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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 si 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 so 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 

lengthfof 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 so is focused. Since the object distance so 

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 

formula: 1  = 
—1

+ 
—1

. For an object located at an infinite distance, so is large and —1 
f so s, s o

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

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

on the sensor 24. The focal length fhas 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, =  
s

'
f 

s, — 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 so. Critical or precise focus may 

be achieved at only one distance so from the lens 20. In Figs. 1-2B, this distance is the 

object distance so. 

[0005] As is evident in Fig. 2B, there is a range of distances (so±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 l 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 so 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 Soinf 

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 behind the lens 20. Because Si! is not equal to siinr, 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. 6,445,415 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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[00 10] 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 

the focal point or length position is controlled in conjunction with a value of a lens 

aperture of the camera lens. The image composition 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. 

[00111 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 s0 in Fig. 5. Objects at the distance so from the optical 

center 32 in front of the lens 20 are along the curved surface 80, and absent aberrations are 

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

distance s,. These curves 80 and 28 are' typically spherical, but their shape depends upon 

the lens curvature. Now, flatten the curve 80 to a plane that is perpendicular to the optical 
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axis 26 at a distance 50, yielding the object plane 60'. For imaging the scene at the object 

plane 6o' at the planar sensor 24, this imposes an additional aberration, because objects 

along the object plane 60' 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 si, 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 "exposure" 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 soi and s02 from the 

lens, and a background at an object distance s03=oo 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, 
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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 movement 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 

SO I - SO2) • 

[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 ao of the scene 36 is at a first object distance 50a from the lens 38, a 

second horizontal swath 130 of the scene 36 is at a second object distance sob, 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,a and a second image distance sib. 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 
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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,a and sia+d. Though the 

sensor surface 40b is flat, movement of the lens 38 creates the effect of a curved sensor 

surface 40a. It 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 is 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 sia, and the 

nearer object (corresponding to the swath b1 of the Fig. 8 image 42) is focused at a longer 

image distance sib. 

[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 Tem, 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 sib, incoming rays from the object b, located at the object 

distance corresponding to that image distance sib 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,b). When the 

lens moves to an image distance sia, incoming rays from the object a, located at the object 

distance corresponding to that image distance sia is in focus at a row of pixels that are 

exposed at that particular time. As the lens 38 moves through position sib, the associated 

line(s) is/are exposed, but exposure does not continue as the lens 38 moves far from that 

position sib. As the lens is in the position s,b, the lines associated with the farther object a, 

are not exposed until the lens 38 is closer to position sia, 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 Figs. 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 sob that corresponds to an 

image distance sib 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 soa that corresponds to 

an image distance s,a for which that object would be focused on that actual sensor surface 

40b, and in Fig. 9, there is an additional swath c, having an object at a distance similar to 

the swath a,,. However, the swath b, lies spatially between the swaths a, and ci 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 sia=sic where a first line of pixels or film is exposed to 

image the swath ci over a time period Texp, moves toward the longer image distance sib 

where exposure of the first line has ceased and a second line of pixels or film is exposed to 

image the swath bi over a similar exposure time, and returns back to the shorter image 

distance sia=sic where a third line of pixels or film is exposed to image the swath ai 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„ ci (two occurrences) and d,. These objects are at object distances soa, sob, 

s, and sod, with matching image distances sia, sib, sic, Sid. As is evident in Fig. 10A, object 

d, is the near foreground and exhibits the shortest object distance; object b1 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 ai. 

[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 sib while exposing the pixels for 

swath 44, regions of that swath 44 that image portions of the sky a, and hills ci 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 minimal time period 

following initiation of lens movement, the lens 38 is at image distance s,a, at which time 

only those pixels within the outline of object ai 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, c, those pixels within the outline of the hills c, are 

exposed, and so forth through the image distances sib and sia, 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 ai, hills ci, and foreground d, are relatively bright while the central object, the 

stuffed animal bi 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 b1 is exposed 

sufficiently so as to exhibit some detail in the resulting image, but where the peripheral but 

bright objects c,, 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 bi may be exposed/integrated over a longer period of time as 

compared to the lighter objects such as the sky hills ci, and foreground di. 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 several 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. 

[006 1 ] 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 thereof, 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 first and 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. 
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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 different 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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PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 

FEE RECORD SHEET 

06/28/2005 EAYALEW1 00000034 11165992 

01 FC:1011 300.00 OP 
02 FC:1111 500.00 OP 
03 FC:1311 200.00 OP 
04 FC:1201 800.00 OP 
05 FC:1202 1250.00 OP 

PTO-1556 
(5/87) 

Gonornitnnt Flirting Me: 2002 — 400.207/00033 
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PTO/58.006 (12-O4) 
Approved for use through 7/31/2006 OMB 0651-0032 

U.S. Patent and Trademark Office. U S. DE PAR 11.€ NT OF COMMERCE 
Under the Papensont Reduction Ad of 1995, no persons are requwed lo respond to a collection of information unless a displays a valid OMB control number. 

PATENT APPUCATION FEE DETERMINATION RECORD 
Substitute for Form PTO-875 Effective December 8. 2004 AP71 6S; 9 c) 

bon or Docket Number 

APPLICATION AS FILED - PART I 
(Colurm 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA 

BASIC FEE 
(37 CFR 1 le()) (b) co (c))

SEARCH FEE 
(37 CFR 1 16(k) 0) or (,1)) 

N/A 

N/A 

N/A 

N/A 

EXAMINATION FEE 
(37 CFR 1 16(o) (p) 0,  (q)) 

N/A N/A 

TOTAL CLAIMS 
(37 CFR 1 16(i)) 4 /(TTuris 20 = 

INDEPENDENT CLAIMS 
(37 CFR 1 16(h)) minus 3 = 

APPLICATION SIZE 
FEE 
(37 CFR 1 16(s)) 

If the specification and drawings exceed 100 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 
additional 50 sheets or fraction thereof. See 
35 U.S.C. 41(a1(1)(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1 16(j)) 

RATE (;) FEE ($) 

N/A 150.00 

N/A  $250 

N/A $100 

XS 25

X100

+180= 

i c (--(3' • II the difference in column 1 is less than zero. enter "0" in column 2. i 3, 9-1 
APPLICATION AS AMENDED - PART II  

- 

(Column 2) (ab, n 3) (Column 1) 

A
M

E
N

D
M

E
N

T
 A

 

. 
CLAIMS 

REMAINING 
AFTER 

AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT 
EXTRA 

Total 
,37 CFR 1.150) 

• Minus "

Independent . 
(37 CFR 1 leo)) 

• Minus .— = 

Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAM (37 CFR 1 160) 

(Column 1) (Column 2) (Column 3) 

A
M

E
N

D
M

E
N

T
 B

 CLAIMS 
REMAINING 

AFTER 
AMENDMENT

Total 
(37 CFR 1.150) 

Minus 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

•• 

PRESENT 
EXTRA 

Independent 
(37 CFR 1.15)1)) 

• Minus ••• 

Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CHUM (37 CFR 1.160) 

SMALL ENTITY 

TOTAL 

SMALL ENTITY 

RATE (5) ADDI-
TIONAL 
FEE (5) 

X$ 25 . 

