAME MIDDLE NAME

OF INVENTOR Kakkori Hannu

RESIDENCE STATE OR COUNTRY CITIZENSHIP
CITIZENSHIP Tampere, Finland Finland

POST OFFICE P.O. ADDRESS CITY & COUNTRY
ADDRESS Himeenpuisto 35 A 30, 33200 Tampere, Finland

%07/\/_\":\ Date does 2HM 26065

Signature
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ARTIFACT SHEET

Enter artifact number below. Artifact number is application number +
artifact type code (see list below) + sequential letter (A, B, C ...). The first.
artifact folder for an artifact type receives the letter A, the second B, etc..
Examples: 59123456PA, 59123456PB, 59123456ZA, 59123456ZB
WeX 941 C A
Indicate quantity of a single type of artifact received but not scanned. Create
individual artifact folder/box and artifact number for each Artifact Type.

CD(s) containing:
computer program listing
Doc Code: Computer Artifact Type Code: P
pages of specification
‘and/or sequence listing
and/or table

Doc Code: Artifact Artifact Type Code: S
content unspecified or combined
Doc Code: Artifact ; Atrtifact Type Code: U’
Stapled Set(s) Color Documents or B/W Photographs
Q Doc Code: Artifact ~ Artifact Type Code: C
Microfilm(s)

Doc Code: Artifact  Artifact Type Code: F

Video tape(s)
Doc Code: Artifact  Artifact Type Code: V

Model(s) )
Doc Code: Artifact  Artifact Type Code: M

Bound Document(s)
Doc Code: Artifact  Artifact Type Code: B

Confidential Information Disclosure Statement or Other Documents
marked Proprietary, Trade Secrets, Subject to Protective Order,

Material Submitted under MPEP 724.02, etc.
Doc Code: Artifact  Artifact Type Code X

Other, description:
Doc Code: Artifact  Artifact Type Code: Z

March 8, 2004
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No.: 11/165,992 Confirmaticn No.:3430
Applicant (s) : Hannu Kakkori

Filed: 06/24/2005

Art Unit: 2851

Examiner:

Title: Adaptive Optical Plane Formation With Rolling Shutter

Attorney Docket No.: 877.0006.U1(US)
Customer No.: 29,683

Commissioner For Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Information Disclosure Statement

(37 C.F.R. §1.97 (b))

Sir:

The following information is being disclosed to the U.S.
Patent and Trademark Office as information that may be
material to the examination of the above-identified patent

application.

Applicant’s Attorney is aware of the documents listed on the
enclosed Form PTO-1449. Copies of the non-US documents are
enclogsed with the Form PTO0-1449 for the Examiner’s use. The
documents listed were cited in an International Search
Report issued in the corresponding International Application
(PCT/IB2006/001507) . A copy of the Search Report is
attached.

The filing of this Statement is not to be construed as a

representation that a search has been made regarding the

Canon Ex. 1012
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claimed invention (37 C.F.R. 81.97(g)) or that no other
possible material information exists. In addition, the
filing of this Statement is not to be construed to be an
admission that the information cited in the Statement is, or
is considered to be, material to Patentability (37 C.F.R.
§1.97(h)) .

Respectfully submitted,

MQ;@: ov 4 2o

Gerald J. Stanton (Reg. No. 46,008) Date

Customer No.: 29683
Harrington & Smith, LLP
4 Research Drive
Shelton, CT 06484-6212
203-925-9400

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with
the United States Postal Service as first class mail on the date
shown below in an envelope addressed to: Commissioner for
Patents, P.0O. Box 1450, Alexandria, VA 22313-1450.

[1[O1] ROOG /@0 @me@

pate/ [/ Lisa Mrozek /
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Page No.: 1 of: 1

INFORMATION DISCLOSURE
CITATION FORM FOR
PATENT APPLICATION

(FORM PTO-1449)

Docket No.: 877.0006.U1(US)

Applicant(s): Hannu Kakkori

Serial No.: 11/165,992

(Substitute) Filing Date: 06/24/200 Group: 2851
U.S. PATENT DOCUMENTS
Examiner Document Number Publication Date Name of Patentee or Applicant Class Sub-class
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Abstract of JP2003131115

PROBLEM TO BE SOLVED: To provide a
digital camera capable of focusing on both
objects at along distance and a close distance
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even in the case of photographing an image k-4 :

where the objects stand at the long distance Bk

and the close distance, attaining the focal state = F#< L) "éég |~ &

as a user intends, and then, photographing. ,{é.{, ASA

SOLUTION: When the user depresses the AF EiE B,‘:.ﬁ N I
cursor button of the digital camera, the number I € :

of AF cursors displayed on an LCD increases.
When a shutter button is depressed half in a
state (S1) where two AF cursors are displayed
on the LCD (ST7), an AF control is performed
so that the object corresponding to the display
position of each AF cursor may be in the
focused state (ST8). At this time, in the case
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that several objects corresponding to < . L5
respective AF cursors are not in the depth of f‘gy_\% ﬁgé ,
field, the diaphragm of the photographing lens N8R 2rT —s‘;--@
is stopped down, and the depth of field is 1{_“.{.“2% 5'2,'?-———]
increased. The focusing operation is - g
performed while adjusting the depth of field so saEel T va
that several objects may be simultaneously A4 __QI 2 - 12=
made in the focused state. 3 b 14 B R Y-
nm = W
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Title: Adaptive optical plane formation with rolling shutter
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The above-identified application will be electronically published as a patent application publication
pursuant to 37 CFR 1.211, et seq. The patent application publication number and publication date
are set forth above.
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via the Internet at www.uspto.gov. The direct link to access the publication is currently
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the Patent Application Information and Retrieval (PAIR) system. The direct link to access this
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Application No. Applicant(s)

11/165,992 KAKKORI, HANNU
Office Action Summary Examiner Art Unit

Melissa J. Koval 2862

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS fram the mailing date of this communication.
- IFNO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)[] Responsive to communication(s) fledon ___
2a)[] This action is FINAL. 2b)[_] This action is non-final.
3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)[X] Claim(s) 1-45 is/are pending in the application.
4a) Of the above claim(s) 7-45 is/are withdrawn from consideration.

5)] Claim(s) ____ is/are allowed.”

6)[] Claim(s) ___is/are rejected.

7)1 Claim(s) _____ is/are objected to.

8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)] The drawing(s) filed on _____is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
1) The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAIl  b)[[]Some * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 4) D Interview Summ_ary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. —_—
3) [_] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of informal Patent Application
Paper No(s)/Mail Date . 6) I:] Other:
U.S. Patent and Trademark Office .
PTOL-326 (Rev. 08-06) Office Action Summary Part of PapertiNg{igiEDate 89071226
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Application/Control Number: Page 2
11/165,992
Art Unit: 2862

DETAILED ACTION

Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

. Claims 17-24, 38, 39, and 41-45, drawn to a camera or a device
comprising a lens, an image sensor, and exposure means, or an
apparatus, classified in class 396, subclass 89.

. Claims 1-16, 25-37, and 40 drawn to a method or a program, classified in
class 348, subclass 333.02. Various sub-classes in class 348 should be
searched including: 348/36, 219.1, 239, 302, and 373. Class 382, image

analysis, should also be considered.

The inventions are distinct, each from the other because of the following reasons:

Inventions | and |l are related as subcombinations disclosed as usable together
in a single combination. The subcombinations are distinct if they do not overlap in
scope and are not obvious variants, and if it is shown that at least one subcombihation
is separately usable. In the instant case, subcombination Il has separate utility such as
displaying additional information related to the camera operation or data related to the
captured camera image in a method or program. See MPEP § 806.05(d). |

The examiner haé required restriction between subcombinations usable together.
Where applicant elects a subcombination and claims thereto are subsequently found

allowable, any claim(s) depending from or otherwise requiring all the limitations of the
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allowable subcombination will be examined for patentability in accordance with 37 CFR
1.104. See MPEP § 821.04(a). Applicant is advised that if any claim presented in a
continuation or divisional application is anticipated by, or includes all the limitations of, a
claim that is allowable in the present application, such claim may be subject to
provisional statutory and/or nonstatutory double patenting rejections over the claims of

the instant application.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Melissa J. Koval whose telephone number is (571) 272-
2121. The examiner can normally be reached on Monday through Friday.
If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Patrick Assouad can be reached on (571) 272-2210. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Melissa Jan Koval /
Primary Examiner
Art Unit 2862 ~ ¢ %
MJK - KOVAL
LISSA JAN
||\>ARE\MARY EXAMINER
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IN THE U.S. PATENT AND TRADEMARK OFFICE

11/165,992
Kakkori, Hannu
Filed : June 24, 2005
TC/AU : 2862
Examiner : Koval, Melissa J.
Docket No. 877.0006.U1(US)
Customer No. : 29683
Title : ADAPTIVE OPTICAL PLANE FORMATION WITH ROLLING SHUTTER

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

AMENDMENT

Sir:
In response to the Office Action (Restriction Requirement) dated February 14, 2008, please

amend the above-identified application as follows.

