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and generating a ?rst color based on the ?rst variance Weights
and adjacent pixel values of the ?rst color. The second process
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METHOD FOR RECONSTRUCTION OF
PIXEL COLOR VALUES

[0007]

Moreover, the inventor has found that correct appli

cation of the algorithm Will not remove fundamental signal
noise. Rather, it Will prevent enhancing of the noise. In par

ticular, the inventor has recogniZed the corresponding behav
[0001] The priority bene?ts of the Oct. 10, 2002 ?ling dates
of US. provisional applications Ser. Nos. 60/417,142 and
60/417,152 are hereby claimed.
BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention
[0003] The present invention relates to a method and appa
ratus for object-based color reconstruction in a multi-color

based sensor arrangement through maintaining coherence
Within objects and along edges, and a computer program and
computer program product for controlling such method, and
an image sensing facility comprising such apparatus. In par
ticular, the invention relates to a method for executing object
based color reconstruction in a multi-color matrix-based sen

sor arrangement that estimates color value through
determining local gradients among various luminance com
ponent values assessed.

[0004]

2. Description of RelatedArt

[0005]

Multi-color matrix-based sensor arrangements that

include color sensors that have one ?rst luminance compo

nent sensed at a relatively higher spatial frequency and tWo
further chrominance components sensed at relatively loWer

spatial frequencies are coming in rapidly expanding use.
Fields of application include digital cameras, digital cinema
tography, video cameras, scienti?c imaging, broadcast cam
eras, surveillance, security monitoring, and various others.
NoW generally, each object point translates into a single-color
of the corresponding image pixel. Inasmuch as, in the result
ing image each pixel lacks tWo of the three sensor colors,
reconstruction of three-color pixels requires an appreciable
amount of processing. HoWever, in earlier realiZations, the
resulting reconstructed array often had arti?cially colored,
noise-enhanced, or blurred edges. In consequence, there
exists a groWing need to provide for an algorithmic procedure

that Will provide high-quality estimations for the color values
of pixels that Were originally sensed in a single color only,

ior of the gradients among the various sensed colors.
SUMMARY OF THE INVENTION

[0008]

In consequence, amongst other things, it is an object

of the present invention to use such corresponding behavior to
attain an improved result against an investment of only a

limited amount of processing complexity.

[0009] By itself, co-pending patent application by the
present inventor, titled “Method And Apparatus For Adaptive
Pixel Correction Of A Multi-Color Matrix,” identi?ed by
Attorney Docket No. 12546 and assigned to the same

assignee as the present application relates to the adaptive

correcting of defective pixels and is incorporated herein by
reference. The adaptive pixel correction of a multi-color
matrix is based on soft decisions across the various color

planes, and in particular based on taking into account the
spatial response pattern of the human visual system. The
result of the co-pending application may be taken as a starting

point for applying the present invention, but such represents
no express restriction.

[0010]

A method for object-based color reconstruction in a

multi-color matrix-based sensor arrangement is based on
color sensors that have one ?rst color sensed at a relatively

higher spatial frequency and tWo further colors sensed at

relatively loWer spatial frequencies.
[0011] In particular, the method executes the folloWing
steps. A particular pixel not sensed in said ?rst color has its

?rst color value estimated through determining local gradi
ents (82) among various ?rst color values assessed, and in
accordance With such gradients such estimating is executed

through interpolating (84, 86) along relatively stronger edge
informations. For a particular pixel not sensed in a particular
further color that further color’s value is estimated in a direc

tion along With relatively smaller differences evaluated in the
?rst color (94, 96). Advantageously, the method has the abil

Whilst requiring to access only a minimal memory facility and
minimal poWer consumption, needing to access only a small

ity for limiting noise propagation.

