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100. SYSTEM RECEIVES BASE INPUT IMAGE AND ONE OR 
MORE OTHER INPUT IMAGES 

101. SYSTEM USES BASE INPUT IMAGE TO GENERATE 
INITIAL SUPER-RESOLUTION ENHANCED IMAGE 
ESTMATE MAGE AND ESTABLISHES TAS CURRENT 
ESTMATE IMAGE 

102. SYSTEM SELECTS ONE OF THE OTHER INPUT 
MAGES 

103. SYSTEM GENERATES PROJECTED ESTIMATE MAGE 
USING MAGING MODEL OF SELECTED INPUT IMAGE 

() 104. SYSTEM SELECTS PIXEL LOCATION (x,y) 

105. SYSTEM USES EQUATION (6) TO GENERATE VALUE 
OF CROSS-CORRELATION BETWEENPIXELS INA 
WINDOW AROUND THE SELECTED PXEL LOCATION IN 
SELECTED IMAGE AND PROJECTED ESTMATE IMAGE 

106. SYSTEM DETERMINES WHETHERVALUE OF 
NO CROSS-CORRELATION IS ABOVE A SELECTED 

THRESHOLD WALUE 

YES 

F. G. 2 
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107. SYSTEM USESEQUATION (8) TO GENERATE 
PARAMETERS ASSOCIATED WITH LEAST-SQUARES 
ESTIMATE FORAFFINE SIMILARITY IN THE WINDOW 

108. SYSTEM USES PARAMETERS AND PXEL VALUE IN 
SELECTED LOCATION IN SELECTED INPUT IMAGE TO 
GENERATE PXEL VALUE FOR CORRESPONDING PXEL 
LOCATION (x,y) OF VIRTUAL INPUT IMAGE (REFERENCE 
EQUATION (4)) 

109. SYSTEM SETS VALUE OF CORRESPONDING PIXEL 
LOCATION (x,y) OF VIRTUAL INPUT IMAGE TO PIXEL 
VALUE OF CORRESPONDING PXEL LOCATION OF 
PROJECTED ESTIMATE IMAGE 

110. SYSTEM DETERMINES WHETHER IT HAS SELECTED 
NO ALLPXEL LOCATIONS 

YES 

111. SYSTEM USESEQUATION (3) TO GENERATE AN 
ERROR IMAGE AS THE DIFFERENCE BETWEEN PXEL 
VALUES AS BETWEEN CORRESPONDING PXEL 
LOCATIONS OF PROJECTED IMAGE AND VIRTUAL INPUT 
IMAGE 
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112. SYSTEM USES ERROR IMAGE AND PROJECTED 
ESTMATE IMAGE TO UPDATE PROJECTED ESTIMATE 
IMAGE, AND SUBSTITUTES UPDATED PROJECTED 
ESTMATE IMAGE FOR PROJECTED ESTIMATE IMAGE 
GENERATED IN STEP 101. 

113. SYSTEM DETERMINES WHETHER IT HAS SELECTED 
ALL OF THE OTHER INPUT IMAGES THAT ARE TO BE 
USED IN GENERATING THE SUPER-RESOLUTION 
ENHANCED IMAGE 

YES 

114. SYSTEM EXITS, RETURNING PROJECTED ESTIMATE 
MAGE AS SUPER-RESOLUTION ENHANCED IMAGE 

FI G. 2B 
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120. SYSTEM RECEIVES INPUT IMAGES FOR THE 
RESPECTIVE COLOR CHANNELS 

121. SYSTEM SELECTSA COLOR CHANNE FOR WHICH A 
DEMOSAICED IMAGE IS TO BE GENERATED 

122. SYSTEM GENERATES AN ESTMATE FOR 
SUPER-RESOLUTION ENHANCED IMAGE FROM THE 
INPUT IMAGE ASSOCATED WITH THE SELECTED COLOR 
CHANNEL BY INTERPOLATION TO PROVIDE MISSING 
PXEL VALUES AND CONVOLUTION WITH THE POINT 
SPREAD FUNCTION ("PSF") OF THE IMAGE RECORDING 
SENSOR USED TO RECORD THE INPUT IMAGE 
ASSOCIATED WITH THE SELECTED COLORCHANNEL 

123. SYSTEM SELECTS ONE OF THE OTHER COLOR 
CHANNELS 

124. SYSTEM GENERATES ARRAY DATA STRUCTURE TO 
BE USED FOR ERROR IMAGE FOR PROCESSING IN 
CONNECTION WITH COLOR CHANNEL SELECTED INSTEP 
123 AN INITIALIZES THE ARRAY ELEMENTS TO ZERO 

125. SYSTEM DIVIDES ESTIMATE IMAGE AND INPUT 
IMAGE ASSOCIATED WITH COLOR CHANNEL SELECTED 
INSTEP 123 INTO FOUR SUB-IMAGES, WHERE PIXELIN 
LOCATION (x,y) OF SUB-IMAGE (i,j) RECEIVES PIXEL 
VALUE ASSOCIATED WITH PIXELIN LOCATION (q,r) OF 
RESPECTIVE ESTIMATE, INPUT IMAGE, SUCH THAT 

O FI.G. 3 
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126. SYSTEM SELECTSA CORRESPONDING PAIR (i,j) OF 
SUB-IMAGES 

127. SYSTEM SELECTS PIXEL LOCATION (x,y) IN 
SELECTED SUB-IMAGE PAIR (i,j) 

128. SYSTEM USESEQUATION (6) TO GENERATE VALUE 
OF CROSS-CORRELATION BETWEEN PXELS INA 
WINDOWAROUND THE SELECTED PXEL LOCATION IN 
SELECTED IMAGE AND PROJECTED ESTIMATE IMAGE 

129. SYSTEM DETERMINES WHETHERVALUE OF 
CROSS-CORRELATIONS ABOVE A SELECTED 
THRESHOLD WALUE 

YES 

130. SYSTEM USESEQUATION (8) TO GENERATE 
PARAMETERS ASSOCIATED WITHLEAST-SQUARES 
ESTIMATE FORAFFINE SMARTY IN THE WINDOW 

131. SYSTEM USES PARAMETERS AND PXEL VALUES IN 
SELECTED LOCATIONS OF SELECTED SUB-IMAGE PAIR 
(i,j) FOR ARRAYELEMENT (2x+i,2y+j) OF ERROR IMAGE 
ARRAY 