Amendments to the Specification: None.

Amendments to the Claims: begin at page 2 of this paper.
Amendments to the Drawings: None.
Remarks/Arguments begin on page 7 of this paper.
Appendix: None.

Applicant believes that the filing of this paper is within the allotted shortened statutory period
for reply and no petition for time extension or fee is seen due. However, should the
undersigned representative be mistaken, please consider this a petition for an extension of
time that may be required to maintain the pendency of this patent application and/or charge

Deposit Account No. 50-1924 for any required fee deficiency.
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Appl. No. 11/165,992
Amdt. Dated March 3, 2008
Reply to Office Action of February 14, 2008

AMENDMENTS TO THE CLAIMS:
This listing of claims will replace all prior versions, and listings, of claims in the application:

1.(Original) A method for imaging a scene comprising:

manipulating an optical relationship between an optical lens and an image sensing
surface so that the image sensing surface is spaced at different effective image distances from
the lens; and

exposing different portions of the image sensing surface synchronous with

manipulating the optical relationship.

2.(Original) The method of claim 1, wherein at least one of manipulating the optical
relationship and exposing different portions of the image sensing surface are adaptive to

objects in a scene to be imaged at the sensing surface.

3.(Original) The method of claim 1, wherein exposing different portions of the image
sensing surface comprises adaptively exposing said portions based on at least a detected first

and second object distance.

4.(Original) The method of claim 3, wherein manipulating the optical relationship
comprises manipulating between a first effective image distance and a second effective image
distance, wherein the first and second effective image distances correspond respectively to

the first and second object distances.

5.(Original) The method of claim 1, wherein exposing different portions of the image
sensing surface comprises adaptively exposing said portions for different exposure periods

based on detected movement of at least two objects.

6.(Original) The method of claim 1, wherein exposing different portions of the image
sensing surface comprises adaptively exposing said portions for different exposure periods

based on detected brightness of at least two objects.

7.(Original) The method of claim 1, wherein the image sensing surface comprises an array

of pixels in adjacent rows, wherein a first portion of the array is exposed while the image
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sensing surface is at a first effective image distance, and a second portion of the array is
exposed while the sensing surface is at a second effective image distance, and wherein at
least one pixel of the first portion is in the same row of the array as at least one pixel of the

second portion.

8.(Original) The method of claim 1, wherein manipulating the optical relationship
synchronously with exposing operates to impose an effective curvature to the sensing surface,
at least a cross section of said effective curvature approximating at least a cross section of a

Petzval surface.

9.(Original) The method of claim 1, wherein the image sensing surface comprises

photographic film.

10.(Original) The method of claim 1, wherein the image sensing surface comprises an array

of photosensitive pixels.

11.(Original) The method of claim 1, wherein manipulating the optical relationship

comprises moving at least onc of the lens and the sensing surface relative to one another.

12 (Original) The method of claim 1, wherein manipulating the optical relationship

comprises altering a shape of the lens.

13.(Currently Amended) A method for imaging a scene comprising:
determining a first object distance between a first object in a scene and a lens;
determining a second object distance between a second object in the scene and the
lens;
within a continuous exposure frame:
exposing a first portion of an image sensing surface while the image sensing
surface is at a first effective image distance from the lens, where the first effective image
distance corresponds to the first object distance;
exposing a second portion of the image sensing surface while the image
sensing surface is at a second effective image distance from the lens, where the second

effective image distance corresponds to the second object distance; and
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combine-combining the exposed first and second portions into a single image.

14.(Original) The method of claim 13, wherein the single image is displayed on a digital

graphical user interface.

15.(Original) The method of claim 13, wherein exposing the first and second portion of the
1image sensing surface comprises adaptively exposing said portions for a first and second

exposure time based on a detected brightness of the first and second objects.

16.(Original) The method of claim 13, wherein exposing the first and second portion of the
image sensing surface comprises adaptively exposing said portions for a first and second

exposure time based on a detected speed of movement of the first and second objects.

17-24.(Canceled)

25.(Original) A program of machine-readable instructions, tangibly embodied on an
information bearing medium and executable by a digital data processor, to perform actions
directed toward operating a camera, the actions comprising:

during an exposure frame period, maintaining an image sensing surface at a variable
effective image distance from a lens synchronously with exposing different portions of the

sensing surface.

26.(Original) The program of machine-readable instructions according to claim 25, wherein
at least one of maintaining the image sensing surface at a variable effective image distance
and exposing different portions of the image sensing surface are adaptive to objects in a scene

to be imaged at the sensing surface.

27.(Original) The program of machine-readable instructions according to claim 25, wherein
exposing different portions of the image sensing surface comprises adaptively exposing said

portions based on at least a detected first and second object distance.

28.(Original) The program of machine-readable instructions according to claim 27, wherein

maintaining an image sensing surface at a variable effective image distance comprises
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varying between a first and a second image distance that respectively correspond to the first

and second object distances.

29.(Original) The program of machine-readable instructions according to claim 25, wherein
exposing different portions of the image sensing surface comprises adaptively exposing said

portions for different exposure periods based on detected movement of at least two objects.

30.(Original) The program of machine-readable instructions according to claim 25, wherein
exposing different portions of the image sensing surface comprises adaptively exposing said

portions for different exposure periods based on detected brightness of at least two objects.

31.(Original) The program of machine-readable instructions according to claim 25, wherein
the image sensing surface comprises an array of pixels for which the program controls

exposure of pixels according to rows.

32 (Original) The program of machine-readable instructions according to claim 25, wherein
the image sensing surface comprises an array of pixels for which the program controls

exposure of pixels individually.

33.(Original) The program of machine-readable instructions according to claim 25, wherein
maintaining an image sensing surface at a variable effective image distance synchronously
with exposing operates to impose an effective curvature to the sensing surface, at least a cross

section of said effective curvature approximating at least a cross section of a Petzval surface.

34 (Original) The program of machine-readable instructions according to claim 25, wherein

the image sensing surface comprises photographic film.

35.(Original) The program of machine-readable instructions according to claim 25, wherein

the image sensing surface comprises an array of photosensitive pixels.

36.(Original) The program of claim 25, wherein maintaining the image sensing surface at a
variable effective image distance from the lens comprises moving the lens relative to the

sensing surface.
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37.(Original) The program of claim 25, wherein maintaining the image sensing surface at a

variable effective image distance from the lens comprises changing a shape of the lens.

38-39.(Canceled)

40.(Original) A method of imaging a scene comprising:

imposing on a sensing surface an effective optical curvature that depends from a
scene, and

collecting an electronic image of the scene at the sensing surface with the effective

optical curvature.

41-45.(Canceled)
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This application was filed with claims 1-45. The office action dated February 14, 2008

Remarks/Arguments:

asserted two inventions as group I (claims 17-24, 38-39 and 41-45) and group II (claims 1-16,
25-37 and 40). The Applicant hereby elects the claims of group II, and the claims of group I

are canceled herein.
Claim 13 is amended to correct a grammatical error, not related to patentability.
Applicant respectfully requests examination of the elected claims on the merits.

Respectfully submitted:

Mu\k March 3, 2008

Jerty Starifon . — Date
Reg. No.: 46,008

Customer No.: 29683
HARRINGTON & SMITH, PC
4 Research Drive

Shelton, CT 06484-6212

Phone: (203) 925-9400
Facsimile: (203) 944-0245
Email: gstanton@hspatent.com

CERTIFICATE OF MAILING
I hereby certify that this correspondence is being deposited with the United States Postal

Service as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box
1450, Alexandria, VA 22313-1450.

a;/ 3//025027 »M%

Name of Person Making Deposit

Date
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

11/165,992 KAKKORI, HANNU
Office Action Summary Examiner ArtUnit

MELISSA J. KOVAL 2862

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 07 March 2008.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-16,25-37 and 40 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6)X] Claim(s) 1-16,25-37 and 40 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 24 June 2005 is/are: a)[X] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAIl  b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) & Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ___

3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date ______. 6) |:| Other:

U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-08) Office Action Summary Part of PaperCNo /MaIIEDat?I (2)0028061 1
anon Ex
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DETAILED ACTION
Election/Restrictions
1. Claims 17-24, 38-39 and 41-45 of group | are cancelled by applicant.