X100 . 

+180= 

TOTAL 
ADD'L FEE 

RATE (5) ADDI-
TIONAL 
FEE (5) 

XS 25 =

X100 

+180= 

TOTAL 
ADD'L FEE 

OTHER THAN 
OR SMALL ENTITY 

OR 

OR 

OR 

OR 

OR 

RATE (51 FEE (5) 

N/A 300.00 

N/A $500 

N/A $200 

XS50 / 2,5-b 
X200 . WD-

+360. 

TOTAL 

OTHER THAN 
SMALL ENTITY 

RATE (S) I ADDI-
TIONAL 
FEE ($) 

X$50 

X200 

+360= 
TOTAL 

OR ADM_ FEE 

OR 

OR • 

OR 

OR 

RATE ($). ADOI-
TIONAL 

• FEE ($1 

X$50 = 

X200 . 

+360= 

TOTAL, 
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". 

"" If 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 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 fomi 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 Off r, 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-PTO-9199 and select option 2 Canon Ex. 1012
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Pane No.: 1 of: 1 

INFORMATION DISCLOSURE 
CITATION FORM FOR 

PATENT APPLICATION 
(FORM PTO-1449) 

(Substitute) 

Docket No.: 877.0006.U1(US) Serial No.: 

Applicant(s): Hannu Kakkori 

Filing Date: herewith Group: 

U.S. PATENT DOCUMENTS 
Examiner 

Initials 
Document Number 

(Number-Kind Code) 
Publication Date 
(MM-DD-YYYY) 

Name of Patentee or Applicant Class Sub-class 

US-5,282,045 

US-6,369,954 BI 

US-6,445,415 B1 

US-6,567,126 B1 

US-6,783,068 B2 

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

01-25-1994 

04-09-2002 

09-03-2002 

05-20-2003 

08-31-2004 

Mimura et al. 

Berge et al. 

Olsson 

Slatter et al. 

Hecht 

358 

359 

348 

348 

235 

227 

666 

345 

345 

435 

FOREIGN PATENT DOCUMENTS 
Examiner 

Initials 
Document Number 

(Country Code-Number-Kind Code) 
Publication Date 
(MM-DD-YYYY) 

Name Of Patentee of Applicant Translation? 
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). 
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)Amk\1 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 
vrwer.uspto.gov 

APPLICATION NUMBER FILING OR 371 (c) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER 

11/165,992 

29683 
HARRINGTON & SMITH, LLP 
4 RESEARCH DRIVE 
SHELTON, CT 06484-6212 

06/24/2005 Hannu Kakkori 877.0006.U1(US) 

CONFIRMATION NO. 3430 
FORMALITIES 

*OC000000016562634* 

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). 

• 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. 

• 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 

A copy of this notice MUST be returned with the reply. 
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WIAAAAA4 C, 
Office of In' ial Patent Examination (703) 308-1202 

PART 3 - OFFICE COPY 
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'pKe onse To Notice To File Missing Parts Of Application 
;5) Q 91.  8 Filing Date Granted (PTO-1533)(Large Entity) 

Docket No. 

877.0006.U1(US) 

In Re 

17.8 TWO 

A cation Of: Hannu Kakkori 
, 

Application No. 

11/165,992 

Filing Date 

06/24/2005 

Examiner 

Not Yet Assigned 

Customer No. 

29683 

Group Art Unit 

2851 

Confirmation No. 

3430 

Invention: Adaptive Optical Plane Formation With Rolling Shutter 

This is a response to the Notice to File 
July 20. 2005 

Mail Stop Missing Parts 

(PTO-1533) mailed on 

-1533). (REQUIRED) 

information and identifying the 

all inventors and signed by the 
and Filing Date. 

originally filed. It is requested 
States Patent and Trademark 

COMMISSIONER FOR PATENTS: 

Missing Parts of Application - Filing Date Granted 

Parts of Application - Filing Date Granted (PTO

with 37 CFR 1.63, including residence 
Number and Filing Date. 

in compliance with 37 CFR 1.63. 

with 37 CFR 1.63 listing the names of 
application by the above Application Number 

the non-English language application papers as 
copy for examination purposes in the United 

Enclosed 

El 

0 

L--]

0 

0 

El 

Date 

herewith for filing are the following: 

A copy of the Notice to File Missing 

An oath or declaration in compliance 
application by the above Application 

A properly signed oath or declaration 

An oath or declaration in compliance 
omitted inventor(s), identifying this 

A verified English translation of 
that this translation be used as the 
Office. 

Other (list): 

Transmittal of Formal Drawings 

Eight (8) Sheets, Figures 1-11 

[Page 1 of 3] P31 LARGE/REVO5 Canon Ex. 1012
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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. 

11/165,992 

Filing Date 

06/24/2005 

Examiner 

Not Yet Assigned 

Customer No. 

29683 

Group Art Unit 

2851 

Confirmation No. 

3430 

Invention: Adaptive Optical Plane Formation With Rolling Shutter 

TO THE COMMISSIONER FOR PATENTS: 

Mail Stop Missing Parts 

❑O Completion of application fees as calculated below: 

❑ Utility application basic fee 

❑ Design application basic fee 

❑ Search Fee 

❑ Examination Fee 

❑ Total number of independent claims = 

❑ Total number of claims = 

❑ Multiple dependent claims 

0 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 

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

❑ 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. 

❑ One month ❑ Two months ❑ Three months ❑ Four months ❑ Five months 

from: until: 
Date Date 

Total time extension fees 

Total fees due $130.00 
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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. 

11/165,992 

Filing Date 

06/24/2005 

Examiner 

Not Yet Assigned 

Customer No. 

29683 

Group Art Unit 

2851 

Confirmation No. 

3430 

Invention: Adaptive Optical Plane Formation With Rolling Shutter 

The fee of $130.00 

lZI A check in the 

N The Director 
Deposit Account 

LI If an additional 
any additional 

0 Payment by 

WARNING: 
included on 

TO THE COMMISSIONER FOR PATENTS: 

credit any overpayment, to 

and charge 

should not be 
on PTO-2038. 

&.) 6 aOO5-

is to be paid 

amount of the fee 

is hereby authorized 
No. 50-1924 

extension of time 
fees which may be 

credit card. Form PTO

Information on this 
this form. Provide 

Mail Stop Missing Parts 

be required, or 

a petition therefor 
50-1924

card information 

Dated: 

as follows: 

is enclosed. 

to charge any fees which may 

is required, please consider this 
required to Deposit Account 

-2038 is attached. 

form may become public. 
credit card information and 

No. 