F. G. 3A 
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132. SYSTEM DETERMINES WHETHER IT HAS SELECTED 
ALL OF THE PIXEL LOCATIONS (x,y) INSELECTED 
SUB-IMAGE PAIR (i,j) 

YES 

133, SYSTEM DETERMINES WHETHER IT HAS SELECTED 
ALL SUB-IMAGE PAIRS (i,j) 

YES 

134. SYSTEM USES THE SUPER-RESOLUTION ENHANCED 
IMAGE ESTIMATE GENERATED INSTEP 122, THE ERROR 
IMAGE ARRAY AND THE PSF TO GENERATE ANUPDATED 
SUPER-RESOLUTION ENHANCED IMAGE ESTIMATE FOR 
THE COLOR CHANNEL SELECTED IN STEP121, AND 
SUBSTITUTES THE UPDATED IMAGE ESTIMATE AS THE 
IMAGE ESTIMATE 

135. SYSTEM DETERMINES WHETHER THAS SELECTED NO 
ALL OF THE COLOR CHANNELS 

YES 

136. SYSTEM EXITS, RETURNING ESTIMATE IMAGE AS 
SUPER-RESOLUTION ENHANCED IMAGE 

F I. G. 3B 
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SYSTEMAND METHOD FOR PROVIDING 
MULTI-SENSOR SUPER-RESOLUTION 

FIELD OF THE INVENTION 

0001. The invention is generally related to the field of 
image processing of images, and more particularly to SyS 
tems for enhancing the resolution of imageS. The invention 
is Specifically directed to a System and method of generating 
an enhanced Super-resolution image of a Scene from a 
plurality of input images of the Scene that may have been 
recorded with different image recording Sensors. 

BACKGROUND OF THE INVENTION 

0002 An image of a scene as recorded by camera are 
recorded at a particular resolution, which depends on the 
particular image recording medium or Sensor that is used to 
record the image. Using one of a number of So-called “Super 
resolution enhancement methodologies, an image of 
enhanced resolution can be generated from a plurality of 
input images of the Scene. A number of Super-resolution 
enhancement methodologies assume that the images are 
recorded by the same Sensor. However, in many applica 
tions, images of a Scene will typically be recorded using 
different image recording Sensors. For example, a color 
image of a Scene is recorded by an image recording medium 
that actually comprises three different Sensors, one Sensor 
for each of the red, blue and green primary colors. A problem 
arises in Such applications, Since conventional Super-reso 
lution-enhancement methodologies can only be applied on 
multiple images generated by a similar Sensor. 

SUMMARY OF THE INVENTION 

0003. The invention provides a new and improved system 
and method of generating a Super-enhanced resolution 
image of a Scene from a plurality of input images of a Scene 
that may have been recorded with different image recording 
SCSOS. 

0004. In brief Summary, the invention provides a Super 
resolution enhanced image generating System for generating 
a Super-resolution-enhanced image from an image of a 
Scene, identified as image go, comprising a base image and 
at least one other image g, the System comprising an initial 
Super-resolution enhanced image generator, an image pro 
jector module and a Super-resolution enhanced image esti 
mate update generator module. The initial Super-resolution 
enhanced image generator module is configured to use the 
image go to generate a Super-resolution enhanced image 
estimate. The image projector module is configured to 
Selectively use a warping, a blurring and/or a decimation 
operator associated with the image g, to generate a projected 
Super-resolution enhanced image estimate. The Super-reso 
lution enhanced image estimate update generator module is 
configured to use the input image g, and the Super-resolution 
enhanced image estimate to generate an updated Super 
resolution enhanced image estimate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005. This invention is pointed out with particularity in 
the appended claims. The above and further advantages of 
this invention may be better understood by referring to the 
following description taken in conjunction with the accom 
panying drawings, in which: 
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0006 FIG. 1 is a functional block diagram of a Super 
resolution enhanced image generating System for generating 
a Super-enhanced resolution image of a Scene from a plu 
rality of input images of a Scene that may have been 
recorded with different image recording Sensors, constructed 
in accordance with the invention; 
0007 FIG. 2 is a flow chart depicting operations per 
formed by the Super-resolution enhanced image generating 
system depicted in FIG. 1; 
0008 FIG. 3 is a flow chart depicting operations per 
formed by the Super-resolution enhanced image generating 
System in connection with a demosaicing operation. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

0009 FIG. 1 is a functional block diagram of a Super 
resolution enhanced image generating System 10 for gener 
ating a Super-enhanced resolution image of a Scene from a 
plurality of input images of a Scene that may have been 
recorded with different image recording Sensors, constructed 
in accordance with the invention. With reference to FIG. 1, 
the Super-resolution enhanced image generating System 10 
includes an initial Super-resolution enhanced image estimate 
generator 11, an Super-resolution enhanced image estimate 
Store 12, an image projector 13, an input image Selector 14, 
a virtual input image generator 15, an error image generator 
16, and an Super-resolution enhanced image update genera 
tor 17, all under control of a control module 18. Under 
control of the control module 18, the Super-resolution 
enhanced image estimate generator 11 receives a base input 
image "g" of a Scene and generates an initial estimate for 
the Super-resolution enhanced image to be generated, which 
it stores in the Super-resolution enhanced image estimate 
store 12. 

0010 Also under control of the control module 18, the 
image Selector Selects one of a plurality of other input 
images 

igi 31 

0011 of the scene, which may have been recorded by 
another sensor. Thereafter, the control module 18 enables the 
image projector 13 to generate a projected image of the 
Super-resolution enhanced image estimate image in the 
Super-resolution enhanced image estimate Store, in this case 
using the imaging model for the image recording Sensor that 
had been used to record the Selected input image gi. The 
projected Super-resolution enhanced image estimate and the 
Selected input image are both coupled to the virtual input 
image generator 15. The Virtual input image generator 15 
receives the projected Super-resolution enhanced image esti 
mate as generated by the image projector 13 and the Selected 
input image gi, ie 1, and performs two operations. First, for 
each pixel in corresponding locations in the projected image 
estimate and the Selected input image, the Virtual input 
image generator 15 generates a normalized cross-correlation 
value in a neighborhood of the respective pixel, and deter 
mines whether the normalized cross-correlation value is 
above a selected threshold value. The normalized cross 
correlation value is an indication of the affine Similarity 
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between the intensity of the projected image and the inten 
sity of the Selected input image, that is, the degree to which 
a feature, Such as an edge, that appears near the particular 
location in the projected image images is also near the same 
location in the Selected input image. If the normalized 
cross-correlation value is above the threshold, the virtual 
input image generator generates affine parameters using a 
least-Squares estimate for the affine Similarity in the window, 
and uses those affine parameters, along with the pixel value 
(which represents the intensity) at the location in the 
Selected input image to generate a pixel value for the 
location in the virtual input image. On the other hand, if the 
normalized cross-correction value is below the threshold, 
the Virtual input image generator 15 assigns the location in 
the Virtual input image the pixel value at that location in the 
projected image. The Virtual input image generator 15 
performs these operations for each of the pixels in the 
projected image as generated by the image projector 13 and 
the Selected input image gi, ie 1, thereby to generate the 
Virtual input image. 

