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[0001] 

METHOD AND APPARATUS TO CORRECT DIGITAL 
IMAGE BLUR BY COMBINING MULTIPLE IMAGES 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. Patent Application No. 

14/532,654, filed on November 4, 2014, which is a continuation of U.S. Patent 

Application No. 13/442,370, filed on April 9, 2012, which issued as U.S. Patent No. 

8,922,663 on December 30, 2014, which is a continuation of U.S. Patent Application 

Serial No. 12/274,032, filed on November 19, 2008, which issued as U.S. Patent No. 

8,154,607 on April 10, 2012, which is a continuation of U.S. Patent Application 

Serial No. 11/089,081, filed on March 24, 2005, which issued as U.S. Patent No. 

8,331,723 on December 11, 2012, which claims the benefit of U.S. Provisional 

Application Serial No. 60/556,230, filed on March 25, 2004, the contents of each of 

which are incorporated by reference herein. 

FIELD OF INVENTION 

[0002] The present invention generally relates to digital image processing. 

More specifically, this invention relates to processing of digitized image data in 

order to correct for image distortion caused by relative motion between the imaging 

device and the subject at the time of image capture, or by optical distortion from 

other sources. 

BACKGROUND 

[0003] When capturing images, as with a camera, it is desirable to capture 

images without unwanted distortion. In general, sources of unwanted distortion can 

be characterized as equipment errors and user errors. Examples of common 

equipment errors include inadequate or flawed optical equipment, and undesirable 

characteristics of the film or other recording media. Using equipment and media of 

a quality that is suitable for a particular photograph can help mitigate the problems 
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associated with the equipment and the recording medium, but in spite of this, image 

distortion due to equipment errors can still appear. 

[0004] Another source of image distortion is user error. Examples of common 

user errors include poor image processing, and relative motion between the imaging 

device and the subject of the image. For example, one common problem that 

significantly degrades the quality of a photograph is the blur that results from 

camera movement (i.e. shaking) at the time the photograph is taken. This can be 

difficult to avoid, especially when a slow shutter speed is used, such as in low light 

conditions, or when a large depth of field is needed and the lens aperture is small. 

Similarly, if the subject being photographed is moving, use of a slow shutter speed 

can also result in image blur. 

[0005] There are currently many image processing techniques that are used 

to improve the quality, or "correctness," of a photograph. These techniques are 

applied to the image either at the time it is captured by a camera, or later when it is 

post-processed. This is true for both traditional "hardcopy" photographs that are 

chemically recorded on film, and for digital photographs that are captured as digital 

data, for example using a charged couple device (CCD) or a CMOS sensor. Also, 

hardcopy photographs can be scanned and converted into digital data, and are 

thereby able to benefit from the same digital signal processing techniques as digital 

photographs. 

[0006] Commonly used post-processing techniques for digitally correcting 

blurred images typically involve techniques that seek to increase the sharpness or 

contrast of the image. This can give the mistaken impression that the blur is 

remedied. However, in reality, this process causes loss of data from the original 

image, and also alters the nature of the photograph. Thus, current techniques for 

increasing the sharpness of an image do not really "correct" the blur that results 

from relative motion between a camera and a subject being photographed. In fact, 

the data loss from increasing the sharpness can result in a less accurate image than 

the original. Therefore, a different method that actually corrects the blur is 
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desirable. 

[0007] In the prior art, electro-mechanical devices for correcting image blur 

due to camera motion are built into some high quality lenses, variously called 

"image stabilization", "vibration reduction", or similar names by camera/lens 

manufacturers. These devices seek to compensate for the camera/lens movement by 

moving one or more of the lens elements; hence countering the effect of the motion. 

Adding such a device to a lens typically makes the lens much more expensive, 

heavier and less sturdy, and can also compromise image quality. 

[0008] Accordingly, it is desirable to have a technique that corrects for 

distortion in photographs without adding excessively to the price, robustness or 

weight of a camera or other imaging device, or adversely affecting image quality. 

SUMMARY 

[0009] The present invention processes image data in order to correct an 

image for distortion caused by imager movement or by movement of the subject 

being imaged. In another embodiment, the present invention can prevent image 

distortion due to motion of the imaging device or subject at relatively slow shutter 

speeds, resulting in a substantially undistorted image. 

[0010] In another embodiment, the present invention measures relative 

motion between the imaging device and the subject by using sensors that detect the 

motion. When an image is initially captured, the effect of relative motion between 

the imaging device and the subject is that it transforms the "true image" into a 

blurred image, according to a 2-dimensional transfer function defined by the 

motion. The invention determines a transfer function that represents the motion 

and corrects the blur. 

[0011] In yet another embodiment, the transfer function is estimated using 

blind detection techniques. The transfer function is then inverted, and the inverted 

function is implemented in an image correcting filter that essentially reverses the 

blurring effect of the motion on the image. The image is processed through the 
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filter, wherein blur due to the motion is reversed, and the true image is recovered. 

[0012] In yet another embodiment, the invention uses the transfer function to 

combine consecutive images taken at a fast shutter speed to avoid blur due to 

motion between camera and subject that could result from using a slow shutter 

speed. In still another embodiment, the image sensor is moved to counter camera 

motion while the image is being captured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 is a portion of memory having memory locations wherein 

elements of a recorded image are stored. 

[0014] Figure 2 is a portion of memory having memory locations wherein 

elements of a deconvolution filter are stored. 

[0015] Figure 3 is a portion of memory having memory locations wherein the 

recorded image is stored for calculating the next value of a corrected image. 

[0016] Figure 4 is a functional block diagram of a system for correcting an 

image for distortion using a transfer function representing the distortion, wherein 

the transfer function is derived from measurements of the motion that caused the 

distortion. 

[0017] Figure 5 is a functional block diagram of a system for correcting an 

image for distortion using a transfer function representing the distortion, wherein 

the transfer function is derived using blind estimation techniques. 

[0018] Figure 6 shows a unit for iterative calculation of the corrective filter 

coefficients and estimation of the correct image data. 

[0019] Figure 7 illustrates support regions of an image r(n,m) and of a 

transfer function h(n,m), and the transfer function h(n,m) being applied to different 

parts of the image r(n,m). 

[0020] Figure 8 shows a unit for blind deconvolution to calculate the correct 

image data. 

[0021] Figure 9 is an image of an object being captured on an image sensor 
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wherein pixel values represent points of the image. 

[0022] Figure 10 illustrates the effect of moving an imager while capturing an 

image, resulting in multiple copies of the image being recorded over each other, 

causing blur. 

[0023] Figure 11 illustrates combining images taken at fast shutter speeds to 

result in the equivalent of a final image taken at a slower shutter speed, but with 

reduced blur. 

[0024] Figure 12 illustrates image blur correction where an image sensor is 

moved to compensate for imager movement. 

[0025] Figure 13 is an example of an image distorted by movement of the 

imager when the image was captured. 

[0026] Figure 14 is represents the image of Figure 13 corrected according to 

the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] The present invention will be described with reference to the figures 

wherein like numerals represent like elements throughout. Although the invention 

is explained hereinafter as a method of correcting for image distortion due to the 

shaking of a camera when a picture is taken, similar distortions can also be caused 

by other types of imaging equipment and by imperfections in photo processing 

equipment, movement of the subject being photographed, and other sources. The 

present invention can be applied to correct for these types of distortions as well. 

Additionally, although reference is made throughout the specification to a camera 

as the exemplary imaging device, the present invention is not limited to such a 

device. As aforementioned, the teachings of the present invention may be applied to 

any type of imaging device, as well as image post-processing techniques. 

[0028] Capturing and recording a photograph, for example by a camera, 

involves gathering the light reflected or emanating from a subject, passing it 

through an optical system, such as a series of lenses, and directing it onto a light 
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sensitive recording medium. A typical recording medium in traditional analog 

photography is a film that is coated with light sensitive material. During processing 

of the exposed film, the image is fixed and recorded. In digital cameras, the 

recording medium is typically a dense arrangement of light sensors, such as a 

Charge-Coupled Device (CCD) or a CMOS sensor. 

[0029] The recording medium continuously captures the impression of the 

light that falls upon it as long as the camera shutter is open. Therefore, if the 

camera and the subject are moving with respect to each other (such as in the case 

when the user is unsteady and is shaking the camera, or when the subject is 

moving), the recorded image becomes blurred. To reduce this effect, a fast shutter 

speed can be used, thereby reducing the amount of motion occurring while the 

shutter is open. However, this reduces the amount of light from the subject 

captured on the recording medium, which can adversely affect image quality. In 

addition, increasing the shutter speed beyond a certain point is not always 

practical. Therefore, undesired motion blur occurs in many pictures taken by both 

amateur and professional photographers. 

[0030] The nature of the blur is that the light reflected from a reference point 

on the subject does not fall on a single point on the recording medium, but rather it 

'travels' across the recording medium. Thus a spread-out, or smudged, 

representation of the reference point is recorded. 

[0031] Generally, all points of the subject move together, and the optics of the 

camera and the recording medium also move together. For example, in the case of a 

photograph of a moving car, wherein an image of the car is blurred due to uniform 

motion of all parts of the car. In other words, the image falling on the recording 

medium 'travels' uniformly across the recording medium, and all points of the 

subject blur in the same manner. 

[0032] The nature of the blur resulting from uniform relative motion can be 

expressed mathematically. In a 2-dimensional space with discrete coordinate 

indices 'n' and 'm', the undistorted image of the subject can be represented by 
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s(n,m), and a transfer function h(n,m) can be used to represent the blur. Note that 

h(n,m) describes the way the image 'travels' on the recording medium while it is 

captured. The resulting image that is recorded, r(n,m), is given by: 

r(n,m) = s(n,m) * *h(n,m); Equation (1) 

where ** represents 2-dimensional convolution. The mathematical operation of 

convolution is well known to those skilled in the art and describes the operation: 

r(n,m)= L Lh(i,j)s(n-i,m- j). Equation (2) 
i=-00 J=-00 

[0033] In the sum operations m Equation (2), the summation limits are 

infinite. In practice, the summations are not infinite, since the support region of the 

transfer function is finite. In other words, the region where the function is non-zero 

is limited by the time the camera shutter is open and the amount of motion. 