Election was made without traverse in the reply filed on March 7, 2008.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreigh country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

3. Claims 1-4 and 9-11 are rejected under 35 U.S.C. 102(b) as being anticipated by
Land U.S. Patent 3,537,373.

The examiner refers to both Figures 1 and 4a-4e.
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4. Claim 1 sets forth: “A method for imaging a scene comprising (See the scanning

exposure system of Figure 1 comprising image-forming means 26):

manipulating an optical relationship between an optical lens (movable second and third
lens elements 68 and 70) and an image sensing surface (photosensitive materials 27)
so that the image sensing surface is spaced at different effective image distances from
the lens (See transport means 34 and associated elements described, for example, in

column 6, lines 59 through 72, and column 7, lines 53 through 74.
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Trangport means 3 are provided for transperting the

g0 Photeensitivs materlals 37 ehind the syposire alit 32 during. -
“an sxposurs interval ot 2 velockty which is closely coordinated
with the sweep rate of the scanning mirror 38, Carefil correla-
tkm botwean the film trensport velochy and the scan rate is
necessary in order that successively scapned object pofnts are
&1 imagsd in the correct sdjscent Feisnt‘anwp of the phma\smt»
tve materizls 27 (o cpuse the image formed on the ph ntmma;-‘
tive materials 27 to be substantislly stationary with mespest’
theveto. Such traneport nteans may incduds the motor 4 anda
pair of gprockets 86, 38, mounted on sheft 60 far enigaging
78 perforations 62 in the photossnsitive materfal 17 1o provide 2
drivmgwmiﬁwr v between the motor 44 and ths p%*mmsma-

In FEQ. § the zoom lens i Mustroted 2s comprising & for-
ward positive elamsnt §6. and axiplly varighle negstive second
elomment 68 and an axially veariable positive third efement T8,
The Forward slement 46 i ilfustrated os being fixed ix order to
Hlustrate that no movemant thereof i§ necassary during expo-
sure to ascomplisk the objecte of the invention. However, in
practics, this element 66 would be capable of axial adivstment
for effscting foous mdjustments o ecoommedate abjeets at dil-
ferent obfoct distances.

An sxial cam T 5 peovided for offecting aulal movement
during an syposure interval of the second and thivd fens e
mems #8 and TO, respectively. Cam T3 inchrdes s flrat
camming slot T4 for driving 2 cam fallowsr 76 connestad to
leng support 73 for the regative second element §8. A second
campsng ot 88 drives ¢ cam follewer 81 connected to a leng
suppart for the positive third lens elzment T

in order that the cam 72 may e driven during an exposurs
{nterval in conrdination with the sweep of scanning mirror 38,
camt T2 s mounted for rotation sbout g shaft BE which &
driven with #n oscillating motion by 2 radial com 8% op shalt
48 which engages a transverse avm 99 extending from shaft
88. By = proper desigs of the sonflguration of rodial cam B8,
oam 72, and the camming slots 74, and 88, the refative spreing

); and

exposing different portions of the image sensing surface synchronous with manipulating
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the optical relationship (See column 7, lines 1 through 52.

5.

shutter. The time during which sach point on the photessnsi-
tive material 37 is exposed during & total expogure intervad ag-
cards with the relationsip

T3V

Where § = st width and ¥V = velochy et which the
photosensitive material 2T is wansported velative to the axpo-
sure siit 33

It is evident thet by a propar ssizction and correlation of the
rotational speed of the moter 44, the gear retio of the worm
gears 48, 59, the relative radii of the sprockets ¥, 58 and the
shaft 6 vpon which they are mounted, and the factors ins
wadved o the som deive by axdal cam 83 of the mircor 38, the
rate 3t which the cbject 41 iz scanued by the scawning mirror
28 may be very olossly cogrdinated with the velockty 2t whick
the photorensitive material 27 i transpocted behing the expe-
suresltt 33

it is mioted that a constant swaep rate of the seanning wmirror, .

gssuming o constant velocity of the photosensitive materiols
during exposure, would produse an image that is smesred in-
greasingly toward the satvemes of the faid. This smeaving of
the image b s resalt of the Inoresslng effective sweep mte

scross the surface of the photossnsitive material 37 o3 invrsns-

fng offiaxis scan angles. A comprehensive undecstanding of
the sweep velooity characieristic of the scanning mimor 38
which 15 nec3Isary to prodisee Bm hmuge withouwt smear v oot
gesantial to the undersineding of this invention and. sc-
condingly, at in depth unalysis of this problem e not thought
to be approprints here. Bowever, it 5 noted thet reguirsd
gweep rate s & function of the square of the cosine of the in-
starenesus scam anghe,

In sceordance with the principles of this inventinr, means
ars provided for altering the scale of clemental imuges Sormed
successively during an exposiss interval ek that oIl parts of
the ot image formed are sybstantfally free of eylindrical pes-
spective distonion.

irs order that the magnification of suecussively formed ele-
mentsl images may be varied as the object is scapned, I8 Ac-
eordance with this invention the image-forming means 26 &5
varifoeal. A simple, mechanically compensuted thiee-alémen
verifoes] zoom lens is depicted In onder that (ke principles of
the investion mey be most clesrly expleined. it Is o be un-
derstond. hawever, that eptleslly sampenssied, rather than
mechanically compensated, J00m shsldme wmay dlso be sm-
ployed. in practices & wuch morz compler, highly corrected
2oom lens would be preferred to the iflusirated thres-eloment
fers. Bt is Forther noted that @ foom lens employed i ac
coodanss with this invention may also be afocal and used in
gonfusction with a fixed-focus rear eismient.

{3

30

33

49

43

5

)

Page 6

Claim 2 sets forth: “The method of claim 1, wherein at least one of manipulating

the optical relationship and exposing different portions of the image sensing surface are
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adaptive to objects in a scene to be imaged at the sensing surface.” See object 28 that
is scanned by scanning mirror 28.

6. Claim 3 sets forth: “The method of claim 1, wherein exposing different portions of
the image sensing surface comprises adaptively exposing said portions based on at
least a detected first and second object distance.” See Figures 4a through 4e. See

column 9, lines 1 through 33.

1t will be seenm from & sty of FIGS. do—dr that becoude of
the perspeciive telationship botwean object and image, the
haif-field angles F, along the V=Y axis und £, along the X-X
gxis subdsnded by object strip AB &t one txtmm of the fald
are smalier than for wirip £D closer to the Z-Z axis or strip EF
on the axis. Correspondingly, oy the apposed side of the Z-2
Bxis, the helf-fisld angles f and § decrease to @ minimim st
ﬁss extreme sirip 1. Hencs, 10 compensate for this condition,

the zeperation of elements §6 and £8 is varied during an expe-
surs inverval sach that all parts of the total image formed have
the same scabe. The broken line path Nnking FIGS. 4a—de
rapresent the locus of travel through which negative element
S% may be moved to effect an alterstdon of the magnification
which will aecamp‘is‘a thik’ -sf:aiu unifnvmhy thooughout the
image.

:E ta wall kiween From Lhe peinciples of 2oom lens sysbemy,
e movement of the negative second element 88 towaid the
positive first eloment 56 to siter the effective fogal fength will
Rave the effect of causing the focal plane to shift In & manner
which may be descrided by a second order cusve, To cenp&n-
gate for such & SRR in the foun! plane, the postive third el
ment 70 is moved Hrst toward then sway from the object, ss
shown by the Broken Bow path in FIG, da-4e, to maintain e
Focal plase substahtially Rxed at & posltion colneident with the |
plane through which the photosensitive material 37 i3 baing
transportad, it s seon from FIOS. du—de that the strlp images
RQ, WM, #F, FE, D'CY, and B'A’ heve the samé seale
and He bn the same image plame. Thus, by this invention, a
‘scanning esposure svstem having & folded optival path as !
deagribed, is rendered capable of forming images sl parts of
which ere substentislly free from cylindrical perspestive
distorrion and whicl are in sharp focus throughout.

e

w2

7. Claim 4 sets forth: “The method of claim 3, wherein manipulating the optical
relationship comprises manipulating between a first effective image distance and a

second effective image distance, wherein the first and second effective image distances
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correspond respectively to the first and second object distances.” Claim 4 is met for the
same reasons already applied in the rejection of claim 3 as set forth above.