number of image lines/columns at a time, and being indepen

invention a method includes a ?rst process for a ?rst pixel and

dent of other DSP-based (i.e., Digital Signal Processing

a second process for the ?rst pixel. The ?rst process includes
extracting a ?rst kernel from a multi-color matrix, generating
?rst variance Weights from the ?rst kernel, and generating a
?rst color based on the ?rst variance Weights and adjacent
pixel values of the ?rst color. The second process includes
extracting a second kernel from the multi-color matrix, gen
erating second variance offsets from the second kernel, and

based) algorithms, such as those for removing false colors or
correcting color balance, overall in?uencing of hue or lumi
nance, or others. As Will be discussed more extensively here

inafter, the present embodiment generally utiliZes only a
small data kernel of optimally 5><5 pixels for Green, or mini
mally 3x3 pixels for Red and Blue. It Will generally minimiZe
perceptional error, it reconstructs frequencies above the
Nyquist frequency, it has much loWer color aliasing than

many other algorithms, it Will hardly expand existing defects,
and it Will only be marginally affected by image noise.
[0006] United States Patent Application Publication 2002/
0063789 A1 to Acharya et al and published on May 30, 2002
discloses a Color Filter Array and Color Interpolation Algo
rithm, and uses a classi?cation to determine Which pixels it
Will use in the interpolation. The present invention in contra
distinction uses a soft decision method that is useful for

adaptive adjusting for variations in system noise. Moreover,
the reference singles out a very particular matrix design With
a very high percentage of 75% Green pixels sensed. The
present invention is much Wider applicable.

[0012]

NoW therefore, according to one of its aspects the

generating a second color based on the second variance off

sets and an adjacent pixel of the second color.
[0013] The invention also relates to a computing machine
that includes a processor and a memory. The memory stores a

?rst module for controlling the processor to perform a ?rst
process for a ?rst pixel. The ?rst process includes extracting
a ?rst kernel from a multi-color matrix, generating ?rst vari
ance Weights from the ?rst kernel, and generating a ?rst color
based on the ?rst variance Weights and adjacent pixel values
of the ?rst color. The memory further stores a second module

for controlling the processor to perform a second process for
the ?rst pixel. The second process includes extracting a sec

ond kernel from the multi-color matrix, generating second
variance offsets from the second kernel, and generating a
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second color based on the second variance offsets and an

adjacent pixel of the second color.

[0026] LikeWise, FIG. 3 illustrates the deriving of the ver
tical Green gradient or vertical Green edge indicator 6V. For
the time being, the pixels assigned to other colors Will be
ignored. In certain alternative environments, it may be advan

[0014] The invention also relates to a computer readable
medium having stored thereon a plurality of modules for
controlling a processor. The plurality of modules includes a

tageous to de?ne the kernel as having a size of 3x3 pixels

?rst module and a second module. The ?rst module is for
controlling the processor to perform a ?rst process for the ?rst

and 27 in FIG. 3, respectively. Apparently, the respective

only, through using the tWo arroWs numbered 23 in FIG. 2,

pixel. The ?rst process includes extracting a ?rst kernel from
a multi-color matrix, generating ?rst variance Weights from
the ?rst kernel, and generating a ?rst color based on the ?rst

kernels for horizontal and vertical determinations Will not
anymore coincide here.

variance Weights and adjacent pixel values of the ?rst color.
The second module is for controlling the processor to perform

local edge direction is determined and a Green value for the

[0027]

Then, in a relatively simplistic implementation a

a second process for the ?rst pixel. The second process
includes extracting a second kernel from the multi-color

missing central point is estimated as folloWs: if oVis relatively
larger, interpolate horizontally betWeen tWo nearest green

matrix, generating second variance offsets from the second

neighbors; if 6H is relatively larger, interpolate vertically

kernel, and generating a second color based on the second
variance offsets and an adjacent pixel of the second color.
[0015] Further advantageous aspects of the invention are as
disclosed and claimed herein.
BRIEF DESCRIPTION OF DRAWINGS

[0016]

The invention Will be described in detail in the fol

loWing description of preferred embodiments With reference
to the folloWing ?gures Wherein:
[0017]

FIG. 1 is a schematic vieW of a Bayer matrix of

betWeen tWo nearest green neighbors, and if 6H and 6,, are

roughly equal, interpolate linearly betWeen all four nearest
neighbors of the missing Green pixel. Of course, the deter
mining of the being “roughly” equal alloWs to introduce a
certain amount of ?exibility into the algorithm. The logical
method presented here demonstrates the functioning of the
actual algebraic method.
[0028]

A fuller realization as an algebraic expression for

the interpolated green pixel is:

image points;
[0018]

FIG. 2 is a schematic vieW of the deriving of the

horizontal Green gradient;
[0019]