Therefore, the summation is calculated for only the indices of the transfer function 

where the function itself is non-zero, for example, from i= -N ... N andj= -M ... M. 

[0034] If the transfer function h(n,m) is known, or its estimate is available, 

the blur that it represents can be "undone" or compensated for in a processor or in a 

computer program, and a corrected image can be obtained, as follows. Represent 

the "reverse" of the transfer function h(n,m) as h-1(n,m) such that: 

h(n,m)**h-1(n,m) = 5(n,m); Equation (3) 

where 5(n,m) is the 2-dimensional Dirac delta function, which is: 

{
1 if n = m = 0 

5(n,m) = . 
0 otherwise 

Equation ( 4) 
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[0035] The delta function has the property that when convolved with another 

function, it does not change the nature of that function. Therefore, once h(n,m) and 

hence h-1(n,m) are known, an image r(n,m) can be put through a correcting filter, 

called a "deconvolution filter", which implements the inverse transfer function 

w(n,m) = h-1(n,m) and undoes the effect of blur. Then: 

r(n,m) * *w(n,m) = r(n,m) * *h-1(n,m) 

= s(n, m) * *h(n, m) * *h-1 (n, m) 

= s(n,m) * *5(n,m) 

= s(n,m); 

Equation (5) 

and the correct image data s(n,m) is recovered. 

[0036] The deconvolution filter in this example is such that: 

L Iw(i,j)h(n-i,m- j)= . . 
N M {I if n = m = 0 

i~-NJ~-M O otherwise 
Equation (6) 

Because of the property that the deconvolution operation forces the output of the 

convolution to be zero for all but one index, this method is called the "zero-forcing 

algorithm". The zero-forcing algorithm itself is but one method that can be used, 

but there are others possible also, such as the least mean-square algorithm 

described in more detail below. 

[0037] In order to define a deconvolution filter, the transfer function h(n,m) 

representing the relative motion between the imager and the subject must be 

derived from measuring the motion, or alternatively by using blind estimation 

techniques. The inverse function h-1(n,m) must then be calculated and incorporated 

in a filter to recover a corrected image s(n,m). It is possible to determine h(n,m) 

using sensors that detect motion, and record it at the time the image is captured. 
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[0038] One embodiment of the present invention includes one or more motion 

sensors, attached to or included within the imager body, the lens, or otherwise 

configured to sense any motion of the imager while an image is being captured, and 

to record this information. Such sensors are currently commercially available 

which are able to capture movement in a single dimension, and progress is being 

made to improve their accuracy, cost, and characteristics. To capture motion in two 

dimensions, two sensors may be used, each capable of detecting motion in a single 

direction. Alternatively, a sensor able to detect motion in more than one dimension 

can be used. 

[0039] The convolution in Equation (5) can be performed usmg memory 

elements, by performing an element-by-element multiplication and summation over 

the support region of the transfer function. The recorded image is stored, at least 

temporarily, in memory elements forming a matrix of values such as shown in 

Figure 1. Similarly, the deconvolution filter w(n,m) is stored in another memory 

location as shown in Figure 2. The deconvolution operation is then performed by 

multiplying the values in the appropriate memory locations on an element-by­

element basis, such as multiplying r(n,m) and w(O,O); r(n-1,m) and w(l,O), and so on, 

and summing them all up. 

[0040] 

convolution: 

Element-by-element multiplication and summmg results m the 

N M 

y(n,m) = L L w(i,j)r(n -i,m - j). Equation (7) 
i~-NJ~-M 

To calculate the next element, y(n+ 1,m) for example, the deconvolution filter w(n,m) 

multiplies the shifted memory locations, such as shown in Figure 3, followed by the 

summation. Note that the memory locations do not need to be shifted in practice; 

rather, the pointers indicating the memory locations would move. In Figure 1 and 

Figure 3 portions of r(n,m) are shown that would be included in the element-by-
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element multiplication and summation, and this portion is the same size as w(n,m). 

However, it should be understood that r(n,m), that is the whole image, is typically 

much larger than the support region of w(n,m). To determine value of the 

convolution for different points, an appropriate portion of r(n,m) would be included 

in the calculations. 

[0041] The filter defined by Equation (5) is ideal in the sense that it 

reconstructs the corrected image from the blurred image with no data loss. A first 

embodiment calculates the inverse of h(n,m) where h(n,m) is known. As explained 

above, by making use of motion detecting devices, such as accelerometers, the 

motion of the imager (such as a camera and/or the associated lens) can be recorded 

while the picture is being captured, and the motion defines the transfer function 

describing this motion. 

[0042] A functional block diagram of this embodiment in accordance with the 

present invention is illustrated in Figure 4, wherein a method 40 for correcting 

image distortion is shown. An image r(n,m) from camera optics is captured by an 

imager (step 41) and recorded in memory (step 42). Simultaneously, motion sensors 

detect and record camera motion (step 43) that occurs while the shutter of the 

camera is open. The transfer function representing the motion h(n,m) is derived 

(step 44), and the inverse transfer function h-1(n,m) is determined (step 46). The 

inverse transfer function is applied in a corrective filter (step 48) to the image, 

which outputs a corrected image s(n,m) (step 49). 

[0043] In this and other embodiments that make use of motion sensors to 

represent the imager's movement, derivation of the transfer function from motion 

information (step 44) takes into account the configuration of the imager and the 

lens also. For an imager that is a digital camera, for example, the focal length of the 

lens factors into the way the motion of the imager affects the final image. Therefore 

the configuration of the imager is part of the derivation of h(n,m). This is important 

especially for imagers with varying configurations, such as digital cameras with 

interchangeable lenses. 
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[0044] In this first embodiment of the invention, an iterative procedure is 

used to compute the inverse transfer function from h(n,m). The approximate 
~ 1 

inverse transfer function at iteration k is denoted as h; (n,m). At this iteration, 

output of the deconvolution filter is: 

Yk(n,m) = iz;1(n,m) **r(n,m) 

= I "[);1(i, j)r(n - i, m - j). 
Equation (8) 

i j 

[0045] The filter output can be written as the sum of the ideal term and the 

estimation noise as: 

Yk (n, m) = h-1 (n, m) * *r(n, m) + (iz;1 (n, m )- h-1 (n, m) )* *r(n, m) 

= s(n,m) + vk(n,m); 
Equation (9) 

where v(n,m) is the estimation noise which is desirable to eliminate. An initial 

estimate of the correct image can be written as: 

Equation (10) 

[0046] However, this estimate can in general be iteratively improved. There 

are a number of currently known techniques described in estimation theory to 

achieve this. A preferable option is the Least Mean-Square (LMS) algorithm. A 

block diagram of a calculation unit 60 which implements this method is shown in 

Figure 6. 

[004 7] As an initial state, iz-1o(n,m)issettoequalµr(n,m). Then, the following 

steps are iteratively repeated: 

[0048] Step 1, an estimate of the correct image 1s calculated m a first 2-

dimensional finite impulse response (2D FIR) filter 62: 
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[0049] Step 2, a received signal based on the estimated correct image 1s 

calculated in a second 2D FIR filter 64: 

~(n,m) = sk (n,m) * *h(n,m); 

and the estimation error is calculated using an adder 66: 

ek(n,m) = rk(n,m)-~(n,m). 

[0050] Step 3, the inverse transfer function coefficients are then updated in 

the LMS algorithm unit 68: 
~ -1 ~ -1 
hk+l (n,m) = hk (n,m) + µr(n,m)ek (n,m); 

where µ is the step-size parameter. 

[0051] These steps are repeated until the estimation error becomes small 

enough to be acceptable; which value can be predetermined or may be set by a user. 

As the iterative algorithm converges, the estimated inverse transfer function 

approaches the correct inverse transfer function h-1(n,m). The inverse transfer 

function coefficients are the coefficients of the deconvolution filter, and the estimate 

s(n,m) converges to s(n,m), the correct image, at the same time. 

[0052] This process can be repeated for the entire image, but it is less 

complex, and therefore preferable, to find the inverse filter first over a single 

transfer function support region, then apply it to the entire image r(n,m). 

[0053] While the above Steps 1-3 are being repeated, a different portion of the 

recorded image r(n,m) can be used in each iteration. As in Figure 7, it should be 

noted that the recorded image r(n,m) typically has a much larger support region 

than the transfer function h(n,m) that represents the camera motion. Therefore, 

the above steps are preferably performed over a support region of h(n,m), and not 

over the entire image r(n,m), for each iteration. 

[0054] Although the present invention has been explained with reference to 

the LMS algorithm, this is by way of example and not by way of limitation. It 

should be clear to those skilled in the art that there are other iterative algorithms 
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beside the LMS algorithm that can be used to achieve acceptable results, and also 

that there are equivalent frequency domain derivations of these algorithms. For 

example, it is possible to write Equation (1) in frequency domain as: 

Equation (11) 

where R(wi,w2), S(wi,w2), and H(wi,w2) are the frequency domain representations 

(Fourier Transforms) of the captured image, the correct image, and the transfer 

function, respectively, and therefore: 

Equation (12) 

[0055] To obtain s(n,m) one would calculate S(wi,w2 )as above and take the 

Inverse Fourier Transform, which should be known to those skilled in the art. 

However, this method does not always lead to well behaved solutions, especially 

when numerical precision is limited. 

[0056] In a second embodiment of the present invention, h(n,m) is not known. 