0012. The error image generator 16 receives the projected 
image as generated by the image projector 13 and the Virtual 
input image as generated by the Virtual input image genera 
tor 15 and generates an error image that reflects the differ 
ence in pixel values as between the two images. The 
Super-resolution enhanced image estimate update generator 
17 receives the error image as generated by the error image 
generator 16 and the Super-resolution enhanced image esti 
mate Store 12 and generates an updated Super-resolution 
enhanced image estimate, which is Stored in the Super 
resolution enhanced image estimate Store 12. 

0013 If there is another input image 

{gil 1, 

0.014 after the updated Super-resolution enhanced image 
estimate has been Stored in the Store 12, the control module 
can enable the various modules 13-17 to repeat the opera 
tions described above in connection with another input 
image. These operations can be repeated for each of the 
input images. After all, or a Selected Subset, of the input 
images 

0.015 have been selected and used as described above, 
the control module 18 can terminate processing, at which 
point the image in the Super-resolution enhanced image 
estimate Store 12 will comprise the Super-resolution 
enhanced image. Alternatively, or in addition, the control 
module 18 can enable the operations in connection with the 
input images 
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0016 or the selected subset, through one or more Subse 
quent iterations to further enhance the resolution of the 
image in the Super-resolution enhanced image estimate Store 
12. 

0017 Details of the operations performed by the initial 
Super-resolution enhanced image estimate generator 11, the 
image projector 13, the Virtual input image generator 16, the 
error image generator 16 and the Super-resolution enhanced 
image estimate update generator 17 will be described below. 

0018. By way of background, a Super-resolution 
enhanced image of a Scene is typically generated from a Set 

igi: 

0019 of “n” input images of a scene, all of which have 
been recorded by the same image recording Sensor. The 
input images are indexed using indeX “i.” It will be assumed 
that all of the images are the result of imaging a high 
resolution image f of a Scene, which high-resolution image 
initially is unknown. The imaging model, which models the 
various recorded imageSg, usually includes one or more of 
a plurality of components, the components including a 
geometric warp, camera blur, decimation, and added noise. 
The goal is to find a high-resolution image f that, when 
imaged into the lattice of the input images according to the 
imaging model, provides a good prediction for the low 
resolution images g;. If f is an estimate of the unknown 
image f, a prediction error image "d,” for the estimate f is 
given by 

0020 where “W' is an operator that represents geomet 
ric warping as between the “i-th input image g; and the 
estimate f of the unknown image f, “B,” is an operator that 
represents the blurring as between the “i-th input image g; 
and the estimate f of the unknown image f, and “V” 
represents decimation, that is, the reduction in resolution of 
the estimate f of the unknown image f to the resolution of 
the “i-th input image gi. The blurring operator “B,” repre 
Sents all of the possible Sources of blurring, including 
blurring that may be due to the camera's optical properties, 
blurring that may be due to the camera's image recording 
Sensor, and blurring that may be due to motion of the camera 
and/or objects in the Scene while the camera's shutter is 
open. The warping operator “W' represents the displace 
ment or motion of points in the Scene as between the 
respective “i-th” input image "g,” and the estimate f. An 
example of the motion that is represented by the warping 
function "W" is the displacement of a projection of a point 
in the Scene from a pixel having coordinates (x,y) in an 
image g to a pixel having coordinates (x,y) in the estimate 
f. It will be appreciated that the information defining the 
respective input images are in the form of arrays, as are 
various operators. It will also be appreciated that the arrayS 
comprising the various operators will generally be different 
for each of the “i’ input images g. Typically, Super-resolu 
tion image generating Systems determine the estimate f of 
the unknown image f by minimizing the norm of the 
prediction error image d, (equation (1)) as among all of the 
input images g. 
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0021. The Super-resolution image generating Systems 
described in connection with equation (1) generate a Super 
resolution enhanced image from a plurality of input images 

{gil 1, 

0022 all of which were recorded by the same image 
recording Sensor. The Super-resolution enhanced image gen 
erating System in accordance with the invention generates a 
Super-enhanced image from a set of input images, which 
need not have been recorded using the same image recording 
Sensor. More specifically, the Super-resolution enhanced 
image generating System generates an estimate f of a 
high-resolution version of a base image "go of a scene using 
that image "go” and a Set 

0023 of other input images of the scene. The base image 
go and the other input images 

0024 may, but need not, have been recorded using dif 
ferent image recording Sensors, that is, no assumption is 
made that the image recording Sensors that were used to 
record the input images 

0.025 are similar to each other, or to the sensor that was 
used to record the base image "go.” The Super-resolution 
enhanced image generating System 10 can generate an initial 
estimate from the base image go using any of a number of 
methodologies as will be apparent to those skilled in the art; 
one methodology that is useful in connection with one 
particular application will be described below. 
0026. The Super-resolution enhanced image generating 
System makes use of an observation that aligned imageS as 
recorded by different image recording Sensors are often 
Statistically related. The Super-resolution enhanced image 
generating System makes use of a Statistical model “M” that 
relates a projected image pi-B,(W(f)) to the respective 
input image "g as recorded by the image recording sensor. 
In that case, a virtual input image gi can be defined as 

gi=M (pig) (2) 
0027) For the projected image pi-B,(W.(f)), f is the 
current estimate of the Super-resolution enhanced image, 
and, as described above, “B,”“W, and “” represent the 
blurring, warping and decimation operators, respectively, for 
the respective “i-th’ input image, is 1. 
0028. After the respective projected image pi and the 
Virtual input image g; for a particular input image g, have 
been generated, a virtual prediction error image “V” can be 
generated as 
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v=gi-p (3) 

0029. Thereafter, the Super-resolution enhanced image 
generating System uses the Virtual prediction error image 
“V” from equation (3) in generating the Super-resolution 
enhanced image in a manner Similar to that described above 
in connection with equation (1), but using the virtual pre 
diction error image V instead of the prediction error image 
d. 