8. Claim 8 sets forth: “The method of claim 1, wherein manipulating the optical
relationship synchronously with exposing operates to impose an effective curvature to
the sensing surface, at least a cross section of said effective curvature approximating at
least a cross section of a Petzval surface.” Petzval curvature correction is described
with respect to the prior art, Figure 2. Given the teaching of the BACKGROUND OF
THE INVENTION, the examiner interprets the system of Figure 1 to be free of any
aberrations caused by Petzval curvature.

9. Claim 9 sets forth; “The method of claim 1, wherein the image sensing surface
comprises photographic film.” Figure 1 shows a strip of film.

10. Claim 11 sets forth: “The method of claim 1, wherein manipulating the optical
relationship comprises moving at least one of the lens and the sensing surface relative
to one another.” See Figure 1 in view of the teachings applied in the rejection of claims
1-4, 9 and 10 as set forth above. Both the lens and the sensing surface move relative

to one another.

Claim Rejections - 35 USC § 103
11.  The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.
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12.  Claims 25 -28, 33, 34, 36 and 40 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Land U.S. Patent 3,537,373 in view of Strout et al. U.S. Patent
4,484,233.

13.  Claim 25 sets forth: “A program of machine-readable instructions, tangibly
embodied on an information bearing medium and executable by a digital data
processor, to perform actions directed toward operating a camera, the actions
comprising:

during an exposure frame period, maintaining an image sensing surface at a variable
effective image distance from a lens synchronously with exposing different portions of

the sensing surface.”
See the rejection of claim 1 under 35 U.S.C 102(b) as set forth above. Land ‘373 meets

all of the limitations of claim 25 except for the presence of a digital processor for a user
to programmably instruct.
See claims 1 through 5 of Strout 233. Strout comprises a device comprising
analogous elements to those comprised by the system of Land ‘373. Claim 5 is

provided for applicant’s convenience.

" 8, The spparstas of claim 4 whercin ssid third mesns
includes & digital processcs, digital memory, and zm 1
input/output circult, seid processor being coupled to
said memory and input/output circuit through an sd-
drass, memory und dats bus, said third mesns further
including & user input circuit coupled 10 said processor
theough sald input/output olronit whereby 2 user may |
programmably instruct sald processor to generate im-
structions for and coupled to sald printing means, first
magas for moving photosensitive medium, cathode sy
tube 2nd second tmeans o expose aaid photosensitive
photosensitive mediom and sald printing mesns sccord- 2
ing to a selected one of & plurality of formats selecied
through ssid user input circull inn respense 1o uskr achi-
VRO,

sl

o a s - - u R
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It would have been obvious to one having ordinary skill in the art at the time the
invention was made to modify the system of Land ‘373 in view of Strout ‘233 to include
digital processing means. The motivation for one having ordinary skill in the art to make
the modification would be to update systems in view of the evolution of the camera and
printing arts from analog to digital systems. Furthermore, one having ordinary skill in the
art at the time the invention was made would make the modification with a reasonable

expectation of success.

14.  Section 103 forbids issuance of a patent when ‘the differences between the
subject matter sought to be patented and the prior art are such that the subject matter
as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains’ “. KSR Int’l Co. v.
Teleflex Inc., 127 S. Ct. 1727, 1734, 82 USPQ2d 1385, 1391 (2007). The question of
obviousness is resolved on the basis of underlying factual determination including (1)
the scope and content of the prior art, (2) any differences between the claimed subject
matter and the prior art, and (3) the level of skill in the art. Graham v. John Deere Co.,
383 U.S.1,17-18, 148 USPQ 459, 467 (1966). See also KSR, 127 S. Ct. at 1734, 82
USPQ2d at 1391 (“While the sequence of these questions might be reordered in any
particular case, the [Graham] factors continue to define the inquiry that controls.”). The
Court in Graham further noted that evidence of secondary considerations, such as
commercial success, long felt but unsolved needs, failure of others, etc., “might be
utilized to give light to the circumstances surrounding the origin of the subject matter
sought to be patented.” 383 U.S. at 18, 148 USPQ at 467. “if a court, or patent
examiner, conducts this analysis and concludes the claimed subject matter was
obvious, the claim is invalid under §103.” KSR, 127 S. Ct. at 1734, 82 USPQ2d at
1391.

The mere existence of differences between the prior art and the claim does not
establish nonobviousness. Dann v. Johnston, 425 U.S. 219, 230, 189 USPQ 257, 261
(1976). The issue is “whether the difference between the prior art and the subject matter
in question “is a difference sufficient to render the claimed subject matter unobvious to
one skilled in the applicable art.” “ Dann, 425 U.S. at 228-29, 189 USPQ at 261 (citation
omitted). To be nonobvious, an improvement must be “more than the predictable use of
prior art elements according to their established function.” KSR, 127 S. Ct. at 1740, 82
USPQ2d at 1396.
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In KSR, the Supreme Court emphasized “the need for caution in granting a
patent based on the combination of elements found in the prior art, “id. At 1739, 82
USPQ2d at 1395, and discussed circumstances in which a patent might be determined
to be obvious. In particular, the Supreme Court emphasized that “the principles laid
down in graham reaffirmed the obviousness™)). However, “the analysis need not seek
out precise teachings directed to the specific subject matter of the challenged claim, for
a court can take account of the inferences and creative steps that a person of ordinary
skill would employ.” Id. The court cautioned that “[a] factfinder should be aware, of
course, of the distinction caused by hindsight bias and must be cautious of arguments
reliant upon ex post reasoning.” Id. At 1742, 82 USPQ2d at 1397.

The court noted that “[in] many fields it may be that there is little discussion of
obviousness techniques or combinations, and it often may be the case that market
demand , rather than scientific literature, will drive design trends.” KSR, 127 S. Ct. at
1741, 82 USPQ2d at 1396. “Under the correct analysis, any need or problem known in
the field of endeavor at the time of invention and addressed by the patent can provide a
reason for combining the elements in the manner claimed.’ /d. At 1742, 82 USPQ2d at
1397. The Court also noted that “[clommon sense teaches...that familiar items may
have obvious uses beyond their primary purposes, and in many cases a person of
ordinary skill will able to fit the teachings of multiple patents together like pieces of a
puzzle.’ Id. At 1742, 82 USPQ2d at 1397. “A person of ordinary skill is also a person of
ordinary creativity, not an automaton.” /d.

Furthermore, the Supreme Court explained that “{w}hen there is a design need or
market pressure to solve a problem and there are a finite number of identified,
predictable solutions, a person of ordinary skill has good reason to pursue the known
options within his or her technical grasp.” KSR, 127 S. Ct. at 1742, 82 USPQ2d at 1397.
“If this leads to the anticipated success, it is likely the product not of innovation but of
ordinary skill and common sense, “id. And, in such an instance” the fact that a
combination was obvious to try might show that it was obvious under §103” id.

The level of ordinary skill in the art may be evidenced by the prior art references.
In re GPAC Inc., 57 F.3d 1573, 1579, 35 USPQ2d 1116, 1121 (fed. Cir. 1995)
(“Although the Board did not make a specific finding on skill level, it did conclude that
the level of ordinary skill in the art...was best determined by appeal to the references of
record....We do not believe that the Board clearly erred in adopting this approach.”);
see also In re Oelrich, 579 F.2d 86, 91, 198 USPQ 210, 214 (CCPA 1978) (“the PTO
usually must evaluate both the scope and content of the prior art and the level of
ordinary skill solely on the cold words of the literature”).

In sustaining a multiple reference rejection under 35 U.S.C. §103(a), the Board
may rely on one reference alone without designating it as a new ground of rejection. In
re Bush, 296 F. 2d 491, 496, 131 USPQ 263, 266-67 (CCPA 1961); in re Boyer, 363 F.
2d 455, 458 n. 2, 150 USPQ 441, 444 n.2 (CCPA 1966).