This second embodiment uses so-called blind deconvolution, whereby the transfer 

function h(n,m) is estimated using signal processing techniques. A functional block 

diagram of this embodiment is illustrated in Figure 5, wherein a method 50 for 

correcting image distortion according to this embodiment is shown. An image 

r(n,m) from the optics from a camera is captured (step 51) and recorded in memory 

(step 52). Unlike the first embodiment, there are no motion sensors to detect and 

record camera motion that occurs while the shutter of the camera is open. Instead, 

the transfer function representing the motion h(n,m) is derived using blind 

estimation techniques (step 54), and the inverse transfer function h-1(n,m) is 

determined (step 56). The inverse transfer function is applied in a corrective filter 

to the image (step 58), which outputs a corrected image s(n,m) (step 59). 
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[0057] Blind equalization techniques are used to obtain the deconvolution 

filter coefficients. This is also an iterative LMS algorithm, similar to that used in 

the first embodiment. In this second embodiment, an iterative procedure is also 

used to compute an approximate deconvolution filter, and the approximation is 

improved at each iteration until it substantially converges to the ideal solution. As 

aforementioned with respect to the first embodiment, the level of convergence may 

be predetermined or may be set by a user. The approximate deconvolution filter is 

denoted at iteration k as wk(n,m). At this iteration, the output of the deconvolution 

filter is: 

Yk (n, m) = wk (n,m) * *r(n, m) 

= IIwk(i,j)r(n-i,m- j); Equation (13) 

[0058] The filter output can be written as the sum of the ideal term and the 

estimation noise as: 

yk(n,m) = w(n,m) * *r(n,m) + [wk(n,m)-w(n,m)]* *r(n,m) 

= s(n,m) + vk(n,m); 
Equation (14) 

where v(n,m) is the estimation noise, which is desirable to eliminate. An initial 

estimate of the correct image can be written as: 

Equation (15) 

[0059] However, this estimate can be iteratively improved. There are a 

number of currently known techniques described in estimation theory to achieve 

this. A preferable option is the LMS algorithm. A block diagram of a calculation 

unit 80 which implements this method is shown in Figure 8. 
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[0060] As an initial state, k 1o(n,m)issetequaltoµr(n,m). Then, the following 

steps are iteratively repeated: 

[0061] 

filter 82: 

[0062] 

Step 1, an estimate of the correct image is calculated in a first 2D FIR 

Step 2, a received signal based on the estimated correct image 1s 

calculated in a non-linear estimator 84: 

and the estimation error is calculated using an adder 86: 

ek(n,m) = rk(n,m)-~(n,m). 

[0063] Step 3, the inverse transfer function coefficients are then updated in 

the LMS algorithm unit 88: 

where µ is the step-size parameter. 

[0064] The function g(.) calculated in step 2 is a non-linear function chosen to 

yield a Bayes estimate of the image data. Since this function is not central to the 

present invention and is well known to those of skill in the art, it will not be 

described in detail hereinafter. 

[0065] There are known blind detection algorithms for calculating s(n,m) by 

looking at higher order statistics of the image data r(n,m). A group of algorithms 

under this category are called Bussgang algorithms. There are also variations called 

Sato algorithms, and Godard algorithms. Another class of blind estimation 

algorithms use spectral properties (polyspectra) of the image data to deduce 

information about h(n,m). Any appropriate blind estimation algorithm can be used 

to determine h(n,m), and to construct a correcting filter. 

[0066] The first two embodiments of the present invention described 

hereinbefore correct blur in an image based on determining a transfer function that 

represents the motion of an imager while an image is being captured, and then 
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correcting for the blur by making use of the "inverse" transfer function. One method 

determines the transfer function at the time the photograph is being captured by 

using devices that can detect camera motion directly. The other method generates a 

transfer function after the image is captured by using blind estimation techniques. 

Both methods then post-process the digital image to correct for blur. In both cases, 

the captured image is originally blurred by motion, and the blur is then removed. 

[0067] In accordance with a third embodiment of the present invention the 

blurring of an image is prevented as it's being captured, as described below. When 

an imager is moved while an image is being captured, multiple copies of the same 

image are, in effect, recorded over each other. For example, when an image is 

captured digitally it is represented as pixel values in the sensor points of the image 

sensor. This is pictorially represented in Figure 9, in which the imager (for example, 

a camera and its associated lens) are not shown in order to simplify the depiction. 

[0068] If the imager is shaken or moved while the image is being captured, 

the situation is equivalent to copies of the same image being captured multiple 

times in an overlapping fashion with an offset. The result is a blurred image. This is 

particularly true if the shutter speed is relatively slow compared to the motion of 

the camera. This is graphically illustrated in Figure 10. 

[0069] When the shutter speed is sufficiently fast compared to the motion of 

the imager, blur does not occur or is very limited because the displacement of the 

imager is not large enough to cause the light reflected from a point on the image to 

fall onto more than one point on the image sensor. This third embodiment of the 

invention takes advantage of the ability of an imager to record multiple images 

using fast shutter speeds. When an image is being captured using a setting of a 

relatively slow shutter speed, the imager actually operates at a higher shutter 

speed (for instance at the fastest shutter speed at which the imager is designed to 

operate), and captures multiple images "back to back." For example, if the 

photograph is being taken with a shutter speed setting of 1/125 sec and the fastest 

shutter speed of the camera is 1/1000 sec, the camera actually captures 8 
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consecutive images, each taken with a shutter speed setting of 1/1000 sec. Then, the 

camera combines the images into a single image by aligning them such that each 

pixel corresponding to the same image point in each image is combined pixel-by­

pixel into one pixel value by adding pixel values, averaging them, or using any other 

appropriate operation to combine them. The multiple images can all be stored and 

aligned once all of them are captured, or alternatively, each image can be aligned 

and combined with the first image in "real time" without the need to store all 

images individually. The blur of the resulting image is substantially reduced, as 

depicted in Figure 11. 

[0070] The quality of an image can be measured in terms of signal-to-noise 

power ratio (SNR). When a fast shutter speed is used, the SNR of the image is 

degraded because the image sensor operates less effectively when the amount of 

light falling on it is reduced. However, since multiple images are being added, this 

degradation is overcome. Indeed, an SNR improvement can be expected using this 

embodiment, because the image data is being added coherently while the noise is 

being added non-coherently. This phenomenon is the basis for such concepts as 

maximal ratio combining (MRC). 

[0071] To determine how to align the pixel values, a device that can detect 

motion, such as an accelerometer or other motion sensor, is attached to or 

incorporated within the imager, and it records the motion of the imager while the 

photograph is being taken. The detected motion indicates how much the imager 

moved while each of the series of images was captured, each image having been 

captured back-to-back with a high shutter speed as explained in the example above. 

The imager moves each of the images in the series by an amount which is 

preferably measured in pixels, in the direction opposite the motion of the imager 

that occurred during the interval between the capture of the first image and each 

respective image in the series. Thus, the shift of each image is compensated for, and 

the correct pixels are aligned in each of the images. This is illustrated in Figure 11. 

The combined image will not be blurred since there is no spilling of image points 
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into more than one pixel in the combined final image. 

[0072] As an alternative to the third embodiment, the reference point for 

aligning the higher speed images is not the imager location, but the subject itself. In 

other words, higher shutter speed images can be aligned and combined such that a 

designated subject in a field of view is clear and sharp whereas other parts of the 

image may be blurred. For example, a moving subject such as a car in motion can be 

the designated subject. If high shutter speed images are combined such that the 

points of the image of the moving car are aligned, the image of the car will be clear 

and sharp, while the background is blurred. As a way to align a designated subject, 

such as the car in this example, pattern recognition and segmentation algorithms 

may be used that are well known to those skilled in the art, and defined in current 

literature. Alternatively, a tracking signal that is transmitted from the subject can 

be used to convey its position. Alternatively, the user can indicate, such as by an 

indicator in a viewfinder, which object in the field of view is the designated subject 

to be kept blur-free. 

[0073] A fourth embodiment of the invention compensates for movement of 

the imager or the subject by adjusting the position of the image sensor during image 

capture, according to the inverse of the transfer function describing the imager or 

subject motion, or both. This embodiment is illustrated in Figure 12. This 

embodiment is preferably used in digital cameras wherein the image sensor 108 is a 

relatively small component and can be moved independently of the camera, but can 

also be used with film. Accordingly, this embodiment makes use of motion sensors, 

and detects the movement of the camera and/or the subject while the image is being 

captured. The signals from the motion sensors are used to control devices that 

adjust the position of the image sensor. In Figure 12, horizontal motion sensor 102 

and vertical motion sensor 104 measure movement of the camera while its shutter 

(not shown) is open and an image is being captured. The motion information is 

conveyed to a controller 106, which determines and sends signals to devices 110a, 

110b, 110c, and 110d, which adjust the position of the image sensor 108. The 
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control mechanism is such that the devices ll0a-d, for example electromagnets or 

servos, move the image sensor 108 in the opposite direction of the camera motion to 

prevent motion blur. Additional sensors (not shown) can be used to detect motion of 

the subject, and the control mechanism configured to correct for that motion as well. 

[007 4] Figure 13 shows an example of a photographic image that is blurred 

due to user movement of the imager while taking the picture. Figure 14 shows the 

same image, corrected according to the present invention. The invention 

substantially recovers the correct image from the blurred image. 

[0075] Those skilled in the art will recognize that all embodiments of the 

invention are applicable to digitized images which are blurred by uniform motion, 

regardless of the source of the image or the source of the motion blur. It is 

applicable to digital images blurred due to motion of the imager, of the subject, or 

both. In some cases, it is also applicable to images captured on film and then 

scanned into digital files. In the latter case, however, motion sensor information 

typically may not be available, and therefore only the blind estimation embodiment 

can be used. Also, where appropriate, the different embodiments of the invention 

can be combined. For example, the superposition embodiment can be used to avoid 

most blur, and the correcting filter using blind estimation embodiment can then be 

applied to correct the combined image for any remaining blur. 

[0076] In describing the invention, no distinction has been made between an 

imager that captures images one at a time, such as a digital camera, and one that 

captures sequence of images, such as digital or analog video recorders. A digital 

video recorder or similar device operates substantially the same way as a digital 

camera, with the addition of video compression techniques to reduce the amount of 

image data being stored, and various filtering operations used to improve image 

quality. The invention is also applicable to digital and analog video capture and 

processing, being applied to each image in the sequence of images, and can be used 

in conjunction with compression and other filtering. 