0030 The Super-resolution enhanced image generating 
System makes use of a Statistical model M that is based on 
a local photometric affine alignment as between the inten 
Sities of the input images 

igi 31 

0031 and the intensities of the projected images. In 
particular, the Super-resolution enhanced image 8 generating 
System makes use of Small corresponding pixel neighbor 
hoods in the projected image p, and the associated input 
image g; and generates estimates for an affine transformation 
relating the intensity values of the image p, to the intensity 
Values of the respective input image gi, that is p;(x, y)=a(X, 
y)g(x, y)+b(x, y), where (x,y) represents the location of the 
respective pixel. (In the following discussion, the use of 
“(x,y)” may be dropped for clarity.) The Super-resolution 
enhanced image generating System then uses the mapping to 
generate the respective virtual input image as 

0032) and the prediction error image V, as described 
above in connection with equation (3). Under the assump 
tion that the input image is contaminated with Zero-mean 
white noise, which typically is the case, the optimal estima 
tion for the affine relation between each projected image pi 
and the respective input image g, provides coefficients “a” 
and “b'. Such as to minimize 

5 minabX (a g;(u, v)+b-p:(u, v). (5) 

0033 where “u” and “v' define a small neighborhood R 
around each of the respective pixels (x,y). 
0034). The Super-resolution enhanced image generating 
System generates the pixel value (intensity) for a pixel at 
location (x,y) in the virtual input image gi-M(pig) (refer 
ence equation (3)) as follows. Initially, the Super-resolution 
enhanced image generating System generates an estimate 
“c(x,y) of a centralized and normalized cross-correlation in 
a weighted window of size “2k+1” by “2k+1,” for a selected 
value of "k, around the respective pixel at location (x,y) as 
follows: 

pigi (x,y)-p; (x, y)gi (x, y) (6) 
C(x, y) = 
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0035) where p(x,y), g(x,y), pg.(x,y), p(x,y), and 
g;(x,y) are weighted averages around the pixel at coordi 
nates (x,y) in the respective image pi or g. That is, for 
example, 

0036) and so forth, where “w(u,v)” is a weighting kernel. 
In one embodiment, the values Selected for the weighting 
kernel decrease with increasing absolute values of “u' and 
“v,” so that less weight will be given in the weighted sums 
to values of pixels in the window with increasing distance 
from the pixel at location (x,y), thereby to provide for a 
reduction in Spacial discontinuities in the affine parameters 
“a” and “b” (equation (4)). 
0037 After the Super-resolution enhanced image gener 
ating System has generated the cross-correlation estimate 
c(x,y) of the cross-correlation for a pixel at location (x,y), it 
compares the absolute value of the cross-correlation esti 
mate c(x,y) to a threshold value “T” If the Super-resolution 
enhanced image generating System determines that the abso 
lute value of the cross-correlation estimate c(x,y) is less than 
the threshold value “T” the value of the pixel at location 
(x,y) in the virtual input image g is set to correspond to the 
value of the pixel at location (x,y) in the projected image pi, 

0.038. On the other hand, if the Super-resolution enhanced 
image generating System determines that the absolute value 
of the estimate c(x,y) is greater than or equal to the threshold 
value “T,” it generates coefficients “a” and “b” for use in 
generating the least-Squares estimate for the affine Similarity 
in the window around the pixel at location (x,y) as follows 

- . y) p(x, or. (8) b p, (x, y) 1 g(x, y) 

0.039 and then generates the pixel value for the pixel in 
location (x,y) of the virtual input image as 

0040 (compare equation (4)) where “a” and “b” in equa 
tion (9) are as determined from equation (8). The Super 
resolution enhanced image generating System performs the 
operations described above in connection with equations (6) 
through (9) for each of the pixels that are to comprise part 
of the respective virtual input image g; After the Super 
resolution enhanced image generating System has completed 
the respective virtual input image g, it generates the value 
for the virtual prediction error image V using equation (3). 
After the Super-resolution enhanced image generating SyS 
tem has generated the Virtual prediction error image V, it 
will use the Virtual prediction error image to update the 
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estimate f of the unknown image f. The Super-resolution 
enhanced image generating System can repeat these opera 
tions for each of the input images 

igi 

0041) to update the estimate f. In addition, the super 
resolution enhanced image generating System can repeat the 
operations with the Some or all of the input images 

0042 and possibly also the base input image go, through 
one or more Subsequent iterations to further update the 
Super-resolution enhanced image estimate f. 
0043 FIG. 2 depicts a flow chart outlining operations 
that are performed by the Super-resolution enhanced image 
generating System 10 as described above in connection with 
FIG. 1 and equations (2) through (9) in connection with 
generating and updating the a Super-resolution enhanced 
image estimate f. The operations will be apparent to those 
skilled in the art with reference to the above discussion, and 
so the various steps outlined in the flow chart will not be 
described in detail herein 

0044. In one embodiment, the Super-resolution enhanced 
image generating System 10 is used in connection with 
demosaicing images that are associated with respective color 
channels of a CCD (charge coupled device) array that may 
be used in, for example a digital camera. Typically, a CCD 
array has a plurality of individual light Sensor elements that 
are arranged in a plurality of rows and columns, with each 
light Sensor element detecting the intensity of light of a 
particular color incident over the respective element's Sur 
face. Each Sensor element is associated with a pixel in the 
image, and identifies the degree of brightness of the color 
asSociated with that pixel. The Sensor element performs the 
operation of integrating the intensity of light incident over 
the Sensor element's area over a particular period of time, as 
described above. 