FIG. 3 is a schematic vieW of the deriving of the

vertical Green gradient;
[0020]

FIGS. 4a, 4b are schematic vieWs of the relevance of

the eight possible Green directions;
[0021] FIG. 5 is a graph of a ?lter characteristic diagram for
removing false color responses; and
[0022] FIG. 6 is a schematic block diagram of a hardWare

implementation of the present invention.
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0023]

FIG. 1 illustrates a Bayer matrix of image points for

use With the present invention. Alternatively, other arrange
ments couldbe used, such as throughusing subtractive colors,
such as cyan, magenta, and yelloW, or through various other
published embodiments. As shoWn, the matrix has Green

pixels arranged according to a chessboard organization. The
remaining pixels have been used for Red pixels in odd roWs
and Blue pixels in even roWs.

[0024]

NoW, the intended end result of the reconstruction

embodiment is three complete images of Red, Green, and

Blue pixel values, respectively, Where the original recording
did yield less than three values for each respective pixel,
according to the pixel pattern for the respective single color. It
is knoWn from advance that at each pixel location, tWo values
must be estimated. In practice, the application most favored is
to a Bayer pattern Wherein the green pixels form a chessboard
pattern, While the non-green ?elds have alternating red and
blue values in the diagonal directions.

[0025] Therefore, ?rst the Green matrix Will be completed.
In this respect, FIG. 2 illustrates the deriving of the horizontal
Green gradient or horizontal green edge indicator 6H in a
preferred kernel pattern of 5x5 pixels according to the aver

Wherein kH:l—6kH/(6kH+5k1/), and likeWise, for the vertical
parameter. Herein, a greater value of exponent constant k

increases the algorithm’s sensitivity to the differences in 6H
and 6V.
[0029] The algebraic expressions offer more bene?ts than
just for presentation. The non-linear combination of the edge
indicators can be adjusted With the value of k to either empha
size edge clarity in loW-noise situations, or rather avoid the

enhancing of the noise While still maintaining minimal color
aliasing in high-noise situations. Therefore, k has a tWo-sided
adaptive effect on the algorithm. With small values (between
1 and 2) noise Will be adaptively minimized Whilst ensuring
that edges Will have none to minimal color aliasing. On the
other hand, With larger values for k in loW-noise situations,
more emphasis can be put on removing all color aliasing

Whilst enhancing edge continuity and sharpness. Further, the
use of ?ve arroWs in FIGS. 2 and 3, instead of the minimal
number of one, alloWs reconstruction of frequencies up to

tWice the Nyquist frequency fN (i.e. the spatial sample fre
quency) in both vertical and horizontal directions. In case of
the smaller kernels, the limit Would lie at the Nyquist fre
quency.

[0030] After having completed the Green array Gl-J, the
missing points in the Red and Blue images Will be estimated.
For a Green sample on a Green-Blue roW, the horizontal

neighbors are Blue and the vertical neighbors are Red. First
the Red value is sought for. To ensure the continuity of the

object recorded at the givenpoint, the vertically closest Green
value to the actual pixel is determined and then its associated
Red value copied to the actual pixel. For Blue, among the tWo
neighbors, the horizontally closest Green value to the actual
pixel is determined and then its associated Blue value copied
to the actual pixel.
[0031] For a Blue sample, one approach is to choose among

age absolute differences betWeen pixels pairs joined by an

the four diagonally adjacent Red values, Whilst using the

arroW, according to:

respective Green differences shoWn in FIG. 4b, as folloWs:
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i.e. add the minimum Green difference to the Red value, and

[0036]

correspondingly:

appropriate Green value for the pixel in question, as folloWs.
First, in block 80, the system extracts in a kernel of 5x5 pixels
disclosed earlier the sensed Green pixels. In block 82, the

If not, the system Will undertake to reconstruct an

horiZontal and vertical variance parameters are derived. In

block 84, the horiZontal and vertical Weight generating func
tions are derived, through also receiving the actual value of
A corresponding version applies to the missing Blue values at
pixels that Were sampled Red.