Credit 
authorization 

s. ature 

Gerald J. Stanton (Reg. No. 46,008) 
Harrington & Smith, LLP 
4 Research Drive 
Shelton, CT 06484-6212 
Customer No. 29683 

cc: 

I hereby certify that this correspondence 
deposited with the United States 
sufficient postage as first class 
addressed to "Commissioner for Patents, 

xandria, VA 22313-1450" [37 CFR 

/ lecC 

is being 
Postal Service with 

mail in an envelope 
P.O. Box 1450, 

1.8(a)] on 

(Date)

("Dia l‘2 6 / 74
Signature of Person Mailing Correspondence 

Debra Pongetti 
Typed or Printed Name of Person Mailing Correspondence 
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GAP E 
'9

SEP 0 9 2045 6

tr UNITED ST  

MIMI" 

S PATENT AND MADEMARK OFFICE 

Page 1 of 2 

UNITED STATES DEPARTMENT OF CONLMERCE 
United States Patent and Tindemark Office 
Address,: COMMISSIONER FOVPATENTS 

P.O. Box 1450 
Aloxondria, Voginie 22313.1450 
worowspto.gov 

APPLICATION NUMBER FILING OR 371 (c) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER 

11/165,992 06/24/2005 Hannu Kakkori 877.0006.U1(US) 

29683 
HARRINGTON & SMITH, LLP 
4 RESEARCH DRIVE 
SHELTON, CT 06484-6212 

CONFIRMATION NO. 3430 
FORMALITIES LETTER 

IIII 
*OC000000016562634* 

IIIIII' II III III 0111011 1111011 III III 111111111 II 1111 1111 

Date Mailed: 07/20/2005 

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

01 FC:1051 130.00 OP 
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). 

• 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. 

• 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 

A copy of this notice MUST be returned with the reply. JUL 2 2 2006 

HARRINGTON & SMITH, LLP _ _ 
Canon Ex. 1012
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Office of Initia )tent Examination (7 3) 308'-I202 

PART 2 - COPY TO BE RETURNED WITH RESPONSE 
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di ....) 

Sg 

0  %10 t TRANSMITTAL OF FORMAL DRAWINGS 
o 

Docket No. 
877.0006.U1(US) 

ation Of: Hannu Kakkori 

Application No. 

11/165,992 

Filing Date 

06/24/2005 

Examiner 

Not Yet Assigned 

Customer No. 

29683 

Group Art Unit 

2851 

Confirmation No. 

3430 

Invention: Adaptive Optical Plane Formation With Rolling Shutter 

Transmitted herewith are: 

8 sheets of formal drawing(s) 

21 Each sheet of drawing indicates 

4 - .-

Address to: 
Commissioner for Patents 

P.O. Box 1450 
Alexandria, VA 22313-1450 

for this application. 

the identifying indicia suggested in 37 CFR Section 1.84(c). 

Dated: c_o ee,/  c-'05--
Si ature 

Gerald J. Stanton (Reg. No. 46,008) 
Harrington & Smith, LLP 
4 Research Drive 
Shelton, CT 06484-6212 
Customer No. 29683 

I hereby certify 
deposited with 
sufficient postage 
addressed to "Commissioner 

ex ndri , VA 
."7.

that this correspondence is being 
the United States Postal Service with 

as first class mail in an envelope 
for Patents, P.O. Box 1450, 

22313-1450" [37 CFR . 3(a)] on 
io.s" (Date) 

Vi'll 
Signature of Person ailing Correspondence 

Debra Pongetti 

Typed or Printed Name of Person Mailing Correspondence 
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Art Unit No.: 2851 
Customer No.: 29683 

3 
20, / 8

SENSOR Siinf  LENS 22a 
26, 

OPTICAL AXIS 

f 

Si1 

so, 

FIG.3 
PRIOR ART 

SENSOR, 
28 24 

ORIGIN, 

26, 
OPTICAL 

AXIS 

Si 32

ti
30, 

PETZVAL 
SURFACE 

FIG.4 
PRIOR ART 

20 

22b 

Soinf 

FIG.5 
PRIOR ART 60 (58 

Canon Ex. 1012
Page 52 of 168



nieu: JUlle LW-) 

Art Unit No.: 2851 
Customer No.: 29683 
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This Page 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: 

❑ BLACK BORDERS 

❑ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

❑ FADED TEXT OR DRAWING 

❑ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

CI SKEWED/SLANTED IMAGES 

❑ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

❑ GRAY SCALE DOCUMENTS 

❑ LINES OR MARKS ON ORIGINAL DOCUMENT 

❑ 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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E' iq 
0 

o la Corporation Docket No.: NC48724 
.14VraTIAN arrington & Smith, LLP Docket No.: 877.0006.U1(US) 

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) El is attached hereto. 

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

n was described and claimed in PCT International Application Number 
filed on and 

n as amended under PCT Article 19 on (if any) 
and/or n 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 

(Number) 
0 Yes 0 No 

(Country) (Day/Mon/Year Filed) 

1 
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 Hameenpuisto 35 A 30, 33200 Tampere, Finland 

Signature  R. IZ...------------ Date  3 L"-------- 2:1-tty. z__-O 0 c 
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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 

ltl C  C4--
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 

pages of specification 
and/or sequence listing 
and/or table 
Doc Code: Artifact Artifac e Code: S 

content unspecified or combined 
Doc Code: Artifact Artifact Type Code: U 

Artifact Type Code: P 

Stapled Set(s) Color Documents or B/W Photographs 
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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to 
2008

MARK 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application No.: 11/165,992 Confirmation 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 PTO-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 

1 
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claimed invention (37 C.F.R. §1.97(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, 

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.O. Box 1450, Alexandria, VA 22313-1450. 

/1/C,/1/4?006
Date/ / Lisa Mrozek '10 

2 

Canon Ex. 1012
Page 64 of 168



Page No.: 1 of: 1 

INFORMATION DISCLOSURE 
CITATION FORM FOR 
PATENT APPLICATION 

(FORM PTO-1449) 
(Substitute) 

Docket No.: 877.0006.U1(US) Serial No.: 11/165,992 

Applicant(s): Hannu Kakkori 

Filing Date: 06/24/200 Group: 2851 .. 
U.S. PATENT DOCUMENTS 

Examiner 
Initials 

Document Number 
(Number-Kind Code) 

Publication Date 
(MM-DD-YYYY) 

Name of Patentee or Applicant Class Sub-class 

1 

NOV 0 

1.0ADEMPS+

p US-2004-0217257 

ero

A 2006 

Al 

US-5,745,175 

US-

US-

US-

US-

11-04-2004 

04-28-1998 

Fiete et al. 