0045 For a CCD array that is to be used in connection 
with the Visual portion of the electromagnetic Spectrum, 
each two-by-two block of four light Sensor elements com 
prises light Sensor elements that are to Sense light of all three 
primary colors, namely, green red and blue. In each two 
by-two block, two light Sensor elements are provided to 
Sense light of color green, one light Sensor element is 
provided to Sense light of color red and one light Sensor 
element is provided to Sense light of color blue. Typically, 
the two light Sensor elements that are to be used to Sense 
light of color green are along a diagonal of the two-by-two 
block and the other two light Sensor elements are along the 
diagonal orthogonal thereto. In a typical CCD array, the 
green light Sensor elements are at the upper right and lower 
left of the block, the red light Sensor element is at the upper 
left and the blue light sensor element is at the lower right. It 
will be appreciated that the collection of Sensor elements of 
each color provides an image of the respective color, with 
the additional proviso that the two green Sensor elements in 
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the respective blockS define two separate input imageS. In 
that case, if, for example, the CCD array has “m” rows-by 
“n” columns, with a total resolution of m n (where “*” 
represents multiplication), the image that is provided by the 
respective Sets of green Sensors in the respective blocks will 
have a resolution of 4*mn, and the image that is provided 
by each of the red and blue sensors will have a resolution of 
/4 min. In the demosaicing operation, the Super-resolution 
enhanced image generating System generates a Super-reso 
lution enhanced image associated with each color channel, 
using information from the image that is associated with the 
respective color channel as well as the images that are 
asSociated with the other colors as input images. In this 
connection, the collection of light Sensor elements of the 
CCD array that is associated with each of the colors is a 
respective “image recording Sensor' for purposes of the 
Super-resolution enhanced image generating System, So that 
there will be four image recording Sensors and four input 
images, with one input image being associated with each of 
the image recording Sensors. The Super-resolution enhanced 
image that is generated by the Super-resolution enhanced 
image generating System for each of the color channels will 
have a resolution of m-by-n. The Super-resolution enhanced 
images generated for the various color channels by the 
Super-resolution enhanced image generating arrangement 
can then be used in generating a composite color image of 
higher resolution than the original image provided by the 
CCD array. 

0046) In the demosaicing operation, the Super-resolution 
enhanced image generating System actually generates four 
Super-resolution enhanced images, one Super-resolution 
enhanced image for each of the red and blue color channels, 
and two for the green color channel. For each Super 
resolution enhanced image, and with reference to the dis 
cussion above in connection with equations 3 through 12, 
the base input image go is the image provided by the 
collection of light Sensor elements associated with the 
respective color channel (with the two green light sensors in 
the respective blocks representing different color channels), 
and the other input images 

0047 (in this case, n=3) will be provided by the collec 
tion of light Sensor elements associated with the other three 
color channels, with the proviso, noted above, that the Sensor 
elements in the respective blocks that are associated with the 
green color define Separate channels for the demosaicing 
operation. For example, for the green channels, the base 
images go are the images that are provided by the green light 
Sensor elements of the respective positions in the blockS 
comprising the CCD array, and the red and blue input 
images 

0.048 will be provided by the collection of light sensor 
elements in the respective blocks that are associated with the 
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red and blue channels. Similarly with base image and other 
input imageS associated with each of the other color chan 
nels. 

0049. After the Super-resolution enhanced image gener 
ating System receives the four input images, it first uses the 
input images associated with the respective color channels to 
generate, for each color channel, an initial estimate f of the 
Super-resolution enhanced image f for the respective color 
channel. Accordingly, the Super-resolution enhanced image 
generating System uses the input image that is associated 
with the one of the green channels as the base image from 
which it generates the initial estimate f of the Super 
resolution enhanced image f that is associated with that 
green color channel, and Similarly for the other color chan 
nels. In one embodiment, for each of the red and blue color 
channels, as well as the other green color channel, the 
Super-resolution enhanced image generating System uses a 
linear interpolation as between points for the respective 
color channel in the array to provide initial pixel values for 
the array positions that are not provided by the CCD array. 
As mentioned above, the CCD array, in each two-by-two 
block of light Sensor elements, one red light Sensor element 
is provided at the upper left of the block. For the initial 
estimate f for the Super-resolution enhanced image that is 
asSociated with the red channel, the red light Sensor element 
in each block will provide the red channel pixel value that 
is associated with that pixel in the image that is associated 
with the red light Sensor element. The Super-resolution 
enhanced image generating System will generate red channel 
pixel values for the pixels that are associated with other three 
points in the block for which red light Sensor elements are 
not provided by interpolating between the pixel values 
provided by red light Sensor elements in neighboring blockS. 
The Super-resolution enhanced image generating System 
generates the blue channel pixel values and the other blue 
channel pixel values for the pixels that are associated with 
the three points in the block for which blue light sensor 
elements are not provided in a Similar manner. 
0050. As noted above, two green light sensor elements 
are provided in each block, one at the upper right and one at 
the lower left. In one embodiment, the Super-resolution 
enhanced image generating System also uses a linear inter 
polation for the points in the block for which green light 
Sensor elements are not provided. However, in this case, the 
Super-resolution enhanced image generating System will 
Select one of the green light Sensor elements in each block, 
and perform a linear interpolation between pixel values 
provided by the Selected green light Sensor element and one 
of the green light Sensor elements in adjacent blockS. For 
example, if the Super-resolution enhanced image generating 
System makes use of the green light Sensor element at the 
upper right of a block, in generating the pixel value for the 
point associated with the upper left of the same block, the 
Super-resolution enhanced image generating System makes 
use of the pixel value generated by the green light Sensor 
elements of that block and of the block to the left. In that 
case, in generating the pixel value for the point associated 
with the lower right of the same block, the Super-resolution 
enhanced image generating System makes use of the pixel 
value generated by the green light Sensor elements of that 
block and of the adjacent block down the array. In that 
embodiment, the Super-resolution enhanced image generat 
ing System will not use the pixel value generated by the other 
green light Sensor element in the block, in this example, the 
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green light Sensor element at the lower left corner of the 
block. Generating the initial estimate f for the green channel 
in this manner results in a Smooth initial estimate with 
Satisfactory properties in connection with convergence to a 
result associated with the green color channel having desir 
able characteristics. On the other hand, if pixel values 
provided by both of the green light Sensor elements in a 
block were to be used, the result associated with the green 
color channel may maintain Some of the artifacts from the 
initial estimate f. 

0051. After the Super-resolution enhanced image gener 
ating System has generated the initial estimate f for the 
respective color channels, it will project the initial estimate 
f that had been generated for the respective color channel 
back onto the input image for that color channel, thereby to 
generate the projected estimate image po for the respective 
color channel. The Super-resolution enhanced image gener 
ating System performs that operation, by convolving the 
initial estimate f with the PSF function for the CCD array 
that generated the input image for the respective color 
channel. The Super-resolution enhanced image generating 
System can then, for each color channel, use the projected 
image for the respective color channel, and the input images 
asSociated with the other channels to update the initial 
estimate f So as to provide the final Super-resolution 
enhanced image for the respective color channel. 