[0032] NoW, although the color reconstruction according to
the present invention’s embodiment Will generally be correct,
the particular arrangement of the Bayer matrix, in combina
tion With non-ideal optical image loW-pass ?ltering and sys
tem noise can cause some false color responses. Heuristically,

the folloWing description is given. The sampling of a scene
through a Bayer matrix Will cause tWo major sampling errors,
as folloWs: (a) The relative displacement betWeen green, red
and blue samples introduces a phase error betWeen the vari
ous colors; (b) The sampling frequencies of Red and Blue are
relatively loWer than that of Green. This is perceptually
advantageous, because the human eye’s chroma and hue reso
lution is relatively less than its luminance resolution. On the
other hand, this introduces different aliasing responses for
Green versus for Red/ Blue, in particular, inasmuch as Green
Will attain a better high-frequency response. Although this
may cause false-color spikes and the like, such phenomenon
is relatively rare. Such spikes can be considered high-fre

quency chromatic points, and loW-pass ?ltering Would gen
erally remove them. In fact, a chroma image can be estimated
through tWo Green differences

[0033]

In this respect, FIG. 5 shoWs the intended frequency

the exponent k from block 74, as discussed earlier. Finally, in
block 86, the system calculates a product of the sum Weights

and the horiZontally and vertically sampled Green pixels.
With the so reconstructed Green pixel, the system then pro
ceeds to mixer/accumulator 112 Whilst in block 114 storing
the result and in block 116 detecting Whether the end of the
image had been reached, Which for the time being is not so.
[0037] Ifin block 64 the sample is not Green, so in block 66
the system shifts by one roW and one column and checks for

a Red pixel. If no, the pixel thus being Blue, the system Will
undertake to reconstruct a Red pixel. First, in block 90, the
Red pixels are extracted in a 3x3 kernel as shoWn earlier, as

Well as the Green pixels corresponding thereto. Next, in block

92, the system generates obj ect-based parameters for
sampled Red pixels in the kernel. Next, in block in block 94,
the system generates Weights for the obj ect-based parameter,
Whilst again using the actual value of exponent k received
from block 74. Finally, in block 96, a sum of the products of

Weights and measured Red pixels in the kernel generates the
Red pixel value. Finally, in block 110, the system checks
Whether the sample pixel Was Blue. If yes, the Way to mixer
facility 112 lies open. If no, the system reverts to the blue
reconstructing column further to the right. The various blocks
100 through 106 for this column correspond to their respec
tive counterparts in the middle column, and further extensive
discussion thereof is omitted. This column is also entered
from block 68 if the sampled pixel Were Red itself.

response of a chroma ?lter. The design of such a-?lter that has

[0038]

been shoWn in solid lines is dependent on the system’s optical
loW-pass ?ltering as Well as on system noise. Ideally, it Will be
designed to minimiZe the loss of image information and at the

Generally, after numerous rounds through the

same time maximiZe the removal of false colors. To an appre

reconstructing columns, the ansWer in block 116 Will become
yes. This means that in block 118 the full RGB image Will
have been recovered; the remainder of the ?oW-chart imple
ments a feW largely cosmetic re?nements. In block 120, the

ciable extent, degradation in sharpness through the alpha

image is converted to an estimated color space With a chroma

?lter is mitigated through a beta-?lter shoWn in FIG. 5 in
dashed lines.
[0034] FIG. 6 illustrates a hardWare implementation of the

component applied. In block 122, a loW pass chroma ?lter is
used to substantially remove false colors. In block 124, the

present invention. NoW, the output of the co-pending appli

This Will in block 126 yield the reconstructed RGB image that
is subsequently presented to the DSP pipeline for further

cation referred to supra may be fed to a DSP pipeline 20 for
processing and/or transient storage, as the case may be. The

system executes a back conversion to the RGB color space.

usage.

DSP pipeline is fed by the image sensing facility, not shoWn

[0039]

for brevity, Whereas the pipeline itself has a suf?cient amount

a method may be regarded as having ?rst and second pro

of memory and processing facilities for implementing the
method according to the present invention. In addition
thereto, in block 70, the system Will evaluate the noise level in
the image, and therefrom in block 72 convert the noise level in
the k-factor considered supra. From a holding element 74, this

cesses for a ?rst pixel. For example, in the Bayer patterned
multi-color matrix, if the ?rst pixel is a Blue pixel, then the
?rst process computes a Green value for the pixel and the
second process computes a Red value for the pixel. The ?rst

k-factor is provided to such elements of the hardWare as are in

matrix. In the example discussed herein, the ?rst kernel is a 5
by 5 sub matrix of the Bayer pattern centered on the exem

need of it. Furthermore, for simplicity, command, control and
synchronization streams have been left out of the embodi

ment for brevity and optimum clari?cation.