Anderson 

250 

348 

201.7 

345 

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

FOREIGN PATENT DOCUMENTS 
Examiner 

Initials 
Document Number 

(Country Code-Number-Kind Code) 
Publication Date 
(MM-DD-YYYY) 

Name Of Patentee of Applicant Translation? 
Yes/No/n/a 

JP-2003-131115A 

- - 

- - 

- - 

- - 

- - 
_ - 

05-08-2003 Minolta Co Ltd Abstract 

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). 
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esp@cenet document view Page 1 of 2 

DIGITAL CAMERA 

Publication number: JP2003131115 
Publication date: 2003-05-08 
Inventor: KARASAKI TOSHIHIKO; NOBUYUKI NORIYUKI; 

SHINKAWA KATSUHITO 
Applicant: MINOLTA CO LTD 
Classification: 

- international: G03B7/095; G02B7/28; GO3B13/36; H04N5/232; 
HO4N101/00; G03B7/091; G02B7/28; G03B13/36; 
H04N5/232; (IPC1-7): G02B7/28; G03B7/095; 
G03B13/36; H04N5/232; H04N101/00 

- european: 

Application number: JP20010322700 20011019 
Priority number(s): JP20010322700 20011019 

Report a data error here 

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 
even in the case of photographing an image 
where the objects stand at the long distance 
and the close distance, attaining the focal state 
as a user intends, and then, photographing. 
SOLUTION: When the user depresses the AF 
cursor button of the digital camera, the number 
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 
that several objects corresponding to 
respective AF cursors are not in the depth of 
field, the diaphragm of the photographing lens 
is stopped down, and the depth of field is 
increased. The focusing operation is 
performed while adjusting the depth of field so 
that several objects may be simultaneously 
made in the focused state. 
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06/24/2005 

Title: Adaptive optical plane formation with rolling shutter 

Publication No. US-2006-0291844-Al 
Publication Date: 12/28/2006 

Hannu Kakkori 877.0006.U1(US) 

CONFIRMATION NO. 3430 

NOTICE OF PUBLICATION OF APPLICATION 

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. 

The publication may be accessed through the USPTO's publically available Searchable Databases 
via the Internet at www.uspto.gov. The direct link to access the publication is currently 
http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the 
publication to applicant. A copy of the publication may be obtained from the Office upon payment 
of the appropriate fee set forth in 37 CFR 1.19(a)(1). Orders for copies of patent application 
publications are handled by the USPTO's Office of Public Records. The Office of Public Records 
can be reached by telephone at (703) 308-9726 or (800) 972-6382, by facsimile at (703) 305-8759, 
by mail addressed to the United States Patent and Trademark Office, Office of Public Records, 
Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions 
and the dates of receipt of correspondence filed in the Office, may also be accessed via the 
Internet through the Patent Electronic Business Center at www.uspto.gov using the public side of 
the Patent Application Information and Retrieval (PAIR) system. The direct link to access this 
status information is currently http://pair.uspto.gov/. Prior to publication, such status information is 
confidential and may only be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling 
the Patent Electronic Business Center at 703-305-3028. 

Pre-Grant Publication Division, 703-605-4283 
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Office Action Summary 

Application No. 

11/165,992 

Applicant(s) 

KAKKORI, HANNU 

Examiner 

Melissa J. Koval 

Art Unit 

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 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)0 Responsive to communication(s) filed on 
2a)El This action is FINAL. 2b)E1 This action is non-final. 

3)O 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)E Claim(s) 1-45 is/are pending in the application. 
4a) Of the above claim(s) 1-45 is/are withdrawn from consideration. 

5)0 Claim(s) 

6)❑ Claim(s) 

7)[] Claim(s) 

8)1] Claim(s) 

is/are allowed.' 

is/are rejected. 

is/are objected to. 

are subject to restriction and/or election requirement. 

Application Papers 

9)O The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on   is/are: a)❑ accepted or b)EI 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)C 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)O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)❑ All b)El Some * c)D None of: 

1.0 Certified copies of the priority documents have been received. 

2.O Certified copies of the priority documents have been received in Application No. 

3.O 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) 
2) ❑ Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) ❑ Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date  

4) ❑ Interview Summary (PTO-413) 
Paper No(s)/Mail Date. 

5) ❑ Notice of Informal Patent Application 

6) ❑ Other:  

U S. Patent and Trademark Office 
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20071226 Canon Ex. 1012
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Application/Control Number: 
11/165,992 
Art Unit: 2862 

DETAILED ACTION 

Election/Restrictions 

Page 2 

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

I. 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. 

II. 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 I and II 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 subcombination 

is separately usable. In the instant case, subcombination II 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 has 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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Application/Control Number: 
11/165,992 
Art Unit: 2862 

Page 3 

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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Application/Control Number: 
11/165,992 
Art Unit: 2862 

Page 4 

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. 
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system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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Primary Examiner 
Art Unit 2862 
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MAR 01 10 
IN THE U.S. PATENT AND TRADEMARK OFFICE 

• . No. 11/165,992 
Applicant 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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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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Reply to Office Action of February 14, 2008 

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 one 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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eembine-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 

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. 

17-24.(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 

4 
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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. 

5 
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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) 

6 
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Remarks/Arguments: 

This application was filed with claims 1-45. 

MAR 0 7 1008 

rFeAD ,
The office action dated February 14, 2008 

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: 

Je a Stanton-
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 

March 3, 2008 
Date 

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. 

- 6  e7k 
Date Name of Person Making Deposit 
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Office Action Summary 

Application No. 

11/165,992 

Applicant(s) 

KAKKORI, HANNU 

Examiner 

MELISSA J. KOVAL 

Art Unit 

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)Z Responsive to communication(s) filed on 07 March 2008. 

2a)E This action is FINAL. 2b)Z 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)Z 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)O Claim(s) is/are allowed. 

6)Z Claim(s) 1-16,25-37 and 40 is/are rejected. 

7)O Claim(s) is/are objected to. 

8)❑ Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9)O The specification is objected to by the Examiner. 

10)Z The drawing(s) filed on 24 June 2005 is/are: a)Z accepted or b)O 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)O 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)O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.O Certified copies of the priority documents have been received in Application No. . 

3.O 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) Z Notice of References Cited (PTO-892) 

2) ❑ Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) ❑ Information Disclosure Statement(s) (PTO/SS/08) 
Paper No(s)/Mail Date 

4) ❑ Interview Summary (PTO-413) 
Paper No(s)/Mail Date.

5) ❑ Notice of Informal Patent Application 

6) ❑ Other:

U.S. Patent and Trademark Office 
PT0L-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20080611 
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DETAILED ACTION 

Election/Restrictions 

1. Claims 17-24, 38-39 and 41-45 of group I 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 foreign 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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FIG 
4a 

FIG. 
4b 

FIG. 
4c 

FIG. 
4d 

• • -----

FIG.  
8 4e . .. .... 

......... 

... 

..... 