0.052 For clarity, the following description will be of 
operations that are performed by the Super-resolution 
enhanced image generating System to generate a Super 
resolution enhanced image for one of the color channels. It 
will be appreciated that the Super-resolution enhanced image 
generating System can generate a Super-resolution enhanced 
image for each of the color channels in the same way. It will 
further be appreciated that the Super-resolution enhanced 
image generating System can perform the operations to 
generate a Super-resolution enhanced image for each color 
channel consecutively, or it can perform the individual steps 
for the various color channels on an overlapped basis. 

0053. After the Super-resolution enhanced image gener 
ating system has projected the initial estimate f generated 
for a color channel back onto the input image for that color 
channel, thereby to generate a projected estimate image po 
for the color channel, it will select one of the other color 
channels whose input image gi will be used to update the 
initial estimate f. For example, if the Super-resolution 
enhanced image generating System is generating a Super 
resolution enhanced image for the green color channel, it 
will select one of the red or blue color channel whose 
asSociated the input image will be used in updating the initial 
estimate f for the green color channel. After the Super 
resolution enhanced image generating System has updated 
the initial estimate using the input image associated with the 
color channel that it first selected, it will select the other of 
the red or blue color channel, whose input image will be 
used in further updating the updated estimate f, thereby to 
generate the final Super-resolution enhanced image. For 
example, if the Super-resolution enhanced image generating 
System first Selects the red channel, after it has updated the 
initial estimate fusing the input image associated with the 
red channel, it will Select the blue channel and use its input 
image to further update the estimate, thereby to generate the 
final Super-resolution enhanced image. 
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0054. After the Super-resolution enhanced image gener 
ating System has selected a color channel whose input image 
g; will be used to update the initial estimate f, it will generate 
and initialize an array data Structure that will be used to 
receive values defining for the Virtual error image V. The 
Super-resolution enhanced image generating System will 
initialize the array data Structure to have number of array 
elements organized in rows and columns, the array having 
the same Structure as the arrays for the various input images 
and the Super-resolution enhanced image. The Super-reso 
lution enhanced image generating System initializes the 
values of the array elements to a predetermined number, 
which, in one embodiment, is Selected to be Zero. 
0055. After the Super-resolution enhanced image gener 
ating System has initialized an array data Structure to be used 
for the virtual error image V, it will perform a number of 
Steps to generate an error image V for the Selected color 
channel. In that operation, the Super-resolution enhanced 
image generating System initially divides both the projected 
input image p and the input image g for the Selected color 
channel into four Sub-images p and g; (i=0,1) (here the 
Subscripts are used to identify the particular Sub-image). In 
dividing each of the images p and g into a Sub-image, the 
pixel value corresponding to the pixel at location (q,r) of the 
respective image p, g provides the pixel value for the pixel 
at location (x,y) in the respective Sub-image pigs. Such that 

0056. After the Super-resolution enhanced image gener 
ating system has generated the various Sub-images p and 
gi, it will, for each pixel at location (x,y) in the respective 
Sub-image, generate the Weighted averages pi(x,y), gi(x,y), 
pigi;(x,y), p(x,y), and gi(x, y) in a manner described 
above in connection with equation (7). Thereafter, for each 
pixel at location (x,y) in the respective Sub-imageSp; and c; 
the Super-resolution enhanced image generating System gen 
erates the centralized and normalized cross-correlation c(x, 
y) and determines whether the value of c(x,y) is greater 
than the threshold value T. If the Super-resolution enhanced 
image generating system determines that the value of c(x,y) 
is greater than the threshold value T, it will generate values 
for “a” and “b' as described above in connection with 
equation (8) and Set the value of the element at location 
(2x+i.2y+j) of the data structure established for the error 
image to 

0057) It will be appreciated that, in equation (16), “ag(x, 
y)+b' corresponds to the pixel value of the pixel at location 
(x,y) of the virtual input image gas described above in 
connection with equation (4) and So equation (16) corre 
sponds to equation (3) above. 
0058. It will be appreciated that, since, the Super-resolu 
tion enhanced image generating System makes use of equa 
tion (16) only if the value of the cross-correlation cit is 
greater than the threshold value, for those locations for 
which the value of the cross-correlation is not greater than 
the threshold value, the value in the element of the data 
Structure for established for the error image will remain Zero, 
which is the desired result Since, as noted above, if the value 
of the cross-correlation cit for particular location (x,y) is less 
than or equal to the threshold value, the pixel at that location 
in the Virtual input image is assigned the value of the pixel 
of the projected image at that location. 
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0059. The Super-resolution enhanced image generating 
system performs the operations described above for all of 
the pixels at locations (x,y) of the all of the respective 
Sub-images p and g to populate the array provided for the 
error image V. Thereafter, the Super-resolution enhanced 
image generating System uses the pixel values comprising 
the array for the error image V to update the initial estimate 
f. In that operation, the Super-resolution enhanced image 
generating System initially performs a convolution operation 
to convolve the error image V with the PSF function. 
Thereafter, the Super-resolution enhanced image generating 
System can multiply the convolved error image with a 
Sharpness parameter, and will add the result to the initial 
estimate f, thereby to provide the estimate as updated for the 
Selected color channel. In one embodiment, the value of the 
Sharpness parameter is Selected to be between “one' and 
“two, although it will be appreciated that other values may 
be selected. 

0060. After the Super-resolution enhanced image gener 
ating System has generated the estimate as updated for the 
Selected color channel, it can Select the other color channel 
and perform the operations described above to further 
update the estimate and provide the final Super-resolution 
enhanced image. AS noted above, the Super-resolution 
enhanced image generating System can also perform the 
Same operations to generate a Super-resolution enhanced 
image for each of the color channels. 
0061 FIG. 3 depicts a flow chart outlining operations 
that are performed by the Super-resolution enhanced image 
generating arrangement as described above in connection 
with performing a demosaicing operation. The operations 
will be apparent to those skilled in the art with reference to 
the above discussion, and So the various Steps outlined in the 
flow chart will not be described in detail herein. 

0062) The invention provides a number of advantages. In 
particular, the invention provides a System that generates an 
Super-resolution enhanced image of a Scene from a plurality 
of input images of the Scene, which input images may have 
been recorded using two or more image recording Sensors. 
The System may be used for a number of applications, 
including but not limited to the demosaicing application 
described herein. 