[0077] The implementation of the apparatus that performs the restoration of 
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the images to their correct form can be done as part of the imager capturing the 

image, or it can be done as a post-process. When done as part of the imager, the 

image correcting apparatus can be implemented in an integrated circuit, or in 

software to run on a processor, or a combination of the two. When done as a post 

process, a preferred embodiment is that the image data is input into a post 

processmg device such as a computer, and the blind estimation algorithm is 

performed by a computer program. In this embodiment, the implementation could 

be a dedicated computer program, or an add-on function to an existing computer 

program. 

[0078] Where a computer program performs the image restoration, a blind 

estimation algorithm can be executed by the program to calculate the estimated 

transfer function h(n,m). Alternatively, motion information can be recorded by the 

camera at the time the image is captured, and can be downloaded into the program 

to be used as an input to calculate h(n,m). In either case, the program then derives 

the correcting filter and applies the filter to correct the image. 

[0079] It should also be noted that if there are multiple blurred objects in an 

image, and the blur is caused by the objects moving in different directions, the 

image of each object will be blurred differently, each blurred object having a 

different transfer function describing its motion. The present invention can allow 

the user to individually select independently blurred parts of the image and 

individually correct only the selected parts, or alternatively, to correct a selected 

part of the image at the expense of the rest of the image, resulting in a blur­

corrected subject and a blurred background. 

[0080] When increased accuracy is needed in obtaining h(n,m), those skilled 

in the art will recognize that, in some cases, the motion information from sensors 

can be used to calculate h(n,m), and an estimate of h(n,m) can also be calculated by 

blind estimation and the two transfer functions can be advantageously combined for 

more accurate results. 

[0081] There are other signal processing algorithms and digital filters which 
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can be applied to digital images in order to improve their color saturation, reduce 

noise, adjust contrast and sharpness, etc. These can be incorporated as part of an 

imager, such as a digital camera, or as part of a post-processing application, such as 

a photo editing software running on a computer. It should be clear to those skilled 

in the art that those techniques can be applied in addition to the distortion 

correction of this invention. 

* * * 

-21-

3631437-1 



OZL-PT00l.13 

CLAIMS 

What is claimed is: 

1. A method for use in a device that includes a memory and a processor, 

compnsmg: 

storing, at a memory, a plurality of sequential videos; 

detecting, by a processor, a main subject in each of the plurality of videos, 

wherein the main subject is the same in the sequential videos; 

aligning, by the processor, each of the videos such that the main subject is 

placed at a same location in sequential videos; and 

combining, by the processor, the aligned videos to obtain a final video. 

2. The method of claim 1, wherein the plurality of sequential videos are 

captured consecutively. 

3. The method of claim 1, wherein the detecting the mam subject 1s 

performed using a pattern recognition technique. 

4. The method of claim 1, wherein the detecting the mam subject 1s 

performed using an image segmentation technique. 

5. The method of claim 1, wherein the detecting the location of the main 

subject is performed based on input from a user. 

6. A computing device, comprising: 

a memory configured to store a plurality of sequential videos; 

a processor configured: 

to detect a main subject in each of the videos, wherein the main subject 

is the same in the sequential videos; 
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to align each of the videos such that the main subject is placed at a 

same location in each of the sequential videos; and 

to combine the aligned videos to obtain a final video. 

7. The computing device of claim 6, wherein the videos are captured 

consecutively. 

8. The computing device of claim 6, wherein the processor is configured to 

detect the main subject using a pattern recognition technique. 

9. The computing device of claim 6, wherein the processor is configured to 

detect the main subject using an image segmentation technique. 

10. The computing device of claim 6, wherein the processor is configured to 

detect the main subject based on input from a user. 

11. A method for use in a device that includes a memory and a processor, 

compnsmg: 

storing, at a memory, a plurality of sequential images, wherein the images 

are part of a plurality of sequential videos; 

detecting, by a processor, a main subject in each of the plurality of images, 

wherein the main subject is the same in the sequential images; 

aligning, by the processor, each of the images such that the main subject is 

placed at a same location in sequential images; and 

combining, by the processor, the aligned images to obtain a final video. 

12. The method of claim 11, wherein the plurality of sequential videos are 

captured consecutively. 
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13. The method of claim 11, wherein the detecting the mam subject 1s 

performed using a pattern recognition technique. 

14. The method of claim 11, wherein the detecting the mam subject 1s 

performed using an image segmentation technique. 

15. The method of claim 11, wherein the detecting the location of the main 

subject is performed based on input from a user. 

16. A computing device, comprising: 

a memory configured to store a plurality of sequential images, wherein the 

sequential images are part of a plurality of sequential videos; 

a processor configured: 

to detect a main subject in each of the images, wherein the mam 

subject is the same in the sequential images; 

to align each of the images such that the main subject is placed at a 

same location in each of the sequential images; and 

to combine the aligned images to obtain a final video. 

17. The computing device of claim 16, wherein the videos are captured 

consecutively. 

18. The computing device of claim 16, wherein the processor is configured 

to detect the main subject using a pattern recognition technique. 

19. The computing device of claim 16, wherein the processor is configured 

to detect the main subject using an image segmentation technique. 
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20. The computing device of claim 16, wherein the processor is configured 

to detect the main subject based on input from a user. 
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ABSTRACT 

Signal processing techniques are applied to digital image data to remove the 

distortion caused by motion of the camera, or the movement of the subject being 

photographed, or defective optics, or optical distortion from other sources. When the 

image is captured, the effect of relative motion between the camera and the subject 

is that it transforms the true image into a blurred image according to a 2-

dimensional transfer function. The 2-dimensional transfer function representing the 

motion is derived using blind estimation techniques or by using information from 

sensors that detect the motion. The transfer function is inverted and used to define 

a corrective filter. The filter is applied to the image and the blur due to the motion 

is removed, restoring the correct image. Another embodiment uses the transfer 

function to avoid blur by combining multiple consecutive images taken at a fast 

shutter speed. 
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because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. Pl Original Application (Track One) - Prioritized Examination under§ 1.102(e)(1) 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 

II. 

inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

0 Request for Continued Examination - Prioritized Examination under§ 1.102(e)(2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Siqnature/Thomas A. Mattioli/ DateApril 20, 2015 

~p~~~Typed) Thomas A. Mattioli Practitioner 56 773 
Reqistration Number ' 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiole forms if more than one sianature is reauired. * 

E] *Total of 
1 

forms are submitted. 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority of 
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U .S.C. 122(b) or issuance of a patent pursuant to 35 U .S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in which the proceedings were terminated and which 
application is referenced by either a published application, an application open to public inspection or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number OZL-PT001.13 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD AND APPARATUS TO CORRECT DIGITAL IMAGE BLUR BY COMBINING MULTIPLE IMAGES 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2 
D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 

37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Fatih M. Ozluturk 

Residence Information (Select One) (!) US Residency 0 Non US Residency 0 Active US Military Service 

City Port Washington I State/Province I NY I Country of Residence i I US 

Mailing Address of Inventor: 

Address 1 5 Hilldale Lane 

Address 2 

City I Sands Point I State/Province I NY 

Postal Code I 11050 I Country i 1 us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 03624 

Email Address eoffice@vklaw.com I I Add Email I !Remove Emaill 

Application Information: 

Title of the Invention METHOD AND APPARATUS TO CORRECT DIGITAL IMAGE BLUR BY COMBINING MULTIPLE 
IMAGES 

Attorney Docket Number OZL-PT001.13 I Small Entity Status Claimed ~ 
Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 9 I Suggested Figure for Publication (if any) I 4 

Filing By Reference: 

EFS Web 2.2.11 
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Attorney Docket Number OZL-PT001.13 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD AND APPARATUS TO CORRECT DIGITAL IMAGE BLUR BY COMBINING MULTIPLE IMAGES 

Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country i-
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

D 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: 0 Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 03624 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 11 g(e), 120, 121, or 365(c) or indicate National Stage 
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required 
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the application number blank. 

Prior Application Status Pending I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

Continuation of 14532654 2014-11-04 

Prior Application Status Patented I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

14532654 Continuation of 13442370 2012-04-09 8922663 2014-12-30 

Prior Application Status Patented I Remove I 
EFS Web 2.2.11 
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Application Number 

Title of Invention METHOD AND APPARATUS TO CORRECT DIGITAL IMAGE BLUR BY COMBINING MULTIPLE IMAGES 

Application Prior Application Filing Date Issue Date 
Number 

Continuity Type 
Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

13442370 Continuation of 12274032 2008-11-19 8154607 2012-04-10 

Prior Application Status Patented I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

12274032 Continuation of 11089081 2005-03-24 8331723 2012-12-11 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

11089081 Claims benefit of provisional 60556230 2004-03-25 

Additional Domestic Benefit/National Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (POX) ithe information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the lime period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 

Application Number Country i Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1. 78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Web 2.2.11 
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Application Number 

Title of Invention METHOD AND APPARATUS TO CORRECT DIGITAL IMAGE BLUR BY COMBINING MULTIPLE IMAGES 

Authorization to Permit Access: 

~ Authorization to Permit Access to the Instant Application by the Participating Offices 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date offiling this Authorization. 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 
0 Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. 10 Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor : I 

If the Applicant is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

EFS Web 2.2.11 
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Application Number 

Title of Invention METHOD AND APPARATUS TO CORRECT DIGITAL IMAGE BLUR BY COMBINING MULTIPLE IMAGES 

Mailing Address Information: 

Address 1 

Address 2 

City State/Province 

Country ii Postal Code 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Tille 37 of CFR to 
have an assignment recorded by the Office. 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Country i I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 
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Application Number 
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Signature: Remove 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certifications 

Signature /Thomas A. Mattioli/ Date (YYYY-MM-DD) 2015-04-20 

First Name Thomas A. I Last Name I Mattioli Registration Number 56773 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P .L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to 
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection 
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is 
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not 
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) 
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine 
whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or 
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an 
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of 
the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in 
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, 
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security 
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, 
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records 
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the 
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan 
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were 
terminated and which application is referenced by either a published application, an application open to public inspections or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the 
USPTO becomes aware of a violation or potential violation of law or regulation. 
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Date Mailed: 05/05/2015 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
Fatih M. Ozluturk, Port Washington, NY; 

Applicant( s) 
Fatih M. Ozluturk, Port Washington, NY; 

Power of Attorney: The patent practitioners associated with Customer Number 03624 

Domestic Priority data as claimed by applicant 
This application is a CON of 14/532,654 11/04/2014 PAT 9013587 
which is a CON of 13/442,370 04/09/2012 PAT 8922663 
which is a CON of 12/274,032 11/19/2008 PAT 8154607 
which is a CON of 11/089,081 03/24/2005 PAT 8331723 
which claims benefit of 60/556,230 03/25/2004 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices 
(PTO/SB/39 or its equivalent) has been received by the USPTO. 