During examination of patent application, a claim is given its broadest reasonable
construction consistent with the specification. In re Prater, 415 F 2d. 1393, 1404-05, 162
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USPQ 541, 550-51, (CCPA 1969). “[T]he words of a claim ‘are generally given their
ordinary and customary meaning.’ “

Phillips v. AWH Corp., 415 F. 3d 1303, 1312, 75 USPQ2d 1321, 1326 (Fed. Cir. 2005)
(en banc) (internal citations omitted). The “ordinary and customary meaning of a claim
term is the meaning that the term would have to a person of ordinary skill in the art in
question at the time of the invention, i.e., as of the effective filing date of the patent
application.” Id. At 1313, 75 USPQ2d at 1326.

15.  With respect to the remaining claims, the references are combined for the same

reasons already applied in the rejection of claim 25.

16.  Claim 26 sets forth: “The program of machine-readable instructions according to
claim 25, wherein at least one of maintaining the image sensing surface at a variable
effective image distance and exposing different portions of the image sensing surface
are adaptive to objects in a scene to be imaged at the sensing surface.”

See object 28 that is scanned by scanning mirror 28 of Land.

17.  Claim 27 sets forth: “The program of machine-readable instructions according to
claim 25, wherein exposing different portions of the image sensing surface comprises
adaptively exposing said portions based on at least a detected first and second object
distance.”

18.  Claim 28 sets forth: “The program of machine-readable instructions according to
claim 27, wherein maintaining an image sensing surface at a variable effective image
distance comprises varying between a first and a second image distance that
respectively correspond to the first and second object distances.”

See the rejections of claims 3 and 4 as set forth above in the rejection under 102(b) as

anticipated by Land.
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19.  Claim 33 sets forth: “The program of machine-readable instructions according to
claim 25, wherein maintaining an image sensing surface at a variable effective image
distance synchronously with exposing operates to impose an effective curvature to the
sensing surface, at least a cross section of said effective curvature approximating at
least a cross section of a Petzval surface.” Petzval curvature correction is described
with respect to the prior art, Figure 2 of Land. Given the teaching of the BACKGROUND
OF THE INVENTION of Land, the examiner interprets the system of Figure 1 to be free
of any aberrations caused by Petzval curvature.
20. Claim 34 sets forth: “The program of machine-readable instructions according to
claim 25, wherein the image sensing surface comprises photographic film.” Figure 1 of
Land shows a strip of film.
21.  Claim 36 sets forth: “The program of claim 25, wherein maintaining the image
sensing surface at a variable effective image distance from the lens comprises moving
the lens relative to the sensing surface.”
See Figure 1 of Land in view of the teachings applied in the rejection of claims 1-4, 9
and 10 as set forth above. Both the lens and the sensing surface move relative to one
another.
22. Claim 40 is met for the same reasons already applied in the rejection of claim 25
as set forth above.

Double Patenting
23. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the

unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
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obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

24. Claims 1 through 12, 25 through 37 and 40 are provisionally rejected on the
ground of nonstatutory obviousness-type double patenting as being unpatentable over
claims 1 through of copending Application No. 11/200,267 (U.S. patent Application
Publication 2007/0031136 A1, a Notice of Allowance was mailed from the Office on
April 30, 2008). Although the conflicting claims are not identical, they are not patentably
distinct from each other because the claims of the instant application and the claims of
the publication use synonymous language to claim essentially the same thing.

This is a provisional obviousness-type double patenting rejection because the
conflicting claims have not in fact been patented.

25. A comparison of several of the claims are made for applicant’s convenience.

26. Claim 1. “A method for imaging a scene comprising:

1. A method for dighslly imaging & scene Comprising:

manipulating an optical relationship between an optical lens and an image sensing
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surface so that the image sensing surface is spaced at different effective image

distances from the lens

providing as ’maglng fens end = digital lmage: SEGILE

stefioe for recetving Hght through the leas - and
H

exposing different portions of the image sensing surface synchronous with

manipulating the optical relationship.”

changing 4 foousiag of the imaging lotw whth raspact 1o
the digitl bnage sensing surface B comespondence
‘mﬂ* avy ance .:\* 8 pasneter that relztes & E‘aﬁ"‘d“ﬁd

: ce and moother Image derive
ing Imm ;Eia capinved hnege,

The examiner asserts that the limitations “changing” and manipulating” are not distinctly
different. Also the limitation “variance of a parameter” reads on “exposure”.

27. Claim 25 sets forth: “A program of machine-readable instructions, tangibly
embodied on an information bearing medium and executable by a digital data

processor, to perform actions directed toward operating a camera, the actions

comprising:

184 progran of machine-readable lnsfrustions, tengibly
embadied on an indfoomistion bearing medhem and exsetabla
by a ulg wal deta procsssor, to perform sctions directed
toward changing an optical distance hetween an optics! lens
and A sensing srface, the actions comprising:

during an exposure frame period, maintaining an image sensing surface at a variable

effective image distance from a lens synchronously with exposing different portions of
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the sensing surface.”

zorrelating changss in foousing B iznz with respect o &
sensing awface of & dights! image caphning component
with varaiwe of & parwiistay the seleres o iviage
ceptured 2t the sen#ing surfers and Encther derivative
iMIge.

The limitations of claim 19 of the publication do not expressly meet the limitation
“operating a camera,” however the operation of many cameras could include “changing
an optical distance between an optical lens and a sensing surface”. “Changes in
focusing a lens” reads on “variable effective image distance”. The examiner associates
“synchronously” with “correlating”. Any patentable distinctions between the limitations

“exposing different portions of the sensing surface” and “another derivative image” are

not clear to the examiner.

28. Claim 12 sets forth: “The method of claim 1, wherein manipulating the optical
relationship comprises altering a shape of the lens.”

36, The progrem of mookine readable fnstrustions of
20, whereln comelating changes in focusing = lems
ompises electronicaily che

Also see claim 9 of the publication.
With respect to the claims that two objects, the limitations "video" and "hyperfocal

distance" accommodate images scenes likely to include multiple objects.

Allowable Subject Matter

29. Claims 13 through 16 are allowed.
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30. The following is an examiner’s statement of reasons for allowance:
Each and every limitation of claim 13 is required to patentably distinguish over the prior
art of record.
Claims 14 and 16 depend from claim 13.
Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany
the issue fee. Such submissions should be clearly labeled “Comments on Statement of
Reasons for Allowance.”

Conclusion
31.  The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.
Furlan et al. U.S. Patent Application Publication US 2004/0223075 A1 teaches a digital
photography device having a rolling shutter.
Wang et al. U.S. Patent Application Publication US 2006/0202038 A1 teaches a system

and method to automatically focus an image reader.

32.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MELISSA J. KOVAL whose telephone number is (571)
272-2121. The examiner can normally be reached on Monday through Friday.

33. If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Patrick J. Assouad can be reached on 571-272-2210. The fax phone
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number for the organization where this application or proceeding is assigned is 571-
273-8300.

34. Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/MELISSA J KOVAL/ MELISSA J KOVAL

Primary Examiner, Art Unit 2862 Primary Examiner
Art Unit 2862

MJK
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AMENDMENTS TO THE CLAIMS:

This listing of the claims will replace all prior versions, and listings, of the claims in this

application.

1.(Canceled)

2. (Currently Amended) The method of elaim1 claim 7, wherein at least one of
manipulating the optical relationship and exposing different portions of the image sensing

surface are adaptive to objects in a scene to be imaged at the sensing surface.

3.(Currently Amended) The method of elaim1 claim 7, wherein exposing different
portions of the image sensing surface comprises adaptively exposing said portions based on

at least a detected first and second object distance.

4.(Currently Amended) The method of elatm+ claim 7, wherein manipulating the
optical relationship comprises manipulating between a first effective image distance and a
second effective image distance, wherein the first and second effective image distances

correspond respectively to the first and second object distances.

5. (Currently Amended) Fhe-method-of elaim-wherein-exposing different portionsof
the-image-sensing surfaces-ecomprises A method comprising:

manipulating an optical relationship between an optical lens and an image sensing

surface so that the image sensing surface is spaced at different effective image distances from

the lens; and

exposing different portions of the image sensing surface synchronous with

manipulating the optical relationship by adaptively exposing said portions for different

exposure periods based on detected movement of at least two objects.

6.(Currently Amended) The method-of elaim l-wherein-exposing-different-portions-of
the-image-sensing surface-comprises A method comprising:

2
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manipulating an optical relationship between an optical lens and an image sensing

surface so that the image sensing surface is spaced at different effective image distances from

the lens; and

exposing different portions of the image sensing surface synchronous with
manipulating the optical relationship by adaptively exposing said portions for different

exposure periods based on detected brightness of at least two objects.