0.063. It will be appreciated that a number of changes and 
modifications may be made to the Super-resolution enhanced 
image generating System as described above. For example, 
the Super-resolution enhanced image generating System can 
be used in connection with a demosaicing operation to 
generate demosaiced images that were provided using image 
recording Sensors for different colors than those described 
above, or that are Sensitive to different parts of the electro 
magnetic Spectrum. In addition, the Super-resolution 
enhanced image generating System can be used in connec 
tion with a demosaicing operation to generate demosaiced 
images that were provided using image recording Sensors 
having different patterns of light Sensing elements. 
0064. In addition, although the projected image 
p;=B,(W(f)) may be generated using the warping operator 
W, followed by the blurring operator B, it will be appre 
ciated that the projected image p, may be generated using the 
blurring operator B followed by the warping operator W, or 
by Selected one or more of the respective warping, blurring 
and/or decimation operators. 
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0065. Furthermore, although a methodology has been 
described for generating the initial estimate f for the Super 
resolution enhanced image, it will be appreciated that any of 
a number of other methodologies may be used. 
0066. In addition, although the demosaicing operation 
has been described in connection with a CCD Sensor array, 
it will be appreciated that the operation can be performed in 
connection with any Sensor arrays, including but not limited 
to a CMOS array. 
0067 Furthermore, although the Super-resolution 
enhanced image generating System has been described as 
generating a Super-resolution enhanced image in the case in 
which the relation among the intensities of the various input 
images is affine, it will be appreciated that Similar operations 
can be performed if the intensities have other relations, 
including but not limited to logarithmic, trigonometric, and 
So forth, with an appropriate adaptation of the normalized 
cross-correlation as a measure of fit. 

0068. It will be appreciated that a system in accordance 
with the invention can be constructed in whole or in part 
from Special purpose hardware or a general purpose com 
puter System, or any combination thereof, any portion of 
which may be controlled by a Suitable program. Any pro 
gram may in whole or in part comprise part of or be Stored 
on the System in a conventional manner, or it may in whole 
or in part be provided in to the System over a network or 
other mechanism for transferring information in a conven 
tional manner. In addition, it will be appreciated that the 
System may be operated and/or otherwise controlled by 
means of information provided by an operator using opera 
tor input elements (not shown) which may be connected 
directly to the system or which may transfer the information 
to the System over a network or other mechanism for 
transferring information in a conventional manner. 
0069. The foregoing description has been limited to a 
Specific embodiment of this invention. It will be apparent, 
however, that various variations and modifications may be 
made to the invention, with the attainment of Some or all of 
the advantages of the invention. It is the object of the 
appended claims to cover these and Such other variations 
and modifications as come within the true Spirit and Scope of 
the invention. 

What is claimed as new and desired to be secured by Letters 
Patent of the United States is: 
1. A Super-resolution enhanced image generating System 

for generating a Super-resolution-enhanced image from an 
image of a Scene, identified as image go, comprising a base 
image and at least one other image g; the System comprising: 
A an initial Super-resolution enhanced image generator 

module configured to use the image go to generate a 
Super-resolution enhanced image estimate; 

B. an image projector module configured to Selectively 
use a warping, a blurring and/or a decimation operator 
associated with the image g to generate a projected 
Super-resolution enhanced image estimate; and 

C. a Super-resolution enhanced image estimate update 
generator module configured to use the input image g; 
and the Super-resolution enhanced image estimate to 
generate an updated Super-resolution enhanced image 
estimate. 



US 2004/OOO8269 A1 

2. A Super-resolution enhanced image generating System 
as defined in claim 1, the System being configured to 
generate the Super-resolution enhanced image in relation to 
a plurality of other images identified as images 

{gil 1, 

the System further comprising an image Selector module 
configured to Select one of the images 

the image projector module being configured to Selectively 
use the warping, a blurring and/or a decimation operator 
asSociated with the image g, Selected by the image Selector 
module to generate a projected Super-resolution enhanced 
image estimate, the Super-resolution enhanced image esti 
mate update generator module being configured to use the 
Selected input image g; and the Super-resolution enhanced 
image estimate to generate an updated Super-resolution 
enhanced image. 

3. A Super-resolution enhanced image generating System 
as defined in claim 2 further comprising a control module 
configured to control the image Selector module, image 
projector module, and the Super-resolution enhanced image 
update generator to operate in Successive iterations using 
respective ones of the images 

{gil 1, 

in each iteration, the image projector module using the 
updated Super-resolution enhanced image generated during 
the previous iteration as the Super-resolution enhanced 
image estimate for the respective iteration. 

4. A Super-resolution enhanced image generating System 
as defined in claim 2 in which the Super-resolution enhanced 
image estimate update generator is configured to generate at 
least one parameter in connection with a least Squares 
estimate between the Selected input image and the projected 
Super-resolution enhanced image estimate. 

5. A Super-resolution enhanced image generating System 
as defined in claim 4 in which the Super resolution enhanced 
image estimate update generator is configured to generate 
the Super-resolution enhanced image update estimate, for the 
Selected input image 

in accordance with a virtual input image g; defined by 

where “a” and “b' are parameters associated with respec 
tive pixel location (x,y) defined by 
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and where p(x,y), g(x,y), pg.(x,y), p(x,y), and g(x,y) 
are weighted averages around the pixel at coordinates 
(x,y) in the respective image projected Super-resolution 
enhanced image estimate p, or the input image gi. 

6. A Super-resolution enhanced image generating System 
as defined in claim 5 in which the Super resolution enhanced 
image estimate update generator is configured to generate 
the weighted averages in accordance with 

-ksit, vsk 

-ksit, vsk 

-ksit, vsk 

and So forth, where “w(u,v) is a weighting kernel and 
“(u,v)' defines a region R around the respective pixel at 
location “(x,y).” 

7. A Super-resolution enhanced image generating System 
as defined in claim 5 in which the Super resolution enhanced 
image estimate update generator is further configured to 
generate the Super-resolution enhanced image update esti 
mate, for the Selected input image 

{gil 1, 

in accordance with a cross-correlation value c(x,y) gener 
ated for respective a pixel at location (x,y) in the respective 
image defined by 

pigi (x,y)-p; (x, y)gi (x, y) 

and a Selected threshold value. 
8. A method of generating a Super-resolution-enhanced 

image from an image of a Scene, identified as image go, 
comprising a base image and at least one other image gi, the 
System comprising: 

A an initial Super-resolution enhanced image generation 
Step of using the image go to generate a Super-resolution 
enhanced image estimate; 

B. an image projection Step of using a warping, a blurring 
and/or a decimation operator associated with the image 
g to generate a projected Super-resolution enhanced 
image estimate; and 

C. a Super-resolution enhanced image estimate update 
generator module configured to use the input image g; 
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and the Super-resolution enhanced image estimate to 
generate an updated Super-resolution enhanced image 
estimate. 