If Required, Foreign Filing License Granted: 04/29/2015 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 14/690,818 
Projected Publication Date: Perfected 
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Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
Title 

METHOD AND APPARATUS TO CORRECT DIGITAL IMAGE BLUR BY COMBINING MULTIPLE 
IMAGES 

Preliminary Class 

396 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Date Mailed: 05/12/2015 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
Fatih M. Ozluturk, Port Washington, NY; 

Applicant( s) 
Fatih M. Ozluturk, Port Washington, NY; 

Power of Attorney: The patent practitioners associated with Customer Number 03624 

Domestic Priority data as claimed by applicant 
This application is a CON of 14/532,654 11/04/2014 PAT 9013587 
which is a CON of 13/442,370 04/09/2012 PAT 8922663 
which is a CON of 12/274,032 11/19/2008 PAT 8154607 
which is a CON of 11/089,081 03/24/2005 PAT 8331723 
which claims benefit of 60/556,230 03/25/2004 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices 
(PTO/SB/39 or its equivalent) has been received by the USPTO. 

If Required, Foreign Filing License Granted: 04/29/2015 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 14/690,818 
Projected Publication Date: 08/20/2015 
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Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
Title 

METHOD AND APPARATUS TO CORRECT DIGITAL IMAGE BLUR BY COMBINING MULTIPLE 
IMAGES 

Preliminary Class 

396 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
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1. The present application is being examined under the pre-AIA first to invent 

provisions. 
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2. 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 double 

patenting rejection is appropriate where the claims at issue 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 Langi, 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 reference 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. A terminal 

disclaimer must be signed in compliance with 37 CFR 1.321 (b). 
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The USPTO internet Web site contains terminal disclaimer forms which may be 

used. Please visit http://www.uspto.gov/forms/. The filing date of the application will 

determine what form should be used. A web-based eTerminal Disclaimer may be filled 

out completely online using web-screens. An eTerminal Disclaimer that meets all 

requirements is auto-processed and approved immediately upon submission. For more 

information about eTerminal Disclaimers, refer to 

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

Claims 1-20 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-30 of U.S. Patent No. 9,013,587. Although the claims at 

issue are not identical, they are not patentably distinct from each other because claims 

1-20 are obvious variants and encompassed by claims 1-30 of Patent'587. 

US Patent 9,013,587 B2 

1. A method comprising: displaying an 
image in a viewfinder; designating, 
by a processor, a main subject in the 
image in the viewfinder; capturing a 
plurality of photographic images in a 
recording medium, wherein the plurality 
of photographic images include the 
designated main subject; and combining 
the plurality of photographic images to 
generate a corrected image, wherein the 
combining includes determining, for each 
image point in the main subject of the 
corrected image, a pixel value based on 
pixel values in the plurality of 
photographic images at the image point. 

2. The method of claim 1, wherein 
designating the main subject is based on 

Application 14/690,818 

1. A method for use in a device that 
includes a memory and a processor, 
comprising: storing, at a memory, a 
plurality of sequential videos; detecting, by 
a processor, a main subject in each of the 
plurality of videos, wherein the main 
subject is the same in the sequential 
videos; aligning, by the processor, each of 
the videos such that the main subject is 
placed at a same location in sequential 
videos; and combining, by the processor, 
the aligned videos to obtain a final video. 

2. The method of claim 1, wherein the 
plurality of sequential videos are 
captured consecutively. 
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image segmentation or pattern 
recognition techniques. 

3. The method of claim 1, further 
comprising indicating the designated 
main subject in the viewfinder. 

4. The method of claim 1, wherein the 
combining includes shifting the 
plurality of photographic images such that 
the designated main subject is 
aligned in a same location in each of the 
plurality of photographic images. 

5. The method of claim 1, wherein the 
combining comprises determining 
pixel values for only a portion of the main 
subject. 

6. The method of claim 1, wherein 
combining the plurality of photographic 
images to generate a corrected image is 
performed by combining sequential 
images. 

7. The method of claim 1, wherein the 
combining further comprises determining, 
for each image point not in the main 
subject of the corrected image, a pixel 
value based on pixel values in the 
plurality of photographic images at the 
image point. 

8. A method comprising: displaying an 
image in a viewfinder; receiving 
user input, by the viewfinder, designating 
a main subject in the image; 
capturing a plurality of photographic 
images at a recording medium, wherein 
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3. The method of claim 1, wherein the 
detecting the main subject is 
performed using a pattern recognition 
technique. 

5. The method of claim 1, wherein the 
detecting the location of the main 
subject is performed based on input from a 
user. 

4. The method of claim 1, wherein the 
detecting the main subject is 
performed using an image segmentation 
technique. 

Claims 1, 2, 3, 5, and 4. 
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the plurality of photographic images 
include the designated main subject; and 
combining, by a processor, the plurality of 
photographic images to generate a 
corrected image, wherein the combining 
includes determining, for each image 
point in the main subject of the corrected 
image, a pixel value based on pixel 
values in the plurality of photographic 
images at the image point. 

9. The method of claim 8, wherein the 
viewfinder receives the user input 
based on a selection of an indicator in the 
viewfinder. 

10. The method of claim 8, wherein 
the processor indicates the main 
subject by an indicator in the viewfinder 
based on the received user input. 

11. The method of claim 8, wherein 
the combining comprises shifting the 
plurality of images such that the main 
subject is aligned in a same location in 
the plurality of images. 

12. The method of claim 8, wherein 
the combining comprises determining 
pixel values for only a portion of the main 
subject. 

13. The method of claim 8, wherein 
combining the plurality of photographic 
images to generate a corrected image is 
performed by combining sequential 
images. 

14. The method of claim 8, wherein 
the combining further comprises 
determining, for each image point not in 
the main subject of the corrected 
image, a pixel value based on pixel 
values in the plurality of photographic 

Page 5 
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images at each said image point. 

15. An apparatus comprising: a Claims 1, 2, 3, 5 and 4 
viewfinder configured to display an image; 
a processor configured to designate a 
main subject in the image in the 
viewfinder; a recording medium 
configured to capture a plurality of 
photographic images, wherein the 
plurality of images includes the 
designated 
main subject; and a processor configured 
to combine the plurality of 
photographic images to generate a 
corrected image, wherein the processor 
determines, for each image point in the 
main subject of the corrected image, a 
pixel value for the image point based on 
pixel values in the plurality of 
photographic images at the image point. 

16. The apparatus of claim 15, 
wherein the processor is configured to 
designate the main subject using image 
segmentation or pattern recognition 
techniques. 

17. The apparatus of claim 15, 
wherein the processor is further 
configured to indicate the main subject by 
an indicator in the viewfinder. 

18. The apparatus of claim 15, 
wherein the processor is configured to 
designate more than one designated 
main subject in the plurality of 
photographic images. 

19. The apparatus of claim 15, 
wherein the processor is configured to 
shift the plurality of photographic images 
such that the main subject is 
aligned in a same location in the plurality 
of photographic images. 

Page 6 
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20. The apparatus of claim 15, 
wherein the combined plurality of 
photographic images determines pixel 
values for only a portion of the main 
subject. 

21. The apparatus of claim 15, 
wherein the combined plurality of 
photographic images are sequential 
images. 

22. The apparatus of claim 15, 
wherein the processor is further 
configured to determine, for each image 
point not in the main subject of the 
corrected image, a pixel value based on 
pixel values in the plurality of 
photographic images at the image point. 

23. Apparatus including a viewfinder Claims 1, 3, 5 and 4 
configured to display an image; a 
processor configured to receive user input 
that designates a main subject in 
the image in the viewfinder; a recording 
medium configured to capture a plurality 
of photographic images, wherein the 
plurality of photographic images 
includes the designated main subject; 
and the processor further configured to 
combine the plurality of photographic 
images to generate a corrected image, 
wherein processor determines for each 
image point in the main subject of the 
corrected image, a pixel value based on 
pixel values in the plurality of 
photographic images at the image point. 

24. The apparatus of claim 23 wherein 
viewfinder is further configured to 
receive an indicator designating the main 
subject and transmit the user input 
to the processor. 

Page 7 
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25. The apparatus of claim 23, 
wherein processor is further configured to 
indicate the main subject by an indicator 
in the viewfinder. 

26. The apparatus of claim 23, 
wherein the processor is configured to 
receive user inputs that designate more 
than one designated main subject in the 
plurality of photographic images. 

27. The apparatus of claim 23, 
wherein the processor is configured to 
shift the plurality of photographic images 
such that the main subject is 
aligned in a same location in the plurality 
of photographic images. 

28. The apparatus of claim 23, 
wherein the combined plurality of 
photographic images determines pixel 
values for only a portion of the main 
subject. 

29. The apparatus of claim 23, 
wherein the combined plurality of 
photographic images are sequential 
images. 

30. The apparatus of claim 23, 
wherein the processor is further 
configured to determine, for each image 
point not in the main subject of the 
corrected image, a pixel value based on 
pixel values in the plurality of 
photographic images at the image point. 