As an example of the above described embodiment,

process includes extracting a ?rst kernel from a multi-color

plary Blue pixel. The ?rst process further includes generating
?rst variance Weights (e. g., AH, XV) from the ?rst kernel and

[0035] NoW, block 22 represents the captured Bayer image

then generating a ?rst color (Green, in this example) based on

information. In block 60, it is detected Whether the pixel in
question is at least 2 pixels aWay from the image edge. If not,
the procedure hereinafter Will not have enough data available,

the ?rst variance Weights and adjacent pixel values of the ?rst

so the process Will then move to the next pixel in block 62. In

?rst determining horiZontal and vertical gradient value aver
ages (e.g., 6H and 6V). The center of the ?rst kernel is the
exemplary Blue pixel, and the kernel includes ?rst and second

block 64, the system detects Whether the sample pixel is
Green.

color.

[0040]

The generating of the ?rst variance Weights includes
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side pixels of the ?rst color spaced apart horizontally. In this

[0045] Then, generating a second color (Red, in this
example) includes choosing a minimum value of the gradient

example, the ?rst color is Green, and the ?rst and second side
pixels are Green pixels of the kernel that are spaced apart
horizontally. To determine the horizontal gradient value aver

values (e.g., Agz), selecting the adjacent pixel (e.g., [i—l,j+l]

age (e.g., 6H), the ?rst process determines plural horizontal

depicted in FIG. 4b) of the second color (Red, in this

to the right and above the center of the second kernel as

gradients (e.g., pairs of tWo horizontally spaced Green pixels)

example) based on a gradient that corresponds to the mini

and then determines a gradient value for each gradient. A ?rst

mum value, and subtracting the minimum value (e.g., Agz)
from a pixel value (e.g., Rl-_ 1 J41) of the selected adjacent pixel
to determine the value for the second color (e.g., Rl-J) at the
center of the second kernel (e.g., the exemplary Blue pixel).

horizontal gradient value is determined by calculating an
absolute value of a difference betWeen a value of the ?rst side

pixel (a Green pixel in this example) and a value of the second

side pixel (another Green pixel in this example). The calcu

[0046] HoWever, if Ag4IAMZ-M then,

lation of the horizontal gradient value is repeated for each
horizontal gradient Within the ?rst kernel. Then, the ?rst
process calculates an average of the plural horizontal gradient
values to determine the horizontal gradient value average
(e.g., 6H). For example, ?ve horizontal gradient values are
determined for the gradients depicted in FIG. 2. Then, the

average is determined by summing the values and dividing by
5. The vertical gradient value average (e. g., 6V) is computed in

[0047]

a similar Way. See FIG. 3.

second kernels Were a Red pixel, the second process Would
determine a Blue value for the center pixel.

[0041]

The ?rst variance Weights include horizontal and

On the other hand, if the center of the ?rst and

vertical interpolation Weights (e.g., AH, XV). The ?rst process

[0048]

determines the horizontal and vertical interpolation Weights

the edge of the matrix Where a full kernel cannot be extracted)

based on the horizontal and vertical gradient value averages
and a predetermined exponent value, k. The horizontal inter

so as to determine all three color planes for each pixel. For a
second pixel, the method further includes a third process. The

polation Weight is calculated based on

third process includes extracting a third kernel (e.g., a 3 by 3
sub matrix centered on the second pixel) from the multi-color

hfl—6kH/(6I’H+6I’V),and
the vertical interpolation Weight is calculated based on

;"V;1_6kV(6kH+6kV)>
Where 253, is the horizontal gradient value average, okVis the
vertical gradient value average, and k is the predetermined
exponent value.
[0042] The second process includes extracting a second
kernel from the multi-color matrix. In the example discussed
herein, the second kernel is a 3 by 3 sub matrix of the Bayer
pattern centered on the exemplary Blue pixel. The second
process further includes generating second variance offsets

The method repeats for every pixel (except pixels on

matrix (e.g., the Bayer multi-color matrix described in this
example). The third process further includes generating third

variance offsets from the third kernel (e.g., Agz, Ag4, Ag6, and
Ags) in a process substantially the same as is described above
With respect to the second process, and generating a third
color (Blue in this example) based on the third variance off
sets and an adjacent pixel of the third color in a process
substantially the same as is described above With respect to
the second process.