9. A method as defined in claim 8, the method being 
configured to generate the Super-resolution enhanced image 
in relation to a plurality of other images identified as images 

{gil 1, 

the method further comprising an image Selection Step of 
Selecting one of the images 

{gil 1, 

the image projection Step including the Step of Selectively 
using the warping, a blurring and/or a decimation operator 
asSociated with the Selected image g to generate a projected 
Super-resolution enhanced image estimate, the Super-reso 
lution enhanced image estimate update generation Step 
including the Step of using use the Selected input image g; 
and the Super-resolution enhanced image estimate to gener 
ate an updated Super-resolution enhanced image. 

10. A method as defined in claim 9 further comprising a 
Step of enabling the image Selection Step, the image projec 
tion step, and the Super-resolution enhanced image update 
generation Step to be performed in Successive iterations 
using respective ones of the images 

{gil 1, 

in each iteration, the image projection Step including the Step 
of using the updated Super-resolution enhanced image gen 
erated during the previous iteration as the Super-resolution 
enhanced image estimate for the respective iteration. 

11. A Super-resolution enhanced image generating method 
as defined in claim 10 in which the Super-resolution 
enhanced image estimate update Step includes the Step of 
generating at least one parameter in connection with a least 
Squares estimate between the Selected input image and the 
projected Super-resolution enhanced image estimate. 

12. A Super-resolution enhanced image generating method 
as defined in claim 11 in which the Super resolution 
enhanced image estimate update generation Step includes the 
Step of generating the Super-resolution enhanced image 
update estimate, for the Selected input image 

in accordance with a virtual input image g; defined by 

where “a” and “b' are parameters associated with respec 
tive pixel location (x,y) defined by 
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and where 

P(x, y), g;(x, y), Pig, (x, y), p(x, y), and g(x, y) 

are weighted averages around the pixel at coordinates 
(x,y) in the respective image p, or g. 

13. A Super-resolution enhanced image generating method 
as defined in claim 12 in which the Super resolution 
enhanced image estimate update generator is configured to 
generate the weighted averages in accordance with 

-ksit, vsk 

-ksit, vsk 

-ksit, vsk 

and So forth, where “w(u,v) is a weighting kernel and 
“(u,v)' defines a region R around the respective pixel at 
location “(x,y).” 

14. A Super-resolution enhanced image generating method 
as defined in claim 12 in which the Super resolution 
enhanced image estimate update generation Step includes the 
Step of generating the Super-resolution enhanced image 
update estimate, for the Selected input image {g}- ", in 
accordance with a cross-correlation value c(x,y) generated 
for respective a pixel at location (x,y) in the respective 
image defined by 

and a Selected threshold value. 
15. A computer program product for use in connection 

with a computer to provide a Super-resolution enhanced 
image generating System for generating a Super-resolution 
enhanced image from an image of a Scene, identified as 
image go, comprising a base image and at least one other 
image gi, the computer program product comprising a com 
puter-readable medium having encoded thereon: 
A an initial Super-resolution enhanced image generator 

module configured to enable the computer use the 
image go to generate a Super-resolution enhanced 
image estimate; 

B. an image projector module configured to enable the 
computer to Selectively use a warping, a blurring and/or 
a decimation operator associated with the image g to 
generate a projected Super-resolution enhanced image 
estimate, and 
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C. a Super-resolution enhanced image estimate update 
generator module configured to enable the computer to 
use the input image g, and the Super-resolution 
enhanced image estimate to generate an updated Super 
resolution enhanced image estimate. 

16. A computer program product as defined in claim 15, 
the System being configured to generate the Super-resolution 
enhanced image in relation to a plurality of other images 
identified as images 

{gil 1, 

the computer program product further comprising an image 
Selector module configured to enable the computer to Select 
one of the images 

{gil 1, 

the image projector module being configured to enable the 
computer to Selectively use the warping, a blurring and/or a 
decimation operator associated with the image g; Selected by 
the image Selector module to generate a projected Super 
resolution enhanced image estimate, the Super-resolution 
enhanced image estimate update generator module being 
configured to enable the computer to use the Selected input 
image g; and the Super-resolution enhanced image estimate 
to generate an updated Super-resolution enhanced image. 

17. A computer program product as defined in claim 2 
further comprising a control module configured to enable the 
computer to control processing of the image Selector mod 
ule, image projector module, and the Super-resolution 
enhanced image update generator to operate in Successive 
iterations using respective ones of the images 

{gil 1, 

in each iteration, the image projector module being config 
ured to use the updated Super-resolution enhanced image 
generated during the previous iteration as the Super-resolu 
tion enhanced image estimate for the respective iteration. 

18. A computer program product as defined in claim 16 in 
which the Super resolution enhanced image estimate update 
generator is configured to enable the computer to generate at 
least one parameter in connection with a least Squares 
estimate between the Selected input image and the projected 
Super-resolution enhanced image estimate. 

19. A computer program product as defined in claim 18 in 
which the Super resolution enhanced image estimate update 
generator is configured to enable the computer to generate 
the Super-resolution enhanced image update estimate, for the 
Selected input image 
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in accordance with a virtual input image g; defined by 

where “a” and “b' are parameters associated with respec 
tive pixel location (x,y) defined by 

and where p(x,y), g(x,y), pg.(x,y), p. (x, y), and g(x,y) 
are weighted averages around the pixel at coordinates 
(x,y) in the respective image projected Super-resolution 
enhanced image estimate p, or the input image gi. 

20. A computer program product as defined in claim 19 in 
which the Super resolution enhanced image estimate update 
generator is configured to enable the computer to generate 
the weighted averages in accordance with 

| pigi (x, y) 
p(x, y) 1 

-ksit, vsk 

-ksit, vsk 

-ksit, vsk 

and So forth, where “w(u,v) is a weighting kernel and 
“(u,v)' defines a region R around the respective pixel at 
location “(x,y).” 

21. A computer program product as defined in claim 19 in 
which the Super resolution enhanced image estimate update 
generator is further configured to enable the computer to 
generate the Super-resolution enhanced image update esti 
mate, for the Selected input image 

{gil 1, 

in accordance with a cross-correlation value c(x,y) gener 
ated for respective a pixel at location (x,y) in the respective 
image defined by 

and a Selected threshold value. 