Page 8 
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Claims 6-10, 11-15 and 16-20 correspond to claims 1-5 and analyzed the same 

as previously discussed with respect to claims 1-5. 

3. The following is a quotation of the appropriate paragraphs of pre-AIA 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. 

Claims 1, 2, 4-7, 9-12, 14-17 and 19-20 are rejected under pre-AIA 35 U.S.C. 

102(b) as being anticipated by Kina et al (US 5,889,553). 

With regard to claim 1, Kina et al discloses in Figs. 1-9, an image pickup 

apparatus that comprises the method for use in a device that includes a memory and a 

processor (memories 6a and 6B, col. 5, line 17 and processing part 7, col. 5, line 18), 

comprising: storing, at a memory, a plurality of sequential videos (video signals, col. 5, 

line 15); detecting, by a processor (processing part 7), a main subject in each of the 

plurality of videos (a main subject is aimed by a user when vide images are taken), 

wherein the main subject is the same in the sequential videos (video signals are taken 

in sequence, col. 5, lines 35-37, col. 6, lines 46-64); aligning, by the processor, each of 

the videos such that the main subject is placed at a same location in sequential videos; 

and combining, by the processor, the aligned videos to obtain a final video (higer 

resolution video signals are obtained, col. 6, lines 46+). 
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With regard to claim 2, Kina et al discloses in Figs. 1-7, an image pickup 
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apparatus that comprises the plurality of sequential videos are captured consecutively 

(video signals ae captured consecutively, col. 5, lines 35+). 

With regard to claim 4, Kina et al discloses in Figs. 1-7, an image pickup 

apparatus that comprises the detecting the main subject is performed using an image 

segmentation technique (pixel shift, col. 6, lines 35+). 

With regard to claim 5, Kina et al discloses in Figs. 1-7, an image pickup 

apparatus that comprises the detecting the location of the main subject is performed 

based on input from a user (a user uses a monitor or view finder when the user aims a 

subject). 

Claims 6-7, 9-10, 11-12, 14-15 and 16-17, 19-20 correspond to claims 1-2 and 4-

5 and are analyzed the same as previously discussed with respect to claims 1-2 and 4-

5. 

4. The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. 

Liu et al (US 8,228,400) discloses a sequence of images is combined in an 

integration process. 

5. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Tuan Ho whose telephone number is (571) 272-7365. 

The examiner can normally be reached on Mon-Fri 7:00AM-4:00PM. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Sinh Tran can be reached on (571) 272-7564. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

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. 

/Tuan V Ho/ 

Primary Examiner, Art Unit 2622 
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Amendments to the Claims: 

Applicant: Fatih M. Ozluturk 
Application No.: 14/690,818 

This listing of the claims will replace all prior versions of the claims in the 

application: 

1. (Currently Amended) A method for use in a device that includes a lens, 

an image sensor, a viewfinder, a memory, one or more motion sensors, and a 

processor, comprising: 

capturing by the image sensor a video and storing the video in the[[,]] at----a 

memory, a plurality of sequential videos; 

while capturing the video, detecting by one or more motion sensors a motion 

information representing the motion of the device, and storing the motion 

information in the memory: 

deteeting, by a pr0eessor, a main subjeet in eaeh of the plurality of videos, 

wherein the main subjeet is the same in the sequential videos; 

aligning calculating, by the processor, a correcting filter to counteract the 

motion of the device based in part on the motion information: eaeh of the videos 

sueh that the main subjeet is plaeed at a same loeation in sequential videos; and 

eombining modifying the video, by the processor, the aligned videos according 

to the correcting filter to obtain a final video: and 

displaying the final video in the viewfinder. 

2-5. (Canceled). 

6. (Currently Amended) A computing device, comprising: 

a camera including a lens and an image sensor configured to capture a video: 

one or more motion sensors configured to record a motion information 

- 2 -
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representing motion of the device while the video is being captured: 

a memory configured to store a plurality of sequential videos the video and to 

store the motion information; 

a processor configured: 

to calculate a correcting filter to counteract motion of the device based 

in part on the motion information: and 

to detect a main subject in each of the videos, ·.vherein the main subject 

is the same in the sequential videos; 

to align each of the videos modify the video according to the correcting 

filter to generate a corrected video such that the main subject is placed at a 

same location in each of the sequential videos motion of the device is 

counteracted in the corrected video; and 

to combine the aligned videos to obtain a final video 

a viewfinder configured to display the corrected video. 

7-10. (Canceled). 

11. (Currently Amended) A method for use in a device that includes a lens, 

an image sensor, a viewfinder, a memory, one or more motion sensors, and a 

processor, comprising: 

storing, at a memory capturing by the image sensor, a plurality of sequential 

images, wherein the images are form part of a video, and storing the sequential 

images in the memory plurality of sequential videos; 

while capturing the images, detecting by one or more motion sensors a 

motion information representing the motion of the device, and storing the motion 

information in the memory: 

detecting, by a pr0cessor, a main subject in each of the plurality of images, 

wherein the main subject is the same in the sequential images; 
- 3 -
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aligning calculating, by the processor, a correcting filter for each of the 

images sueh that the main subjeet is plaeed at a same loeation to counteract the 

motion of the device in sequential images; arul 

eombining modifying the sequential images, by the processor, the aligned 

images according to the correcting filter to obtain a final video; and 

displaying the final video in the viewfinder. 

12-15. (Canceled). 

16. (Currently Amended) A computing device, comprising: 

[[A]] a camera including a lens and an image sensor configured to capture 

memo:ry eonfigured to store a plurality of sequential images, wherein the sequential 

images are form part of a video plurality of sequential videos; 

one or more motion sensors configured to record a motion information 

representing the motion of the device while the images are being captured; 

and 

a memory configured to store the images and to store the motion information; 

a processor configured: 

to calculate a correcting filter to counteract motion of the device m 

sequential images based in part on the motion information; 

to deteet a main subjeet in eaeh of the images, wherein the mam 

subjeet is the same in the sequential images; 

to align to modify each of the images sueh that the mam subjeet is 

plaeed at a same loeation to generate a corrected image according to the 

correcting filter to counteract the motion of the device in each of the 

sequential images; arul 

to combine the aligned corrected images to obtain a final video; and 

a viewfinder configured to display the final video. 
- 4 -
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21. (New) The method of claim 1, wherein the video captured by the image 

sensor is a plurality of sequential videos. 

22. (New) The method of claim 1, wherein the motion information is stored 

synchronously with the storing of the video. 

23. (New) The method of claim 1, wherein the calculating a correcting filter to 

counteract the motion of the device is based in part on the focal distance of the lens 

or the zoom level. 

24. (New) The method of claim 1, wherein the device receives user input at 

the viewfinder, and the modifying the video to obtain a final video is based in part 

on the user input. 

25. (New) The computing device of claim 6, wherein the video captured by the 

camera is a plurality of sequential videos. 

26. (New) The computing device of claim 6, wherein the motion information is 

stored synchronously with the storing of the video. 

27. (New) The computing device of claim 6, wherein the calculating a 

correcting filter to counteract the motion of the device is based in part on the focal 

distance of the lens or the zoom level. 
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28. (New) The computing device of claim 6, wherein the device receives user 

input at the viewfinder, and the modifying the video to obtain a final video is based 

in part on the user input. 

29. (New) The method of claim 11, wherein the sequential images captured by 

the image sensor form part of a plurality of sequential videos. 

30. (New) The method of claim 11, wherein the motion information is stored 

synchronously with the storing of the sequential images. 

31. (New) The method of claim 11, wherein the calculating a correcting filter 

to counteract the motion of the device is based in part on the focal distance of the 

lens or the zoom level. 

32. (New) The method of claim 11, wherein the device receives user input at 

the viewfinder, and the modifying the sequential images to obtain a final video is 

based in part on the user input. 

33. (New) The computing device of claim 16, wherein the sequential images 

captured by the camera form part of a plurality of sequential videos. 

34. (New) The computing device of claim 16, wherein the motion information 

is stored synchronously with the storing of the sequential images. 

35. (New) The computing device of claim 16, wherein the calculating a 

correcting filter to counteract the motion of the device is based in part on the focal 

distance of the lens or the zoom level. 
- 6 -
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36. (New) The computing device of claim 16, wherein the device receives user 

input at a viewfinder, and the modifying the sequential images to obtain a final 

video is based in part on the user input. 
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Amendments to the Specification: 

Please amend the title to: 

Applicant: Fatih M. Ozluturk 
Application No.: 14/690,818 

METHOD f .. ND f .. PPf .. Rf .. TUS TO CORRECT DIGITf .. L IMf .. GE BLUR BY 

COMBINING MULTIPLE IMf .. GES METHOD AND APPARATUS TO CORRECT 

DIGITAL VIDEO TO COUNTERACT EFFECT OF CAMERA SHAKE 

Please substitute the Abstract with the following new Abstract: 
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ABSTRACT 

Applicant: Fatih M. Ozluturk 
Application No.: 14/690,818 

The effect of camera shake in digital video is corrected usmg signal 

processing techniques. The digital video is a sequence of digital images. When the 

sequence of digital images are being captured, movement of the imaging device 

causes the images to shift on the image sensor of the imaging device and affects the 

quality of the eventual video. Movement of the imaging device is detected while the 

video is being captured, and a motion information representing the motion is 

recorded. A processor determines a correcting filter based on the motion information 

and user input. The processor modifies the sequence of images captured according 

to the correcting filter and obtains a final corrected video. Corrected video is 

displayed in a viewfinder. 
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REMARKS/ARGUMENTS 

Applicant: Fatih M. Ozluturk 
Application No.: 14/690,818 

After the foregoing Amendment, claims 1, 6, 11, 16 and 21-36 are currently 

pending in this application. Claims 2-5, 7-10, 12-15 and 17-20 are canceled. Claims 

1, 6, 11 and 16 are amended. New claims 21-36 are added. In the specification, a 

new Abstract and Title are submitted herewith. 