7.(Currently Amended) Fhe-method-of-elaim1 A method comprising:

manipulating an optical relationship between an optical lens and an image sensing

surface so that the image sensing surface is spaced at different effective image distances from

the lens; and

exposing different portions of the image sensing surface synchronous with

manipulating the optical relationship,

wherein the image sensing surface comprises an array of pixels in adjacent rows,
wherein a first portion of the array is exposed while the image sensing surface is at a first
effective image distance, and a second portion of the array is exposed while the sensing
surface is at a second effective image distance, and wherein at least one pixel of the first

portion is in the-same a same row of the array as at least one pixel of the second portion.

8.(Currently Amended) The-method-of elaim1; A method comprising:

manipulating an optical relationship between an optical lens and an image sensing

surface so that the image sensing surface is spaced at different effective image distances from

the lens; and

exposing different portions of the image sensing surface synchronous with manipulating
the optical relationship,

wherein manipulating the optical relationship synchronously with exposing operates to

impose an effective curvature to the sensing surface-atleasta-eross-section-of said-effective
curvature-approximating atJeast-a-eress-section-of that approximates a Petzval surface.

9.(Canceled)

10.(Currently Amended) The method of elaim+ claim 5, wherein the image sensing

3
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surface comprises an array of photosensitive pixels.

11.(Currently Amended) The method of elaim—+ claim 7, wherein manipulating the
optical relationship comprises moving at least one of the lens and the sensing surface relative

to one another.

12.(Currently Amended) The-method-ofelaim-15; A method comprising:

manipulating an optical relationship between an optical lens and an image sensing

surface so that the image sensing surface is spaced at different effective image distances from

the lens; and

exposing different portions of the image sensing surface synchronous with

manipulating the optical relationship,

wherein manipulating the optical relationship comprises altering a shape of the lens.

13.(Currently Amended) A method fer-imaging a-seene comprising:

determining a first object distance between a first object in a scene and a lens;
determining a second object distance between a second object in the scene and the
lens;

within a continuous exposure frame:

exposing a first portion of an image sensing surface while the image sensing
surface is at a first effective image distance from the lens, where the first effective
image distance corresponds to the first object distance;

exposing a second portion of the image sensing surface while the image
sensing surface is at a second effective image distance from the lens, where the
second effective image distance corresponds to the second object distance; and

combining the exposed first and second portions into a single image.

14.(Original) The method of claim 13, wherein the single image is displayed on a digital

graphical user interface.

15.(Original) The method of claim 13, wherein exposing the first and second portion of the
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image sensing surface comprises adaptively exposing said portions for a first and second

exposure time based on a detected brightness of the first and second objects.

16.(Original) The method of claim 13, wherein exposing the first and second portion of the
image sensing surface comprises adaptively exposing said portions for a first and second

exposure time based on a detected speed of movement of the first and second objects.

17-25.(Canceled)

26.(Currently Amended) The memory of pregram-of machine-readable-instructions
acecordingto-elaim—25 claim 35, wherein at least one of maintaining the image sensing surface

at a variable effective image distance and exposing different portions of the image sensing

surface are adaptive to objects in a scene to be imaged at the sensing surface.

27 (Currently Amended) The memory of pregram-of machine-readable-instructions
aceordingto-elaim25 claim 35, wherein exposing different portions of the image sensing
surface comprises adaptively exposing said portions based on at least a detected first and

second object distance.

28.(Currently Amended) The memory of pregramof-machine-readable-instruections
acecording-to-claim27 claim 35, wherein maintaining an image sensing surface at a variable

effective image distance comprises varying between a first and a second image distance that

respectively correspond to the first and second object distances.

'29.(Currently Amended) The memory of program-ef-machine-readable-instructions
according-to-elaim25 claim 35, wherein exposing different portions of the image sensing
surface comprises adaptively exposing said portions for different exposure periods based on

detected movement of at least two objects.

30.(Currently Amended) The memory of pregram-ef-machine-readable-instruetions
according-to-elaim25 claim 35, wherein exposing different portions of the image sensing

5
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surface comprises adaptively exposing said portions for different exposure periods based on

detected brightness of at least two objects.

31.(Currently Amended) The memory of pregram-ef-machine-readable-instructions

aceordingto-elaim25 claim 35, wherein-the-image sensingsurface comprises-an-array-of
pixels-fer-whieh the program controls exposure of the photosensitive pixels according to

rows.

32.(Currently Amended) The memory of program-of machine-readable-instructions

according-to-elaim25 claim 35, wherein the-image sensing-surface-comprises-an-array-of
pixelsfor-which the program controls exposure of the photosensitive pixels individually.

33.(Currently Amended) The memory of pregram-of machine-readable-instructions
aceording-to-elaima25 claim 35, wherein maintaining an image sensing surface at a variable

effective image distance synchronously with exposing operates to impose an effective
curvature to the sensing surface;-atleast-a-eross-section-of said-effective-curvature

approximating-atleast-a-eross-section-of that approximates a Petzval surface.

34.(Canceled)

35.(Currently Amended) A memory storing a program of machine-readable instructions,

executable by a digital data processor, to perform actions directed toward operating a camera,

the actions comprising:

during an exposure frame period, maintaining an image sensing surface at a variable

effective image distance from a lens synchronously with exposing different portions of the

sensing surface,

, wherein the image

sensing surface comprises an array of photosensitive pixels.

36. (Currently Amended) The program memory of elaim 25 claim 35, wherein

maintaining the image sensing surface at a variable effective image distance from the lens

6
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comprises moving the lens relative to the sensing surface.

37.(Currently Amended) The pregram memory of elaim25 claim 35, wherein
maintaining the image sensing surface at a variable effective image distance from the lens

comprises changing a shape of the lens.

38-45.(Canceled)
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REMARKS:

Rejections under 35 USC 102(b)

The Examiner rejected claims 1-4 and 8-11 under 35 USC 102(b) as being anticipated by
U.S. Patent No. 3,537,373 (Land). Claims 1 and 9 have been cancelled. Claims 5-7 were

deemed allowable save for a double patenting rejection (addressed below), and have been
rewritten as independent claims. Claim 2-4 and 11 have been amended to depend from
rewritten independent claim 7. Claims 10-11 have been rewritten to depend from rewritten

independent claim 5. Remarks respecting claim 8 are set forth below.

Rejections under 35 USC 103(a)
The Examiner rejected claims 25-28, 33, 34, 36, and 40 under 35 U.S.C. §103(a) as being
obvious over Land in view of Strout (U.S. Patent No. 4,484,233). Claim 35 was deemed

allowable save for a double patenting rejection (addressed below), and has been rewritten as
an independent claim. Claim 25 has been cancelled. Claims 26-33 and 35-37 have been
amended to depend from rewritten independent claim 35. Claims 34 and 40 have been
cancelled. Further, the preambles of claim 35 and claims now depending from it are changed
to claim the memory rather than a program embodied on a memofy/medium, consistent with

what appears to be the Patent Office’s recent preference.

Rejections under Non-Statutory Double Patenting

The Examiner rejected claims 1-12, 25-37, and 40 on the ground of non-statutory

obviousness-type double patenting. A terminal disclaimer under 37 C.F.R. 1.321 is attached.

Allowed Claims:
The office action concluded that claims 13 through 16 are allowed. The preamble of claim

13 is shortened, which is not seen to change the conclusion of patentability.

Comments respecting claim 8:

The examiner stated in the substantive rejection of claim 8 that the Land reference describes
Petzval curvature correction. The rejection of claim 8 is seen to imply that in Land, Petzval

curvature is corrected along the X’ axis since the film moves in that direction (Land, Fig. 2).

8
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Land explicitly states at col. 1 lines 71-75 that the focal field is flat so as to coincide with the
plane of the photosensitive material 14 (film). Because L.and’s moving film is planar, Petzval
curvature is seen to be corrected ONLY along the X’ axis as shown at Land Fig. 2, and
cannot be corrected along the Y’ axis of that same film given the mechanical arrangement of
Land. Claim 8 is rewritten as an independent claim and amended to remove the formerly
recited “at least a cross section” language, now reciting that the imposed effective curvature
approximates a Petzval surface. Since a surface cannot be defined only by a line such as the

X’ axis in Land’s Figure 2, claim 8 as amended is seen to patentably distinguish over Land.

