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A NEW SCALING ALGORITHM FOR EFFICIENT COLOR
REPRESENTATION/RECOVERY IN VIDEO

BACKGROUND OF THE INVENTION -

1. Field of the Invention
The invention relates generally to image processing. More specifically, the

invention relates to image scaling and color interpolation/recovery.

2. Description of the Related Art

A digital image of a scene/environment has a particular size which is defined by
the number of rows and columns of pixels (individual color/intensity points) that it
contains. The image size or "resolution"” is thus expressed as the number of columns
multiplied by the number of rows. For instance, an image with a resolution of 768 x
576 has 768 columns and 576 rows of pixels for a total of 442,368 pixels.

Often, the original size of an image as captured by an imaging device suchasa -
camera or as later represented is too large for a particular application. While a larger |
resolution image contains more image information (more pixels per area) and is likely of
a more desirable visual quality than a lower resolution image, bandwidth, memory and
other constraints may dictate that a lower resolution image be used. For certain devices,
such as digital cameras, it may be desirable to reduce its overall cost by utilizing a
smaller resolution image so that the required storage component in the device is also
smaller. In the context of videoconferencing, for instance, certain standardized image
formats such as QCIF (Quarter Common Intermediate Format) have been defined so
that receiving and transmitting nodes do not have to be concerned with converting
discordant image sizes. In videoconferencing, it is often desirable to maintain a certain

"frame" rate (the rate at which individual image frames are received and/or rendered for
output). To maintain this frame rate, formats such as QCIF have been defined which
are typically smaller than most captured digital image sizes, particularly those captured
from certain digital cameras. Since an image may not be originally the same resolution as
that desired by a particular application, a process known as image scaling is employed.
When an image is scaled "up," its size is increased and when it is scaled "down" its size
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is reduced. Hereinafter, when referring to "scaling” or "scaled image", down scaling or
reduction in image size is the intended .ineaning-and usage of those terms.

The scaling of an image should be distinguished from image cropping, where the
resolution is reduced by cutting out a portion of the image.- Scaling implies that while
the size of the image is reduced, the entire scene/environment in the unscaled image
(hereinafter variously referred to as "original” or "unscaled" image) is maintained in great
majority. The scene from the original image remains coniplete but is represented in a
lower resolution after scaling. |

'Image scaling has been achieved in the art in several ways. The most common
scaling technique averages pixels in particular image region in équal weighting and then
"decimates" or throws away entire pixels in the region, thereby generating a pixel in the
scaled image. The averaged pixel replaces an entire region of pixels, with the replaced
region not necessarily the same size as the averaging _regidn. For instance, consider a 2:1
scaling procedure where each two by two region of pixels in the original image is to be
replaced by a single pixel in the scaled image. When deterknining the value of the scaled
image pixel, it may be desirable to average together a larger region than the 2 by 2 region
of replacement, such as a 3 by 3 neighborhood. In such an instance, the "sampling"
region (3x3) is said to be larger than the "scaling” region (2x2) and may be useful in
ensuring that more of the image is considered so that features that start in the scaling
region and bleed over past the scaling region are given the proper consideration. An
averaging method where each pixel in the sampling region is given equal weighting
however is deficient in several regards. Primarily, the equal averaging of pixels has the
effect of losing much of the original image information. Equal weight averaging does
little to identify image features, since it treats all parts of the image region identically
and then decimates all pixels.

In addition to image scaling, another, typically i‘n_dependent, image processing
technique called color interpolation is employed to recover the missing colors in a pixel
location generated by an image sensor as explained below. In digital still and video
cameras and certain other imaging devices, raw images are first represented as
rectanguiar row and column of pixels with each pixel having the intensity value of a
particular color only. In the case of RGB (Red, Green and Blue) sub-sampling imaging
devices, images are obtained and stored in a "Bayer" pattern. The Bayer pattern, when
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three color planes aré :S:tib-sampled using a color filter array (CFA), is characterized by
including on one row of an image, alternating pixels of Red and Green, and then on a
next row, alternating pixels of Blue and Green. For instance, the Bayer pattern for the
- first four rows of pixels (with each pixel typically an 8-bit value) is as follows (with the

rows thereafter repeating the same pattern):

GRGRGR..