Request for an Interview 

If any of the claims submitted herewith will be rejected by the Examiner, the 

Applicant respectfully requests a telephonic interview. 

Double Patenting Reiection 

Claims 1-20 are rejected under the judicially created doctrine of nonstatutory 

double patenting as being unpatentable over claims 1-30 of U.S. Patent No. 

9,013,587. The Applicant is willing to submit a Terminal Disclaimer should the 

Examiner find the claims to be otherwise allowable. 

Claim Reiections - 35 U.S.C. §102(b) 

Claims 1, 2, 4-7, 9-12, 14-17 and 19-20 are rejected under §35 USC 102(b) as 

being anticipated by U.S. Patent No. 5,889,553 to Kino et al (hereinafter "Kino"). 

Kino discloses an image pickup apparatus that includes an image pickup 

element for photoelectrically converting an optical image formed on an image 
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Applicant: Fatih M. Ozluturk 
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pickup plane via an image pickup optical system and outputting a picked-up image 

signal. 

Applicant's amended independent claim 1, on the other hand recites in part: 

capturing by the image sensor a video and storing the video in 
the memory; 

while capturing the video, detecting by one or more motion 
sensors a motion information representing the motion of the device, 
and storing the motion information in the memory; 

calculating, by the processor, a correcting filter to counteract the 
motion of the device based in part on the motion information; 

modifying the video, by the processor, according to the correcting 
filter to obtain a final video; and 

displaying the final video in the viewfinder, 

which is not disclosed, taught or suggested in the Kino reference. Accordingly, 

amended independent claim 1 is patentable over the Kino reference. 

Amended independent claims 6, 11 and 16, although not identical, include 

subject matter similar to patentable amended independent claim 1. They are 

therefore patentable for at least the same reasons as patentable amended 

independent claim 1. 

Claims 2, 4-5, 7, 9-10, 12, 14-15, 17 and 19-20 are canceled in the present 

reply. 

Based on the arguments presented above, withdrawal of the 35 USC §102(b) 

rejection of claims 1, 6, 11 and 16 is respectfully requested. 
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Conclusion 

Applicant: Fatih M. Ozluturk 
Application No.: 14/690,818 

If the Examiner believes that any additional minor formal matters need to be 

addressed in order to place this application in condition for allowance, or that a 

telephonic interview will help to materially advance the prosecution of this 

application, the Examiner is invited to contact the undersigned by telephone at the 

Examiner's convenience. 

In view of the foregoing, Applicant respectfully submits that the present 

application is in condition for allowance and a notice to that effect is respectfully 

requested. 

Volpe and Koenig, P.C. 
United Plaza 
30 South 17th Street 
Philadelphia, PA 19103-4009 
Telephone: (215) 568-6400 
Facsimile: (215) 568-6499 

TAN/TAM/amw 
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Respectfully submitted, 

Fatih M. Ozluturk 

By /Todd A. Norton/ 
Todd A. Norton 
Registration No. 48,636 
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The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When 0MB approves an agency 
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1320.5(b). 
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Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
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by the Freedom of Information Act. 
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from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to 
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority 
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations 
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. 
Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication 
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the 
record was filed in an application which became abandoned or in which the proceedings were terminated 
and which application is referenced by either a published application, an application open to public 
inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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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. 
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DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 
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Certified copies: 

a) D All b) D Some *c) D None of the: 
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1. The present application is being examined under the pre-AIA first to invent 

provisions. 

2. TD filed on 1 /27/16 has been approved. 

3. Claims 1, 6, 11, 16 and 21-36 are allowed. 
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4. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Tuan Ho whose telephone number is (571) 272-7365. 

The examiner can normally be reached on Mon-Fri 7:00AM-4:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Sinh Tran can be reached on (571) 272-7564. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

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). 
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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. 

/Tuan V Ho/ 

Primary Examiner, Art Unit 2622 
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PATENT NO. 
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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 O day(s). Any patent to issue from the above-identified application will include 
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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. 
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FATIH M OZLUTURK 

RECEIVING PARTY DATA 

Name: CLEAR IMAGING RESEARCH, LLC 

Street Address: 5 HILLDALE LN 

City: SANDS POINT 

State/Country: NEW YORK 

Postal Code: 11050 
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Property Type Number 

Patent Number: 9392175 

Patent Number: 9338356 

Patent Number: 9294674 

CORRESPONDENCE DATA 

Fax Number: 

EPAS ID: PAT4004311 

Execution Date 

08/10/2016 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Email: fozluturk@gmail.com 

Correspondent Name: FATIH M OZLUTURK 
Address Line 1: 5 HILLDALE LN 
Address Line 4: SANDS POINT, NEW YORK 11050 

NAME OF SUBMITTER: FATIH M OZLUTURK 

SIGNATURE: /FatihOzluturk/ 

DATE SIGNED: 08/12/2016 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 1 
source=674 356 175 assignment#page1 .tit 



ASSIGNMENT OF PATENT RIGHTS 

Fatih Ozluturk ("Assignor11
) is owner of the following U.S. Patents (the "Patents"): 

! Patent No Date Title 
' 9 19, 17" ! ,- .,.,, _, July 12, Method and apparatus for using motion information and image data 
l 2016 to correct blurred images 
! 9,338,356 May 10, Method and apparntus to correct digital video to counteract effect 
! 2016 of camera shake ' 
I 9,294,674 March 22, Method and apparatus to correct digital image blur due to motion 
! 2016 of subject or ima2:ing device 
' 

Clear Imaging Research, LLC. a Limited Liability Company registered in Delaware, with offices 
in 5 Hilldale Ln, Sands Point, NY ("Assignee") desires to acquire rights in and to the Patent. 

Therefore, for valuable consideration, the receipt of which is acknowledged, Assignor sells, 
assigns and transfers his entire right, title and interest i:11 the Patents to Assignee. The right, title 
and interest conveyed in this Assignment is to be held and enjoyed by Assig11ee and Assignee's 
successors, legal representatives and assigns, to the full end of the term for which the Patent is 
granted, as folly and exclusively as it would have been held and enjoyed by Assignor had this 
assignment not been made. 

~£~~I,'- \;\~ 9~2/t\:;~:A~ 
i_ 

Fatih Ozluturk 

-LA 
On this /Urday of .t:1vo1 a2)1&, before me, Lv.d/AJ ~::;r-:- l1"1oe,,<::.syJt"/' , the 
undersigned Notary Puhlfo":Jpersonally appeared Fatih. Ozluturk, proved to me on the basis of 
satisfactory evidence to be the person whose name is subscribed to the within instrument. and 
acknowledged to me that he executed the same .. Witness my hand and official seal in 

, / { 1 

Nt!..i,<) 70 tic County of _b~1 s: '>-q U on the date set forth in this certificate. 

_ .... ----~::::.~ ~::~:-::l • 
/. • ,./),/ ,d-u,,..-;11 ,#:·< .. /<::::7:_.~2)7et, -<~~#f-:,f"ifi 
',, ___ ,.., ;;r·" • ..··, 

Notary Publie:/···· 

LYNN J MOESSNER 
Notary Public, Stfite of New· YQrk 

No. O,M04970982 
Qualified lr. Nassau County 1q, 

My Commi:,s.i<:in Expires 8/iS)i20J..JL 
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Postal Code: 11050 
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Property Type Number 

Application Number: 60556230 
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Patent Number: 8064719 
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Patent Number: 8154607 

Patent Number: 8630484 

Patent Number: 9294674 

Patent Number: 8922663 

Patent Number: 9001221 

Patent Number: 9013587 

Patent Number: 9167162 
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Property Type Number 

Patent Number: 9860450 

Patent Number: 10171740 

Application Number: 15790430 

Patent Number: 10341566 

Patent Number: 10389944 

Patent Number: 10382689 

Patent Number: 10721405 

Application Number: 16538066 

Patent Number: 10880483 

Application Number: 16933557 

Application Number: 17066882 

PCT Number: WO2005093654 

CORRESPONDENCE DATA 

Fax Number: 
Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Phone: 516 603 8383 
Email: fatih@clear-imaging.com 

Correspondent Name: FATIH M OZLUTURK 
Address Line 1: 5 HILLDALE LN 

Address Line 4: SANDS POINT, NEW YORK 11050 

NAME OF SUBMITTER: FATIH OZLUTURK 

SIGNATURE: /FatihOzluturk/ 

DATE SIGNED: 04/19/2021 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 3 
source=CIR Re-assignment#page1 .tit 
source=CIR Re-assignment#page2.tif 
source=CIR Re-assignment#page3.tif 



ASSIGN!VIEN'f OF PATENT RIGHTS 

,,, F t' 1 (" 1 • ' 1 " A • '" ' • ct . 1 • • j d • • I • , , am .n,umrn: 1.. . singnor }. nave ass1gne-. my ngat, tH e an mt.erest u1 t.1e mvent1ons, 
patents, ,wd patent appHcations listed in Exhibit A, as \veH as, any reissues,. continuations, 
continuation~in-parts. divisionals, substitute applications, re-examinations claiming the benefit of 
any pa.tent or pa.tent application listed in Exhibit A C'Patents"), for the entire life of Patents, 
in duding the right to sue for past, current, or faturn patent infringement, to Clear Imaging 
n,,..,_, .. ! llt'",,'ih-N",,.l,· ;;:;;}r;l'd···· 1 · '<..'<, o.,p.-· t N'''-1/llA.,,·.,, .._.,,,,. 
l"\v:iCdH .. il., , ., .• Ah 0111--.C, In-· , l <:l!C -an~.\ s.--,Ufl.i..i::,, ~>ID , .:. ! , ,"'t~Slts.rl<,A }, 