All claims presented herein with the exception of claim 8 are seen to recite subject matter that
the office action deemed patentably distinct over the cited art. Claim 8 is amended to
overcome the rejection, and a terminal disclaimer is attached to address the double patenting
issue. As such, all claims are seen to be in condition for allowance. The Examiner is
requested to now pass each of claims 2-8, 10-16, 26-33 and 35-37 to issue. The Applicant’s
representative named below welcomes the opportunity to address any unresolved issue that

may remain, formal or otherwise, via teleconference at the Examiner’s discretion.

Respectfully submitted:

§¢D \8 ADD
Jerry &tanto Date
Reg. No.: 46,008

Customer No.: 29683

HARRINGTON & SMITH, PC Telephone: (203) 925-9400 ext. 12
4 Research Drive Facsimile: (203) 944-0245
Shelton, CT 06484-6212 E-mail: gstanton@hspatent.com

CERTIFICATE OF MAILING
I hereby certify that this correspondence is being deposited with the United States Postal
Service as first class mail in an envelope addressed to: Mail Stop Amendment, Commissioner
for Patents, P.O. Box,1450, Alexandria, VA 22313-1450.

)\om& AR 20X

Na@ of Person Making Deposit Date
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p 11 1008 rminal Disclaimer To Obviate A Double Docket No.
S_E ' atenting Rejection Over A Prior Patent 877.0006.U1(US)
Wn Of:
Hannu Kakkori
Application No. Filing Date Examiner Customer No. | Group Art Unit | Confirmation No.
11/165,992 06/24/2005 Koval, Melissa J. 29863 2862 3430

Invention:
Adaptive Optical Plane Formation with Rolling Shutter

Owner of Record:
Nokia Corporation

COMMISSIONER FOR PATENTS:

The above-identified owner of record of a 100  percent interest in the instant application hereby disclaims, except as
provided below, the terminal part of the statutory term of any patent granted on the instant application, which would extend beyond
the expiration date of the full statutory term defined in 35 U.S.C. 154 to 156 and 173, as presently shortened by any terminal
disclaimer, of prior Patent No. 7,412,158 . The owner hereby agrees that any patent so granted on the instant application shall
be enforceable only for and during such period that it and the prior patent are commonly owned. This agreement runs with any
patent granted on the instant application and is binding upon the grantee, its successors and/or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of any patent granted on the instant
application that would extend to the expiration date of the full statutory term as defined in 35 U.S.C. 154 to 156 and 173 of the prior
patent, as presently shortened by any terminal disclaimer, in the event that it later expires for failure to pay a maintenance fee, is
held unenforceable, is found invalid by a court of competent jurisdiction, is statutorily disclaimed in whole or terminally disclaimed
under 37 C.F.R. 1.321, has all claims cancelled by a reexamination certificate, is reissued, or is in any manner terminated prior to
the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. [ For submissions on behalf of an organization (e.g., corporation, partnership, university, government agency, etc.), the
undersigned is empowered to act on behalf of the organization.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on
information and belief are believed to be true; and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code and that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

2. The undersigned is an attorney of record.

W ’ Dated:  September 8, 2008

<~ “Slgnature

Jerry Stanton (Registration No. 46,008)
Typed or Printed Name
Terminal disclaimer fee under 37 C.F.R. 1.20(d) included.
a PTO suggested wording for terminal disclaimer was unchanged.
Certification under 37 C.F.R. 3.73(b) is required if terminal disclaimer is signed by the assignee.

Canon EXx. ﬂ»&fhgvos
Page 143 of 168




PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** |If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 11/165,992 06/24/2005 | [ To be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a). (b). or (c))
[ seARcH FEE
(37 CFR1.16(. (). or (m) N/A N/A N/A N/A
|:| EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A N/A
é?%ﬁLREL'I'%I(,I\;I)S minus20= | * X$ = ORI X3 =
INDEPENDENT CLAIMS . N _ -
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
sheets of paper, the application size fee due
] pap: pp
A?’F;PCLF'(&TJSN SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
- 09/11/2008 | Arrer PREVIOUSLY EXTRA RATE () | Fee $) RATE ($) FEE ($)
E AMENDMENT PAID FOR
E I?Gt?' (87 CFR ~ 25 Minus | ~ 45 =0 X$ = OR | x $50= 0
E '2;’2‘;2”1‘??6?}1)) x 7 Minus | =7 =0 X$ = OR | x s$210= 0
<§E l:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD'L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE () | Fee $) RATE ($) FEE ($)
— AMENDMENT PAID FOR
Z | 1o erem . Minus | * = xs = oR [ xs =
2 e, |- Minus | - - xs = oR [xs =
E D Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

Legal Instrument Examiner:

NIKKI SHORT/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to

process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,

preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Application Number Application/Control No. Applicant(s)/Patent under
Reexamination
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL

~ Date Filed : 9/11/08

This patent is subject
to a Terminal
Disclaimer

DISCLAIMER | X1 APPROVED [] DISAPPROVED

Approved/Disapproved by:

Janice Ford

7412158

U.S. Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

20683 7590 12/11/2008 | EXAMINER |
HARRINGTON & SMITH, PC KOVAL, MELISSA J
4 RESEARCH DRIVE, Suite 202 | ART UNIT PAPER NUMBER |

SHELTON, CT 06484-6212 2862

DATE MAILED: 12/11/2008

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

11/165,992 06/24/2005 Hannu Kakkori 877.0006.U1(US) 3430
TITLE OF INVENTION: ADAPTIVE OPTICAL PLANE FORMATION WITH ROLLING SHUTTER

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $300 $0 $1810 03/11/2009

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW

DUE.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)roprlate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

29683 7590 12/11/2008
Certificate of Mailing or Transmission
HARRINGTON & SMITH, PC I hereby cerltify that thisﬂfee(fsf) Transmittal isf be%ng dfiposited 1With the Uriited
: States Postal Service with sufficient postage for first class mail in an envelope
4 RESEARCH DRIVE, Suite 202 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
SHELTON, CT 06484-6212 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/165,992 06/24/2005 Hannu Kakkori 877.0006.U1(US) 3430
TITLE OF INVENTION: ADAPTIVE OPTICAL PLANE FORMATION WITH ROLLING SHUTTER
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 03/11/2009
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
KOVAL, MELISSAJ 2862 396-065000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CEFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v. epending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
11/165,992 06/24/2005 Hannu Kakkori 877.0006.U1(US) 3430
20683 7590 12/11/2008 | EXAMINER |
HARRINGTON & SMITH, PC KOVAL, MELISSA J
4 RESEARCH DRIVE, Suite 202 | ART UNIT PAPER NUMBER |

SHELTON, CT 06484-6212 2862

DATE MAILED: 12/11/2008

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 484 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 484 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.
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Application No. Applicant(s)

) . 11/165,992 KAKKORI, HANNU
Notice of Allowability Examiner Art Unit
MELISSA J. KOVAL 2862

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the Amendment of September 11, 2008..

2. X The allowed claim(s) is/are 2-8.10-16,26-33 and 35-37(now renumbered 1-25).

3. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[d Al b)[J Some* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ______
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date ____ .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. (] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. ] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [1 Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date 11/6/2006&6/24/2005
4. [ Examiner's Comment Regarding Requirement for Deposit 8. [ Examiner's Statement of Reasons for Allowance

of Biological Material

1. 9. X Other The terminal disclaimer filed on

September 11, 2008 disclaiming the terminal portion of any
patent granted on this application which would extend beyond
the expiration date of 7,412,158 has been reviewed and is
accepted. The terminal disclaimer has been recorded.
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/MELISSA J KOVAL/
Primary Examiner, Art Unit 2862

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20081202
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OTHER DOCUMENTS (Author (Capitalize), Title, Date, Pages, Etc., if known)

Examiner’s Signature: Melissa Koval/ | Date Considered: 06/25/2008

Initial if reference was considered, whether or not citation is in conformance with MPEP. Mark through citation if not considered.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No.: 11/165,992 Confirmaticon No.:3430
Applicant (s) : Hannu Kakkori

Filed: 06/24/2005

Art Unit: 2851

Examiner:

Title: Adaptive Optical Plane Formation With Rolling Shutter

Attorney Docket No.: 877.0006.U1(US)
Customer No.: 29,683

Commissioner For Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Information Disclosure Statement

(37 C.F.R. §1.97(b))

Sir:

The following information is being disclosed to the U.S.
Patent and Trademark Office as information that may be
material to the examination of the above-identified patent

application.