---------------

•-• 

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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Transport menu .34 are provided for transporting • the 
phobpimiiitthlf ntateria4 r baNntt t€et alipmir# ailt 32 doting. 
an exposure fintervii at a velocity Which €i closely coordinated 
with the sweep rate of the:scanning triltror 3:8,.Careftd correla-
tion between the film transport velocity end the loan rate is 
necessary in order that successively scanned oniect. points are 

6I imaged in the correct adjacent relationship on the phorosensi. 
tive materiaht 27 to cause the image Formed en the photoiersti. 
dye materials 27 to be substantially stationery with respect' 
thereto..Such transport means may include the motor:44 and a 
pair of sprockets 8.6, BBL .mounted on shaft 60 for -engaging 

70 perforations 62 in the photosensithe material 21 to provide a 

driving connectlon Octwee.n the motor 44 and the :pholosensi-
 awn: met,A6.40 

4,-••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••,..1,,,,,,,,,,,,,,,,,,,,,

cor-in i=.€:M, I. the zoom lens is illustrated oonwrislit4 
ward posit€ve element .66, and astIly- vartah€e negative second 
larleat. 6e and an axially variable p,olithe third element 70. 
The forward element 66 i$ illustrated as being fixed in order to. 
iiiustrate that no movement thereof is necessary during expo.. 
awe teaceomplish the :objects. of the invention. However, in. 
practim this. element 66 would be capable ofaxial adjustrunt 
for effecting focus adjustments to actoturn ate objects at di& 
tufa obloct distances. 

An axial cam 72 is provided. €far effectirtg exist movement 
during an exposure interval of-the second. and third lens eie. 
merits 68 and 76. reepti.ltively.. Cam 72 leOludes a first 
ramming slot. 74 for driving a cam follower 76 connected to 
tens support'8 for the negative second element 68. A. tecend 
caroming slot SO drives earn follower B2 connected to a lens. 
El:Ippon for the positive third lens. eletnent 

ire order. that the cam 7.2 may he driven during an exposure 
interval in coordination with the sweep of scanning mirror 31,. 
cant 72 is mounted for rotation about a Sh aft 86 which la 
driven .with an oscillating. motion by a. radial cam 8 on shaft 
46 which engages a transverse arm 96 extending from shaft 
86. By a proper design of the configuration of rstelial cora it6,, 
cam12, and .the ea,rnming slats 74, and 81, the.retative spacing 

); 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. 

shutter. The time daring which each point on. the photosens
tive nattlerialli. is exposed. during a total es,posure interval an. 
cards with the relationship 

T—SIV 5 

Where S slit width and V = velocity' at wItlert the 
photmensitive material 27 is transported relative to the esp-q-
sure slit .32. 

it. is evident that by a proper selection and correlation of the l

rotational speed of the motor: 44, :the seer ratio of the worm 
seers: 48, Oa, the .reiative radii. attic sprockets 56., SO &Ad tine 
shaft tfi Wpm •which they are :mounted, and the factors in.-
yuivtd in the csin drive by :nisi cam g:3 of th.e mirror 38, the 
rate sit which the object 41 is :scanned by the scanning !mirror 
3§ Clay be vary ciostiy coordinated with the velocity at which 
the photosensitive material 27 is transported behind the expo-
sore lilt n, 

it is noted that.a constant sweep rate of the scanning: mirror, 20 
assuming a constant. :velocity of the photosensitive materials 
daring exposure, would prAuce an image 'that-is arnCgted iri-
a.;  toward the extreme& of the fisid.. This sineartri of 
the: hair e is a remit :of the Mel—easing effective sweep :rate 
across :the surface of the photosensitive nutterial 27 at ing.,:ress- 25 
ins off.ae4 scan angles. A comprehensive urider.stattding of 
the sweep velocity characteristic a die scanning mirror 38 
which is necessary to proch  an image without smear is not 
essential. to .the understanding a this invention and, :ac-
cordingly, art in depth analysis of this problem is not thought -30 
to: be appropriate here, H:s wever. it is noted_ that required 
sweep rate :is. to function of the square of the cosine of the in-
stantaneous scan angle. 

hi :accordance with the princ€plus of this :invention,. means 
are provided for altering:the scale of elemental images. formed 35 
successively during en. expOtlite interval such that all pests of 
the total image formed are strhstentiany €ree of.cylimdrical per-
speetive distortion, 

tri order that. the magnification of s.etessswely formed tic-
rnemsi images may he varied as- the object is scaarted, i> .ao- .40
cordance with this invention the usage-;€ez:rmirtg, rnEani :26 is 
vas-Vocal.. A simple, ETTecilarsicaliy compensated thsee.elemeat 
varifocal.zoom lens is depicted la over that the principles of 
the invention may he most dearly explained. is is ie be un-
derstood., hawever, that optically compensated, .rather than 43
mechanically COITEpenutted. zoom systems may also be ern,
played.. In. practice a much more complex. highly corrected 
zoom lens wouid be preferred to the illustrated thret•element 
lets. it is further noted :that a zoom lens employed in ao-

'5C 
cordarice with this invention ntey also be afoul sad used in 

mconk: eg:kinwith a fixed-focus rear element_ . 

5. 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. 

It will he seen fat a study of FIGS. 41a•iti that because of 
the perspective rationship between object and Heger, the 
half-Acid An  JP, along the y-y axis artd aims the X—X 
axis subtended by object strip AB at one extreme of the Bald 
are smatter than for strip CD doses' to the Z—Z axis or Strip EF 
on the axis. CartelpOraillSfy, 031 use OppOlled aide et the Z-2 
axle, the half-field angles arid .4 dezreast to a :minimum at 
the extreme strip U. Hence, to compensate few this OO22dition, 
the separation of Cements 66 and a is varied during: an expo-
sure internl such that all parts of the total image formed have 1
the same sq.,ate. i .eh broken fine path linking Fitt, 4e-44. 
represent the lases of travel through which negative element 
63 may be :r tied to effect an alteration of the is agnineation 
which will accoMplish thii :scale uniformiqt throughout the 
image. 

As is wet kinewo httm II% principles a morn lute tritenve, 
the movement .of the negative second element 68 tOWELItt the: 

positive first tie:Vent 66 to alter the effective foOtai length will 
have the eff5d of causing the coed ptane :to shift in a =niter 

which zany. he described by a seeded order curve. To Compen-
sate for such a shift fM focal Oane, the positive. third cit. 
meat 10 is moved first toward then away from the objectosi 
shower by the broken fine path in Fla 4a1-4e, to :maintain ithe 
focal plane substantially fixed .at a position coincident with the 
plane through which tin photosensitive material 27 is being 
Ara oared.. it is scen from .FIGS. 4a-4e that the strip imago 

3T, F"I', D'C', and S'A' have the SIM. e SC:ale 

and lie itt tine gainte image plane. Thus, by this invention, a 
scanning exposit re system having a tbided Optical path as 
dsatsibed. is rendered capable of forming image& an parts of 
which are substeatiany *et from cylindrical perspective 
distortion and whichare in sharp focus throughout 

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. 