[0049]

The value of the predetermined exponent, k, is

determined in step 72 (FIG. 6). The system noise level 70 is a
matrix of elements corresponding to the elements of the cap

tured Bayer image data, but representing system noise level.
jil-G andAg8:Giil,/>l_Gi,/')'

[0043] The second variance offsets are generated from the
second kernel. In the example discussed herein, the second
kernel is a 3 by 3 sub matrix of the Bayer pattern centered on

the exemplary Blue pixel. As discussed With respect to the
?rst process, a Green value has been calculated to become

associated With the exemplary Blue pixel, and associated With
each of the four Red pixels at the four comers of the second
kernel, as discussed herein. Also see FIG. 1. With these cal

culated Green values, second variance offsets (e.g., Agz, Ag4,
Ag6, and Ags) are determined based on the respective differ
ences betWeen the calculated Green values as depicted in

FIGS. 4a and 4b. Then, the second color (e.g., Red in this
example) is generated based on the second variance offsets
and an adjacent pixel of the second color.

[0044]

More speci?cally, generating the second variance

offsets includes determining diagonal gradients betWeen pix
els in the second kernel (e.g., [i,j] to [i—l,j+l], [i,j] to [i+l,

j+l], [i, j] to [i+l, j-l] and [i, j] to [i-l, j—l]) and then
determining gradient values of the ?rst color (Green in this

example)
corresponding to the gradients.

For example, a totally dark image could be captured in the
sensor and loaded into matrix 70, or an imaging device could

contain a group of light shielded pixels used to determine k.
An exemplary Way in Which k may be determined is to aver
age the noise value over all elements to determine an overall
average, and then compute a variance to this average over all

elements of the matrix. The variance becomes input to a look
up table Where the value of k is read as an output. In this Way,
different loads of the look up table can be used to emphasize

edge clarity in loW-noise situations and avoid enhancing
noise While maintaining minimal color aliasing in high-noise
situations.
[0050] After a full RGB image is recovered in block 118

(FIG. 6), the image in RGB space is converted to chroma
space (C' and C" as discussed above) in block 120. In block
122, the chroma components (e.g., C' and C") are ?ltered to
remove false colors and high frequency spikes in a loW pass
chroma ?lter (e. g., such as a moving WindoW of a 3 by 3 kernel
of elements Where the chroma value of the center point takes
up the average value over the 3 by 3 kernel). Then, in block

124, the chroma space image is converted back into RGB
space.

[0051] The processes described above for determining Red
and Blue values require that Green values be determined for
all pixels in the 3 by 3 kernel used to determine the Red values
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introduced in block 66. This permits Green values to be

What is claimed is:
1. A method for object-based color reconstruction in a
multicolor matrix-based sensor arrangement comprising

determined one roW and one column ahead of the determina

color sensors that have one ?rst luminance component sensed

tion of either Red or Blue values. Thus, When a 3 by 3 kernel
is extracted to determine the Red values or to determine the

at a relatively higher spatial frequency and tWo further
chrominance components sensed at relatively loWer spatial

or the kernel used to determine the Blue values. As can be
observed in FIG. 6, a one roW and a one column delay is

Blue values, the entire kernel already has the Green value
determined for each element of the 3 by 3 kernel. In this Way,
the process lends itself for implementation in a processor (be
it general purpose or DSP) or an Application Speci?c lnte

grated Circuit (ASIC), but it could alWays be implemented in
discrete circuits connected together. Regardless of the spe
ci?c technology involved, the above described method is
implemented in a computing machine of some form that
includes a processor and a memory. The memory stores a ?rst

module for controlling the processor to perform a ?rst process
for a ?rst pixel. The ?rst process includes extracting a ?rst
kernel from a multi-color matrix, generating ?rst variance
Weights from the ?rst kernel, and generating a ?rst color

based on the ?rst variance Weights and adjacent pixel values
of the ?rst color. The memory further stores a second module

for controlling the processor to perform a second process for
the ?rst pixel. The second process includes extracting a sec

ond kernel from the multi-color matrix, generating second
variance offsets from the second kernel, and generating a
second color based on the second variance offsets and an

adjacent pixel of the second color. The processor may be a

programmable processor that is controlled by programming
modules stored on a separate computer readable media or it

may be a ?xed designed that is controlled by the timing
generator of the processor.
[0052]