BGBGBG..

GRGRGR..

BGBGBG..

>

As a result, each pixel location contains an intensity value for a single color
component only. Assuming, as is the case in some imaging devices, that each pixel of
the Bayer pattern has 8 bits of resolution (i.e., the pixel is a value representing the
intensity of the color ranging from 0-255), then a "full color" pixel, one having all three
R, G and B components would be a 24-bit value. Color interpolation is the recovery of
the two missing color components for each pixel color interpolation.

Often, scaling and color interpolation are performed independently and by
separate processes. If scaling is performed prior to color interpolation, original sensor
information regarding color content will be unknown to the interpolation process
yielding a poorer quality image. If, however, where it is known as priori that both
scaling and color interpolation are desired for the end image, there is a need for a
combined technique that performs both. Further, given the shortcomings of -
conventional scaling and color interpolation techniques, the combined technique should
be designed so as to yield acceptable image quality.

- Furthermore, with regard to implementation, if scaling is to be implemented in
hardware such as a CMOS (Complementary Metal-Oxide Semiconductor) imaging
device, it is important to reduce the computational complexity of the scaling procedure,
especially when many other functions must also be carried out by the device. When an
imaging device is used to transmit image frames (a sequence of individual still images) .

for the purpose of videoconferencing, the transmission must be fast enough to maintain
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the frame rate and be compatible with the bandwidth capability of the interface between
the imaging device and the processing device (computer system) that is used to package
and transmit the captured image frames to the destination node. In devices that are
dual-moded, which may provide both motion aﬁd still imaging, there is also desired
methods and apparatus that can readily provide difféfeht 1evels of scaling

interchangeably.

SUMMARY OF THE INVENTION
What is disclosed is a method comprising defining a scaling region by indicating
in a CFA (Color Filter Array) a starting location, and generating a super-pixel which is a
downscaled version of the scaling region, the super-pixel fully color interpolated, the

downscaling and the color interpolation achieved in an integrated manner.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects, features and advantages of the method and apparatus for the

present invention will be apparent from the following description in which:
Figure 1 is a flow diagram of one embodiment of the invention for performing
4:1 scaling, '
Figure 2 shows an original CFA region that is scaled according to at least one
embodiment of the invention.
Figures 3(a)-3(c) shows the stages of filter application to obtain the mask for
-an exemplary Red sub-image CFA region.
Figure 4(a) shows an exemplary mask applied to attain a Red component in a
4:1 scaled image super-pixel.
Figure 4(b) shows an exemplary mask applied to attain a Blue component of a
super-pixel in a 4:1 scaled image.
Figure 4(c) shows an exemplary mask applied to attain the Green component
of a super-pixel in a 4:1 scaled image.
Figure 5 is a diagram according to an embodiment of the invention.