The apparatus of claim 4 isherein said third Melt= 

it  a, digital processor, digital: memory, and. .anP 
nput/output circuit, said processor 'being coupkd to. 
said memory and. inputfotitput circuit through an ad 
drew memory and data bus,. said third !team farther 
hloluding a WICr• input circuit coupled to said mice-nor 
through said ittputtoutput circuit whereby a user may 
prognumnabIy instruct said. processor to generate in-
structions for and coupled. to said printing retina, fist 
me= fo€ moving photosensitive- medium Cathode ray,

tube :and accord means to: expose said photosensitive 
photosensitive; medium and said printing means acoord- 2 
iris to a selected Orie of a plurality of formats. selected 
through said user input circuit in response to uater aoti-
vatiorL., 

Canon Ex. 1012
Page 113 of 168



Application/Control Number: 11/165,992 Page 10 

Art Unit: 2862 

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 Intl 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.' Id. At 1742, 82 USPQ2d at 
1397. The Court also noted that "[c]ommon 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." Id. 

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 Al, 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 re.ethvd for uiCi•ta]1y imaging a scrae 

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 an imaging lens and a digital image: musing 
surface for receiving light through the Iens 

; and 

exposing different portions of the image sensing surface synchronous with 

manipulating the optical relationship." 

changing a focusing of the imaging 'Jens with respect to 
the •digits image sensing surface in correspong.-lence 
with a -variance of a parameter that relates a raptured 
image at; the aensiug surface and another image deriv-
ing from the eaptutat-1tni e. 

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: 

19. A program of machine-readable instraztians, tanibty 
ern1 a on an infonnafion bearing medium Emd exec Lltabi e 
by a data procea..snr,.. to perform mtions directed 
toward changing at optical distance w e i an optcaI lens 
and a. sensing surface, the actions cotnpri g: 

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." 

Sbsz,-ses in bzusizz. s ins witlt respcct -5n a 
senkni, Euriegg *f..a digio;-;] image *pm/Ki.w..= 
w1.11 vs:tismvCii E teletei 
aaptaimd at 4 ssnsins surfaos and 3trirtliC,  dZEire,fiVO 

Mage, 

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." 

26. The pnririn of =Chine readat.,ie instmetiono. of 
Claim 20, wherein cn.rrelating charges M focusing a lens 
comprises electronicaqy changing a. s≥..,ape ce 

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 Al teaches a digital 

photography device having a rolling shutter. 

Wang et al. U.S. Patent Application Publication US 2006/0202038 Al 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/ 
Primary Examiner, Art Unit 2862 

MJK 

MELISSA J KOVAL 
Primary Examiner 
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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) The method of claim 1 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-methed-ofelaim+ 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 surface3-at4east-a-efoss-section-ef-satd-effeetwe.

etweattffe-appfeximating-at-least-a-efeSS-section-ef that approximates a Petzval surface. 

9.(Canceled) 

10.(Currently Amended) The method of claim 1 claim 5, wherein the image sensing 
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surface comprises an array of photosensitive pixels. 

11.(Currently Amended) The method of claim 1 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 of claim 1 , 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 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 

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 

4 
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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 pfegr-am-ef-maehine-Feadable-tnstruc-tiens 

according to claim 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-rnachine-readable-instr-tteti- ens 

according to claim 25 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 pr-egFam-ef--maehine-r-eadable-mstr-uett' ens 

according to claim 27 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-maehine-reaclable-inst-fuetions 

according to claim 25 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 pr-egr-am-ef-maehine-r-eaElalale-fnstr-uetiens 

according to claim 25 claim 35, wherein exposing different portions of the image sensing 
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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 progr-ani-ef-inaehine-roadable-instruetiens 

according to claim 25 claim 35, wherein the image sensing sufface comprises an array of

pixels-for-which the program controls exposure of the photosensitive pixels according to 

rows. 

32.(Currently Amended) The memory of pr-egr-a•^-ef-maehine-r-eadable-instruetions 

according to claim 25 claim 35, wherein the-image-sensing-sur-faee-eomprises-an-afray-of 

pixels-for-whien the program controls exposure of the photosensitive pixels individually. 

33.(Currently Amended) The memory of pnagfan of aohine-readable-instfuetions 

according to claim 25 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, at least a cross section of said effective curvature 

approx-iniating-at-least-a-eress-seetiewef 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, 

The-prograni-of-niaehine-readable-instnietiens-aeoer-ding-te-elann-25, wherein the image 

sensing surface comprises an array of photosensitive pixels. 

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

maintaining the image sensing surface at a variable effective image distance from the lens 
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comprises moving the lens relative to the sensing surface. 

37.(Currently Amended) The pregfam memory of claim 25 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 memory/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). 
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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 Land'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: 

"5ep '8, ae_e_)3 
Jerr tanto   Date 
Reg. No.: 46,008 

Customer No.: 29683 
HARRINGTON & SMITH, PC 
4 Research Drive 
Shelton, CT 06484-6212 

Telephone: (203) 925-9400 ext. 12 
Facsimile: (203) 944-0245 
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. Bo 1450, Alexandria, VA 22313-1450. 

02.A 
of Person M ing Deposit Date 
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A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 
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maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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❑ Issue Fee 

❑ Publication Fee (No small entity discount permitted) 

❑ Advance Order - # of Copies 

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above) 

❑ A check is enclosed. 

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

❑ 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) 

❑ a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. ❑ b. 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 CFR 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 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, 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. 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Canon Ex. 1012
Page 148 of 168



UNITED STA1ES PA 'ENT AND TRADEMARK OFFICE 

OF 

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 DOCKET NO. CONFIRMATION NO. 

11/165,992 

29683 7590 

06/24/2005 

12/11/2008 

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

Hannu Kakkori 877.0006.U1(US) 3430 

EXAMINER 

KOVAL, MELISSA J 

ART UNIT PAPER NUMBER 

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. 

Page 3 of 3 
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Notice of Allowability 

Application No. 

11/165,992 
Examiner 

Applicant(s) 

KAKKORI, HANNU 
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. El This communication is responsive to the Amendment of September 11, 2008  . 

2. [E] 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) ❑ All b) ❑ Some* c) ❑ None of the: 

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 result in 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) 

2. ❑ Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. [E] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 11/6/2006&6/24/2005 

4. ❑ Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

5. ❑ Notice of Informal Patent Application 

6. ❑ Interview Summary (PTO-413), 
Paper No./Mail Date . 

7. ❑ Examiner's Amendment/Comment 

8. ❑ Examiner's Statement of Reasons for Allowance 

1. 9. [E] 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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Examiner 
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Art Unit 

2862 
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0 Objected 
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Search Notes 

Application/Control No. 