In the event that the processes are implemented on a

programmable computing machine (such as a general pur
pose processor or DSP), the details of above described
method are included in program modules stored on a com

puter readable media. The computer readable media has
stored thereon a plurality of modules for controlling a pro
cessor. The plurality of modules include ?rst and second
modules. The ?rst module controls the processor to perform

fancies, for a particular pixel not sensed in said ?rst lumi
nance component estimating its ?rst color value through
determining local gradients among various ?rst luminance
component values a said method being characterized by

executing the folloWing steps:
and in accordance With such local gradients executing such

estimating through along relatively stronger edge infor
mations, interpolating With a relatively greater Weight
factor, in favor over interpolating along relatively
Weaker edge informations With a relatively lesser Weight

factor,
and for a particular pixel not sensed in a particular further

chrominance component value estimating that further
chrominance component’s value in a direction along
With relatively smaller differences evaluated in said ?rst
luminance component.
2. A method as claimed in claim 1, Wherein further chromi
nance component’s values of said particular pixel are inter
polated using neighboring pixels’ information as based on
Whether they are situated Within a same imaged object.
3. A method as claimed in claim 1 and applied to a Bayer
matrix Wherein said ?rst luminance component is green.
4. A method as claimed in Clam 2, When said ?rst lumi
nance component’s value is estimated on the basis of a 5x5

pixel kernel centered on said particular point.
5. A met as claimed in claim 1, Whilst through exponential

gradient values adjusting an exponent value (k) for empha
siZing edge clarity in a loW-noise situation, or rather limiting
noise propagation Whilst still mitigating for color aliasing.
6.A method as claimed in claim 1, Whilst adding a loW-pass

?lter step after estimating non-sampled colors for mitigating
false-color spikes.

a ?rst process for a ?rst pixel. The ?rst process includes

7. A method as claimed in claim 6, Whilst supplementing

extracting a ?rst kernel from a multi-color matrix, generating
?rst variance Weights from the ?rst kernel, and generating a
?rst color based on the ?rst variance Weights and adjacent
pixel values of the ?rst color. The second module controls the
processor to perform a second process for the ?rst pixel. The
second process includes extracting a second kernel from the

said loW pass ?lter step With relatively enhancing spatial high
frequencies relatively far from said loW-pass ?lter’s discrimi
natory frequency for edge sharpness enhancement FIG. 5).

multi-color matrix, generating second variance offsets from

9. A computer program product as being represented With
a tangible read-only computer memory medium or being
carried by an electrical signal, and comprising program

the second kernel, and generating a second color based on the
second variance offsets and an adjacent pixel of the second
color.

[0053] Having described preferred embodiments of a novel
method and apparatus for reconstructing pixel color values
(Which are intended to be illustrative and not limiting), it is
noted that modi?cations and variations can be made by per
sons skilled in the art in light of the above teachings. It is
therefore to be understood that changes may be made in the
particular embodiments of the invention disclosed Which are
Within the scope and spirit of the invention as de?ned by the

appended claims.
[0054]

Having thus described the invention With the details

and particularity required by the patent laWs, What is claimed

8. A computer program comprising program instruction for
controlling a computer to implement a method according to
one of claim 1.

instructions for controlling a coWer to implement a method
according to one of claim 1.

10. An apparatus being arranged for implementing a
method as claimed in claim 1.
11. An apparatus according to claim 10, and executed as a

?lter facility for limiting noise propagation.
12. An image facility comprising an image forming facility
for forming an image on an as claimed in claim 10, and

furthermore comprising a memory facility fed by said appa
ratus, processing means for dynamically interacting With
pixel values in said memory and user output means for out
putting a reconstructed user image.

and desired protected by Letters Patent is set forth in the

appended claims.
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