To the extent that any darificatkm is sought or necessary, for any reason, I CAssignor") on 
beha.lf of mvself in rnv personal capacitv, and as the Principal .and O\vner of anv legal en6tv that 
I own, control, and/orrnanage as ofthis .. date and any time in the past (including but not En{lted 
to Clear Irnaging LLC\ for valuable consideration, the receipt of \.vhich l acb1owlcdge, hereby 
sell, assign and transfer the ~mtire right. title and interest in the inventions, patents,, a.nd patent 
appllcations iisted in Exhibit A, as weH as, any reissues, continuations, continuation--inNparts, 
divisionals, substitute applications, re-examinations claiming the benefit of any patent or patent 
application listed in Exhibit A C'Patents''), for the entire life of .Patents, including the right to sue 
for past, current, or future patent infringem.en\:1 to Clear Imagin.~ R.ef!eardt LLC ·with offices in 5 
IHlkb.k Lane, Sands Point, NY ('' Assigneeli), For the avoidance of doubt, this assignment 
includes an rights to sue and collect for past damc.uu.:s, 

~ -
Fur the avoidance of doubt, there remains no rjghts, past, current, or future, rdated or associated 
,vith P;;,tems that rernain outside the Assignee. For the avoidance of doubt, no rights to sne or 
collect for past damages remain outside the Assignee. The right, title and h1terest conveyed in 
1hi"'- Assic,m1't"r1 is iO be h-,!d ,•nd enJ'r3,,Nl bv As"i~JK'f an,._1 ,:\s;signf'"1s ,ucce"-sorn kval .l, •-,,.1 ¥'-•'-t;:,· .~ _.,\.._ .,_ ~ • · _,._,, ½ L,;. .J _,_ ...... ;,,,_...,_,· ._. ,,, ...... , ..... _., • ._.-,,- .,_ "-·· '-:; - ',":: 

representatives and assignr;, to the full end of the tenn of Patents past, cun-ent, and future, is 
granted, as fully and exclusively as it would have been hdd and enjoyed by Assignor had this 
,v;signment not been rnade, 

Assignor 

. ,,•:> ··'..,/? ..,, ...-? ' .. /.' .. ,J: . ,• ,,..; •·-··~:-•· ,;-··/.-··)" -·..:,·• .. - ✓~ .••• ,('\_'I ........ " 

On th1s 1t~ .. day ot ,.<LxJ.Lt .. L .... , bet ore J:ne, _L\.:'..dl_,:_;,;.;::~-.:· ,,-' .-- / i;;,,~":-;,~.:~.D.l~.i .. , tne rn1d~ts1gr~cd 
Notarv Public, p0rso11all\' appeared Fatih Oz!utufk, proved tor.neon the basis of satis1actory 
evide11ce to be the perso11 ,vliose name js subscnbed to the within instn .. !J?e1,u,yn4 pc~;nowledged _ 
to m~,that he executed the same, Vlitness 1ny hand and official seal in i0\:t:£M1.9t·~/~1t;>1County o1 

l/··2 -\~;_;-? c/ on the date set forth in this cen1ficate, \, 



EXHIBIT A 

The Patents include the patents and patent applications listed belovv, as weli as, any reissues, 
continuations, continuation-in-parts, divisio11als, substimte applications, re-examinations 
daiming the benefit of any patent or patent application listed below. 

j Pat,mt 
i Numb~r 

1 Puhlirn.tim1 ! Application I Titi(' i 

Numbes- ___ ........,l_._N_·u_m ____ b_e_ • .r _____ ~.-=-········· ... _.. _ -··~- , ·:~--······-, , -\,_ r------
, 
L Tf'' -,-," I .... ,.--········l------

'··· ~K- ·' I / L.3 I 

US60!S56230 j froce:,smg to res,ore pnotogrnpns uHectee1 zme to 
i c;Jrri.er.1 shake -.x mzr,;mg_ ::;uh:cz·,\ \ ~---+·····-----·-··--... , .... -_,.._ __ .~...... . ............. 1 

-US l l/089081 Method imd :;pparntn:-: to correct digital imag1:~ bJu,· 
____ d_u_e_~!,;:-~~ti;)n of s1.:~jeot or imagii~g device 

US 12/274074 Ivkthod and ;3,ppunitus to (;OlT(cct digital imi,ge blur 

--+--~------·-+--------- due to n:,otis~!2.~f subj,xt r~~)]2~-~1ic;ing device --··--···--·" 
US8064720 US12/274096 Method and apparatus to cone<.:tdigital irnage blur 

... ---~ 
US81S4607 

! US&630484 
i 
)···, J,;,;()19,t<""' 4 I , , .... _,;._. ,) ! ·-

lJS8922663 

US90(Jl22J 

lJS90]3SB7 

t}S9167162 

US9l54699 

i US9800788 

i 
\') --,11 ~-, 

~~~-'--'-J·)_,l_! __ ,i.,... ___ _ 

0171740 

due to motl~:n of ~mbject ?.~.E~1agini<, cle"':ie::.l ... ___ _ 
1JS 12/27 4032 !\1ethod. and apparntus to 0orrect digital image blur 

_____ .. g,-ue to xn.oti~~n C>f ~ubjcct .. ~~!:j~pa~in g de'\,..ic~-------1 
l}S l 2/274057 J\1ethod .:::nd Hpparatus to correct digital hn.ag{~ b{u1~ 

due iu motion of su~j_ect or irn;:,gi:t,~le.,,··,_;i_'(·_:\_'t_c_e ____ -1 

US l 2/.274-08-4 Method ,md apparatus to com,ct digital image blur 

----'~::!:::.~.? motion ot?..~~~iect or imai?t~rn. device 
US 13/4423 70 l\lfothod and &pptiratu:; to <'.on-ect digital image blur 

-~----
1 
.. 0.1:}e to rnoiioi!. of sub1ed or ima_g:~ng device ··--

US 13/65 3144 Mdhocl and apparatus for using motion 
infornw:tion imd :::mHge data tc, correct b1urred 

,_,.,..._i_r_~) __ ast~~ ,. .. ____ ._...., ....... ~-------·--.,..........,........,.._,.. 
1J"S 1 ii/532654 LAethod and apparatus t,> correct d.rg:d:al image blur 

----- -------,--_....,....?J:.~~~tnbining n~~:~}.!ir:le i,n1a.ges •nh~-----u-----~, 

US l 4/584891 I\·1,:ttiod Hnd apparuilIB to 001-re;ot digitirl image blur 

US) 4;'586297 

l.IS14i67955l 

due to motion ,)f sut:jed or i:rrniging device by 
adiustin~~):Q:tage sr~n~~t~~----------- ____ _ 
Method nnd apparatus to corred blur ill all or pun 
of a digital image by (:ombinin.g plurnl:hy of 

\·kthod :Jnd apparntus for rn;ing motion 
rnfonnation nn.d image duta t<_:. <::orrect blurred. 



US2.C: l 8.00,t8822 US i S/790430 lvktl1,xt"1in(l spparntus for u~~;~tlg mt>tk•n ---·-···-

r::irng;-;;-- ______ .------ ~-------

' V , , • ' ... l • . • rn~onnanon ar\Cl .nmi.gt) Ga:Ul to corre(ot JlUlT<;:;G 

11na "f:j~{ ------------------··· . 
T\.1ethod ;i_nd apparatm: for irnpJementing a digitil1 l 

' . d f"' ' • • . I 
·---;;r_: .. :_m_~~_.u_·~.~'::~- :tter tor an 1rna~rng ~?P.t~~\~l.$ l 

USl 5/858339 .M~tbo<l. and apparaiu:, to (:orrect blur in aH or part t 

US16/538066 

of an 1ni~~B .. !.______ ------···-·····••u~J 
Method ;md upparat·,i::: i"or .::apturing stabilized i 
video in m~ _ _tt_~~~1g <levic_('._ ______ , __________ ...J 
l\f l . 0 

• ' ,. 't.. • ! t iet 10d ;:11~1_ upp~ratm: rnr n_nJHernt~ntmg a mgr al i 
~. grnthate~~J~~ttr tor an 1m~_g?1~g apr,arntrn,; ----~-J 
! lvfothod mid ap;x,rntus :for capturing ~tabihzed ! 
l \,;.it", 1·n •tr ·r:vu;"i'w dt•vice ! 
: ).\.~ ,, A ..,.,_ ! •• .>. • <.', ..'. •• ., , • -•~••••~------ ' 

1vkih()d and apjx:.ratlm to cor:re0t blur in all or part 

·-----~ , _____ c_)t~' _a~~-jtnage -----·--------------,-------1 
U:'3202.00351445 U:316/933557 . l\{e(hotl 11:nd ,,pparntus for impk:mentmg a digital 

.---------! __ 1:;rnduat(id filt~E_for an imagi.1l~L~W.F:..:'<=U-..:.a=tl=.t.:..i'------1 
1.JS20210044752. lJS} 7 /066882 tv'lethod and apparatus to 01)m~◊t blur in dl or part 

o.t ,in 1g-~_~1. __ , ___ .e_· ----------~ --------i 
US?G05009766W lvfothod and app,,rntus to con-ect digitn.l image blur 
·---- , ___ __,_d_u_e'"!~~-!X~o{1.:_1n ofsubf~~:!'"~1r in1aginQ; ~l~c.,_'~_:0...:\~ ____ ...., 



UNIIBD STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 37l(C) DATE FIRST NAMED APPLICANT 

14/690,818 04/20/2015 Fatih M. Ozluturk 

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 

ATTY.DOCKET NO./TITLE 

OZL-PTO0l.13 

REQUEST ID 

141429 

Acknowledgement of Loss of Entitlement to Entity Status Discount 

The entity status change request below filed through Private PAIR on 06/17/2021 has been accepted. 

CERTIFICATIONS: 

Change of Entity Status: 

X Applicant changing to regular undiscounted fee status. 
N0IB: Checking this box will be taken to be notification of loss of entitlement to small or micro entity status, as 
applicable. 

This portion must be completed by the signatory or signatories making the entity status change in accordance 
with 37 CFR 1.4( d)( 4). 

Signature: !Thomas A. Mattioli/ 

Name: Thomas A. Mattioli 

Registration Number: 56773 
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