Applicant’s Attorney is aware of the documents listed on the
enclosed Form PTO-1449. Copies of the non-US documents are
enclosed with the Form PT0-1449 for the Examiner’s use. The
documents listed were cited in an International Search
Report issued in the corresponding International Application
(PCT/IB2006/001507) . A copy of the Search Report is
attached.

The filing of this Statement 1is not to be construed as a

representation that a search has been made regarding the
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claimed invention (37 C.F.R. 81.97(g)) or that no other
possible material information exists. In addition, the
filing of this Statement is not to be construed to be an
admission that the information cited in the Statement is, or
is considered to be, material to Patentability (37 C.F.R.
§1.97(h)) .

Respectfully submitted,

MQ;@: fov 4 2o

Gerald J. Stanton (Reg. No. 46,008) Date

Customer No.: 29683
Harrington & Smith, LLP
4 Research Drive
Shelton, CT 06484-6212
203-925-9400

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with
the United States Postal Service as first class mail on the date
shown below in an envelope addressed to: Commissioner for
Patents, P.0O. Box 1450, Alexandria, VA 22313-1450.

[1[O1] ROOG /@0 @me@

pate/ [/ Lisa Mrozek /
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US-5,745,175
US-

04-28-1998

Anderson 348

Page No.: 1 of: 1
INFORMATION DISCLOSURE Docket No.: 877.0006.U1(US) Serial No.: 11/165,992
CITATION FORM FOR
PATENT APPLICATION Applicant(s): Hannu Kakkori
(FORM PTO-1449)
(Substitute) Filing Date: 06/24/200 Group: 286+ 2862
U.S. PATENT DOCUMENTS
Examiner Document Number Publication Date Name of Patentee or Applicant Class Sub-class

Initials (Number-Kind Code) (MM-DD-YYYY)
N US-2004-0217257 Al 11-04-2004 Fiete et al. 250 201.7

FOREIGN PATENT DOCUMENTS

Examiner Document Number Publication Date Name Of Patentee of Applicant Translation?
Initials (Country Code-Number-Kind Code) (MM-DD-YYYY) Yes/No/n/a
MY JP-2003-131115A 05-08-2003 Minolta Co Ltd Abstract

“"“’m% .

—

OTHER DOCUMENTS (Author (capiualize), Title, Date, Pages, Etc., if known)

Examiner’s Signature:

/Melissa Koval/

| Date Considered:

06/25/200

Initial if reference was considered, whether or not citation is in conformance with MPEP. Mark through citation if not considered.

Include a copy of this citation form with your next correspondence to the Applicant(s).

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /MK/
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ;1g599, KAKKORI, HANNU
H“H“ “ m Examiner Art Unit
MELISSA J KOVAL 2862
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
396 65 G|lo]| 3|8 3/00(2006.0101) | H | o | 4 | N 5/225 (2006.01.01)
Glo]| 3|8 7/00 (2006.01.01)
CROSS REFERENCE(S)
Glo]|2]|8 1/06 (2006.01.01)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK) G|o]2]|B 3/12 (2006.01.01)
396 89 335 c|lo]|2|8 13/02 (2006.01.01)
359 666 708 721 c|lo]|2|8 13/18 (2006.01.01)
48 207.99 c|lo]|2|8 3/10 (2006.01.01)
O Claims renumbered in the same order as presented by applicant O CPA X T.D. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17 23 33
5 2 18 34
6 3 19 15 35
7 4 20 24 36
1 5 21 25 37
3 6 22 38
4 7 23 39
9 8 24 40
9 25 41
2 10 16 26 42
8 11 17 27 43
10 12 18 28 44
11 13 19 29 45
12 14 20 30
13 15 21 31
14 16 22 32
NONE
Total Claims Allowed:
25
(Assistant Examiner) (Date)
/MELISSA J KOVAL/
Primary Examiner.Art Unit 2862 12/6/2008 0O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 6
U.S. Patent and Trademark Office Part of Paper No. 20081202
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icable fee(s), to: Mail Mail Stop ISSUE F
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requi(ed% Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) s ing a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications. A =

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of addpéss)

Complete and send this form, together with

Note: A certificate of malhnF can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eaper;. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

29683 7590 12/11/2008
Certificate of Mailing or Transmission
HARRINGTON & SMITH, PC 1 hereby certify that this Fee&_sf) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope

4 RESEARCH DRIVE, Suite 202

SHELTON. CT 06484-6212 addressed to the Mail S(og) ISSUE FEE address above, or being facsimile

transmitted to the USPTO (571) 273-2885, on the date indicated below.

12/24/2008 SSESHER 00000032 501924 11165992 Gail Conway (Depositor's rame)
| ] K
01 FC:1501 1510.00 DA =L Cpyuvoy Sgrature)
;02 FC:1504 300.00 DA Dec N 200%v = (om0
; APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. l CONFIRMATION NO. ]
11/165,992 06/24/2005 Hannu Kakkori 877.0006.U1(US) 3430

TITLE OF INVENTION: ADAPTIVE OPTICAL PLANE FORMATION WITH ROLLING SHUTTER

| APPLN. TYPE ] SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE J
nonprovisional NO $1510 $300 $0 $1810 03/11/2009
I EXAMINER | ART UNIT I CLASS-SUBCLASS I
KOVAL, MELISSA J 2862 396-065000
1. Chan}ge of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list ) ‘ ]
CFR 1.363). (1) the names of up to 3 registered patent attorneys 1Han1nqton & Smlth' PC
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
J4 p
Address form PTO/5B/122) attached. (2) the name of a single firm (having as a member a 2
{J "Fee Address" indication (or "Fee Address" Indication form registered atiorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assil%nee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Nokia Corporation Espoo, Finland

Please check the appropriate assignee category or categories (will not be printed on the patent) : :_. Individual }a Corporation or other private group entity J Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
:@ Issue Fee [ A check is enclosed.
A Publication Fee (No small entity discount permitted) U Payment by credit card. Form PTO-2038 is attached.
(O Advance Order - # of Copies i & The Director is hereby authorized to charge requiteq fee(s), any deficiency, or credit any
: P overpayment, to Deposit Account Number %—?&53 Eenclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Oa Applicant claims SMALL ENTITY stats. See 37 CFR 1.27. Ob. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

e it

pate YD ecetoa=r 17,, ke 2]

Typ‘ed or printed name _J€ Stanton Registration No. _46, 008

This collection of information is required by 37 CFR 1.311, The information is rechired to obtain or retain a benefit b¥ the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will varf\)' de ;nglm% upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S, Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexand%']a, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Authorized Signature -

Canon Ex. 1012
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U%,g&g%é’lg?“l‘gg COMMERCE



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
11/165,992 02/17/2009 7493030 877.0006.U1(US) 3430
29683 7590 01/28/2009

HARRINGTON & SMITH, PC
4 RESEARCH DRIVE, Suite 202
SHELTON, CT 06484-6212

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 484 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Hannu Kakkori, Tampere, FINLAND;

IR103 (Rev. 11/05) ISanor116EGx. :(3;5
age o



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER | PATENT NUMBER | GROUP ART UNIT | FILE WRAPPER LOCATION |

11/165,992 7493030 2862 9200

T

Correspondence Address/Fee Address Change

The following fields have been set to Customer Number 10948 on 11/15/2010
« Correspondence Address
« Power of Attorney Address

The address of record for Customer Number 10948 is:

10948

Harrington & SMith , Attorneys At Law, LLC
4 Research Drive, Suite 202

Shelton, CT 06484

PART 1 - ATTORNEY/APPLICANT COPY
page 1 of 1
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Case 6:22-ov-00186-A0A Document & Fiad 02/16/22 Page 1of L

AQ 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Western District of Texas on the following
(] Trademarks or [ Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:22-cv-00166 2/16/2022 Western District of Texas
PLAINTIFF DEFENDANT

WSOU Investments, LLC d/b/a Brazos Licensing and

Development

Canon Inc. a

nd Canon U.S.A., Inc.

TRIEISSIE/ITR%RN o. %AI;T"]ERCED};EAI:;IFEEIZ HOLDER OF PATENT OR TRADEMARK
1 7,493,030 2/17/2009 WSOU Investments, LLC d/b/a Brazos Licensing and Development
2
3
4
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
] Amendment ] Answer ] Cross Bill (] Other Pleading

TRIEISEIE/ITR?(RNO. %AI;T"]ERCED};EAI:;IFEEIZ HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 4—Case file copy

Copy 3—Upon termination of action, mail this copy to Director
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