11165992 

Applicant(s)/Patent Under 
Reexamination 

KAKKORI, HANNU 

Examiner 

MELISSA J KOVAL 

Art Unit 

2862 

SEARCHED 

Class Subclass Date Examiner 
396 65,89,335,348,351 12/6/2008 MJK 
359 205,212,666,708,721 12/6/2008 MJK 
358 302 12/6/2008 MJK 
348 296,345,349,362,367 12/6/2007 MJK 

SEARCH NOTES 

Search Notes Date Examiner 
EAST (sheets attached include text search strategy) USPGPUB, USPAT, 
USOCR, EPO, JPO, IBM_TDB, Derwent, FPRS 

12/6/2008 MJK 

Inventor search in EAST and PALM 12/7/2008 MJK 

INTERFERENCE SEARCH 

Class Subclass Date Examiner 
396 65,89,335 12/6/2008 MJK 
359 666,708,721 12/6/2008 MJK 
348 207.99 12/6/2008 MJK 
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Page No.: 1 of: 1 

INFORMATION DISCLOSURE 
CITATION FORM FOR 

PATENT APPLICATION 
(FORM PTO-1449) 

(Substitute) 

Docket No.: 877.0006.U1(US) Serial No.: 

Applicant(s): Hannu Kakkori 

Filing Date: herewith Group: 2862 

U.S. PATENT DOCUMENTS 
Examiner 

Initials 

Document Number 

(Number-Kind Code) 

Publication Date 
(MM-DD-YYYY) 

Name of Patentee or Applicant Class Sub-class 

/MK/ US-5,282,045 

US-6,369,954 B1 

US-6,445,415 B1 

US-6,567,126 B1 

US-6,783,068 B2 

US-

S-

US-

US-

US-

US-

US-

US-

US-

US-

US-

01-25-1994 

04-09-2002 

09-03-2002 

05-20-2003 

08-31-2004 

Mimura et al. 

Berge et al. 

Olsson 

Slatter et al. 

Hecht 

358 

359 

348 

348 

235 

227 

666 

345 

345 

435 

FOREIGN PATENT DOCUMENTS 
Examiner 

Initials 

• Document Number 
(Country Code-Number-Kind Code) 

Publication Date 
(MM-DD-YYYY) 

Name Of Patentee of Applicant Translation? 

Yes/No/n/a 

- - 

- - 

- - 

- - 

- 

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

Examiner's Signature: /Melissa Koval/ Date Considered: 06/25/2.008 
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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EAST Search History 

EAST Search History 

i;Ref # Hits Search Query DBs Default Plurals Time Stamp 
Operator 

L1 133 396/65.ccls. US-PGPUB; OR ON 2008/12/07 
USPAT; 07:07 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

L2 1121 396/89.ccls. US-PGPUB; OR ON 2008/12/07 
USPAT; 07:07 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

;L3 278 396/335.ccls. US-PGPUB; OR ON 2008/12/07 
USPAT; 07:07 
USOCR; FPRS; 
EPO; JPO; 
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IBM TDB 

L4 309 359/666.ccls. US-PGPUB; OR ON 2008/12/07 
USPAT; 07:07 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
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USPAT; 07:07 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

306 359/721.ccls. US-PGPUB; OR ON 2008/12/07 
USPAT; 07:07 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

L7 1422 348/207.99.ccls. US-PGPUB; OR ON 2008/12/07 
USPAT; 07:08 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

I 

file:///Cl/Documents%20and%20Settings/mkoval/My%20Do...992/EASTSearchHistory.11165992 AccessibleVersion.htin (1 of 5)12/7/2008 7:16:20 AM 
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USPAT; 07:08 
USOCR; FPRS; 
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;IBM TDB 

L9 310 i396/351.ccls. US PGPUB; OR N 2008/12/07 
USPAT; 07:08 

• USOCR; FPRS; 
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EPO; JPO; 
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I L11 1168 359/ 212.ccls. US- PGPUB; OR ON 2008/12/07 

USPAT; 07:08 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
I BM_TDB 

L12 842 358/302.ccls. US- PGPUB; OR ON 2008/12/07 
USPAT; 07:09 
USOCR; FPRS; 
EPO; JPO; 
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 I BM_TDB  

L13 362 348/ 296.ccls. US- PGPUB; OR ON 2008/12/07 
USPAT; 07:09 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
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USOCR; FPRS; 
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L16 

L18 

686 i348/362.ccls. 

82 348/367.ccls. 

lens$2.clm. and 
(image adj sens$3). 
clm. and distance$1. 
clm. and (exposure$1 
or expos$3).clm. and 
Kakkori.in. 

20 Kakkori.in. 

2 Kakkori.in. and (rolling 
adj shutter) 

S1 4 "7,412,518".pn. 

S2 4 

141 

"7,412,158".pn. 

lens$2.clm. and 
(image adj sens$3). 
clm. and distance$1. 
clm. and (exposure$1 
or expos$3).clm. 

US-PGPUB; OR ON 2008/12/07 
USPAT; 07:09 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
BM TDB 

US-PGPUB; OR ON 2008/12/07 
USPAT; 07:10 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB  

US-PGPUB; OR ON 2008/12/07 
USPAT; 07:12 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

US-PGPUB; OR ON 2008/12/07 
USPAT; 07:12 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

US-PGPUB; OR ON 2008/12/07 
USPAT; 07:12 
USOCR; FPRS; 
EPO; JPO; 
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IBM TDB 

US-PGPUB; OR ON 2008/12/06 
USPAT; 10:14 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

US-PGPUB; OR ON 2008/12/06 
USPAT; 10:14 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

US-PGPUB; OR ON 2008/12/06 
USPAT; 21:57 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 
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35 ((lens$2.clm. and US-PGPUB; OR ON 2008/12/06 
(image adj sens$3). 
clm.) same distance$1. 
clm.) and (exposure$1 
or expos$3).clm. 

USPAT; 
USOCR; FPRS; 
EPO; JPO; 
DERWENT; 

21:58 

IBM TDB 

0 (((lens$2.clm. and US-PGPUB; OR ON 2008/12/06 
(image adj sens$3). 
clm.) same ((spac$3 or 
different) adj distance 

USPAT; 
USOCR; FPRS; 
EPO; JPO; 

21:59 

$1.clm.))) and DERWENT; 
(exposure$1 or expos IBM TDB 
$3).clm. 

5 (((lens$2 and (image US-PGPUB; R ON 2008/12/06 
adj sens$3)) same USPAT; 22:00 
((spac$3 or different) 
adj distance$1))) and 

USOCR; FPRS; 
EPO; JPO; 

(exposure$1 or expos DERWENT; 
$3) IBM TDB 

S7 6 (((lens$2 and (image US-PGPUB; OR ON 2008/12/06 
adj sens$3)) same USPAT; 22:01 
((spac$3 or different) 
adj distance$1))) same 

USOCR; FPRS; 
EPO; JPO; 

(exposure$1 or expos DERWENT; 
$3) IBM TDB 

4 ((different adj effective US-PGPUB; OR ON 2008/12/06 
$2) adj (image adj 
distanc$3)) 

USPAT; 
USOCR; FPRS; 

22:08 

EPO; JPO; 
DERWENT; 
IBM TDB 

12 ("20030142877" US-PGPUB; OR ON 2008/12/06 
"20050001924" USPAT; USOCR 22:10 
"20050088538"
"20050179809"
"20070201858"
"4592638" 
"5282045" 
"5771408" 
"6369954" 
"6445415" 
"6567126" 
"6783068").PN. OR 
("7412158"). URPN. 

S10 7 S7 or S8 and petzval US-PGPUB; OR ON 2008/12/06 
USPAT; USOCR 22:12 

;511 0 ((lens adj synchronous US-PGPUB; OR ON 2008/12/06 
$2) adj expos$3) and USPAT; USOCR 22:15 
(variabl$2 adj (effective 
$2 adj distance$1)) 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application No.: 11/165,992 Confirmation 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 PTO-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 

1 

Canon Ex. 1012
Page 161 of 168



e ' 11165992 - GAU: 

claimed invention (37 C.F.R. §1.97(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, 

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.O. Box 1450, Alexandria, VA 22313-1450. 

/1/,/j/4?006
Date/ / Lisa Mrozek -1/2

2 
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Page No.: 1 of: 1 

INFORMATION DISCLOSURE 
CITATION FORM FOR 
PATENT APPLICATION 

(FORM PTO-1449) 
(Substitute) 

Docket No.: 877.0006.U1(US) Serial No.: 11/165,992 

Applicant(s): Hannu Kakkori 

Filing Date: 06/24/200 Group: 2.8.5-1- 2 8 62 .. 
U.S. PATENT DOCUMENTS 

Examiner 
Initials 

Document Number 
(Number-Kind Code) 

Publication Date 
(MM-DD-YYYY) 

Name of Patentee or Applicant Class Sub-class 

lM 1 
1 

Nuna.OO- 

p US-2004-0217257 

4

6 

Al 

US-5,745,175 

US-

us-

us-

11-04-2004 

04-28-1998 

Fiete et al. 

Anderson 

250 

348 

201.7 

345 

uS-
us-
us-
us-
us-
us-
us-

us-
us-

FOREIGN PATENT DOCUMENTS 
Examiner 

Initials 
Document Number 

(Country Code-Number-Kind Code) 
Publication Date 
(MM-DD-YYYY) 

Name Of Patentee of Applicant Translation? 
Yes/No/n/a 

/MK/ JP-2003-131115A 

- - 

- - 

- - 

_ - 

05-08-2003 Minolta Co Ltd Abstract 

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. 

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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il l il il lIIII IIII II 

Classification 
Application/Control No. 

11165992 

Applicant(s)/Patent Under Reexamination 

KAKKORI, HANNU 

Examiner 

MELISSA J KOVAL 

Art Unit 

2862 

ORIGINAL INTERNATIONAL CLASSIFICATION 

CLASS SUBCLASS CLAIMED NON-CLAIMED 

396 65 G 0 3 B 3/ 00 (2006.01.01) H 0 4 N 5/ 225 (2006.01.01) 

CROSS REFERENCE(S) 
G 0 3 B 7/ 00 (2006.01.01) 

G 0 2 B 1/ 06 (2006.01.01) 

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK) G 0 2 B 3 / 12 (2006.01.01) 

396 89 335 G 0 2 B 13 / 02 (2006.01.01) 

359 666 708 721 G 0 2 B 13 / 18 (2006.01.01) 

348 207.99 G 0 2 B 3 / 10 (2006.01.01) 

M Claims renumbered in the same order as presented by applicant M CPA J T.D. • 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 

(Assistant Examiner) (Date) 

Total Claims Allowed: 

25 

/MELISSA J KOVAL/ 
Primary Examiner.Art Unit 2862 

(Primary Examiner) 

12/6/2008 

(Date) 

O.G. Print Claim(s) 

1 

O.G. Print Figure 

6 
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ART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with 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 required). Blocks I 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. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of add • ss) 

29683 7590 12/11/2008 

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

12/24/2008 SSESHE2 00000032 501924 11165992 

01 FC:1501 1510.00 DA 
02 FC:1504 300.00 DA 

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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
1 hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

Gail Conway 

Dec. ti,7vocr 

(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 

TITLE OF INVENTION: ADAPTIVE OPTICAL PLANE FORMATION WITH ROLLING SHUTTER 

877.0006. Ul(US) 3430 

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

nonprovisional NO $1510 $300 

EXAMINER ART UNIT CLASS-SUBCLASS 

KOVAL, MELISSA J 2862 396-065000 

$0 $1810 03/11/2009 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1363). 

❑ Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

❑ "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

2. For printing on the patent front page, list 
(1) the names of up to 3 registered patent attorneys 'Harrington & Smith, PC 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

2 

3 

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 

Nokia Corporation 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Espoo, Finland 

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

4a. The following fee(s) are submitted: 

-Ud Issue Fee 

a Publication Fee (No small entity discount permitted) 

❑ Advance Order - # of Copies 

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above) 
❑ A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 
®The Director is hereby authorized to charge ,the resittjceci fee(s), any deficiency, or credit any 

overpayment, to Deposit Account Number  I 44  (enclose an extra copy of this form). 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR I.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 State  t and Trademark Office. 

Authorized Signature Date  \)ec_e--,._ko . 4- 1 2c,>. ir3 

Typed or printed name  JeYry Stanton  Registration No.  46,008

This collection of information is required by 37 CFR 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 govemed 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.U. • 
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. 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IES PA IENT AND TRADEMARK OFFICE 

most 

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 

29683 7590 

02/17/2009 

01/28/2009 

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

7493030 877.0006.U1 (US) 3430 

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) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

m. 

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

P.O. Box 1450 
Akxandria, Virg[Ilia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT FILE WRAPPER LOCATION 

11/165,992 7493030 2862 9200 

1111111111111111111111114411111 MU I0111111111111111111111 

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-00166-ADA Document 5 Filed 02/16/22 Page 1 of 1 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

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 

E Trademarks or y Patents. ( E the patent action involves 35 U.S.C. § 292.): 

on the following 

DOCKET NO. 
6:22-cv-00166 

DATE FILED 
2/16/2022 

U.S. DISTRICT COURT 
Western District of Texas 

PLAINTIFF 

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

DEFENDANT 

Canon Inc. and Canon U.S.A., Inc. 

PATENT OR 
TRADEMARK NO. 

DATE OF PATENT 
OR TRADEMARK 

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 

PATENT OR 
TRADEMARK NO. 

DATE OF PATENT 
OR TRADEMARK 

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 3—Upon termination 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 
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