Figure 6 is a system diagram of one embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION
Referring to the figures, exemplary embodiments of the invention will now be
described. The exemplary embodiments are provided to illustrate aspects of the
invention and should not be construed as limiting the scope of the invention. | The
exemplary embodiments are primarily described with reference to block diagrams or
flowcharts. As to the flowcharts, each block within the flowcharts represents both a
method step and an apparatus element for performing the method step. Depending
upon the implementation, the corresponding apparatus element may be configured in
hardware, software, firmware or combinations thereof, -
Figure 1 is a flow diagram of one embodiment of the invention for performing
4:1 scaling.
The technique described in Figure 1 is applicable specifically to a image in its
CFA (Color Filter Array) form, as derived for instance, from an image sensor or set of
_image sensors. A common CFA pattern is the Bayer pattern (described below and
shown in Figure 2) which has each pixel location in the array associated with one of
three colors, Red (R), Green (G) or Blue (B). Pixels associated with Green appear
twice for each Red or Blue associated pixel. Each pixel is associated with only one of
three colors (R, G or B) deemed adequate to represent a "full" color pixel, one that
contains all three color components, Red, Green and Blue.
According to one embodiment of the invention, first, an initial location in the
CFA is set (step 110). This location will determine the starting point for the sampling
region and scaling region. For instance, the first starting location for the first 4x4 scaling
region is the Red pixel at colum_n_ 1, row 1 (R11) (see Figure 2). For 4:1 scaling, a
suitable filtering is applied to each sub-image (color plane) region to recover all three R,
G and B components for a "super-pixel," a pixel replacing the scaling region of the CFA
in the scaled image. Shown and described below with respect to Figure 3(a) is the
matrix ("mask") applied to the Red sub-image beginning at pixel R11 in order to obtain
the Red component for the first super-pixel X11. With a three-tap filtering to produce
~ that mask, a total of 32 or 9 pixel locations of the sub-image will be in the sampling
region of the resultant mask. The mask products (shown in Figure 4(a)) are next
summed together (step 125) to recover Red component of this 4:1 scaled image super-

pixel. The summation may be achieved by running accumulation during the filter
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application or the products may be stored separately in an array and summed together
later. Next, to obtain a single intensity value representatlve of the Red component of
the scaled image pixel, the mask resuit is normahzed (step 130) by dividing the mask
result by the total welghtmg of the mask In accordance w1th step 120, filtering is
applied to obtain R, G and B components of a super-plxel by way of the masks shown
in Figures 4(a), 4(c) and 4(b), respectlvely All three components may be determined
simultaneously or successwely dependmg on the desn'ed- design. In the case of the
mask shown in Figure 4(a), the diﬁsof would thus be 16 (sum of all mask
coefficients). The normalized mask result repreSents-a': (fbthponent of the super-pixel in
the scaled image associated with the same color as the é‘der of the sub-image. In the
case of the initial pixel lbcation, the first such normalizrf:q mask result will be a Red
component Rx11 of the scaled image (see 'Figlire 2) Suf)éprixel X11. This normalized
mask result is then stored in an array for the scaled ima"gé (step 140). The original CFA
pixels cannot yet be completely discarded since some of: E,E’cli’em will be reused when the

- next scéled-image pixel is determined. The mask (showri‘ in Figure 4(a)) for the first
super-pixel's Red component includes in its sampling re_g'.io:'n the pixel R15. Since the
filter is a three-tap filter, the sampling region for a c':omp'énent in the super-pixel
includes the scaling region plus an édditidnal row and coli:#nn of pixels. The Green and

. Blue components of the super-pixel are obtained in a s1m11ar manner, but based upon

~ the masks shown in Figures 4(c) and 4(b), r,e'spectively.';j Once all three components for
a super-pixel are thus determined, the technique selects’ tht_:_ next starting location in the
CFA, which would be the starting location of the next sfc:a._,ling region (step 150). Ifall of
super-pixels in scaled image are compute (step 160), the pfocedme for integrated scaling
and color interpolation is deemed complete. Otherwisé,-5 the steps 120-150 repeat for
the chosen starting location so that the next super-pixel'(cdmponents thereof) may be
determined. -

Figure 2 shows an original CFA region that is scﬁled according to at least one

~ embodiment of the invention. | *

The CFA shown in Figure 2 may be viewed as containing three distinct color
planes--Red (R), Green (G) and Blue (B). Pixels belonging to or associated with the
Red color plane are designated by an "R" prefix, while pix_éls associated with the Blue
color plane are designated by a "B" ﬁreﬁx. The pixels aé_sdbiated with the Green color
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plane are denoted by a "G" prefix. One characteristic of a Bayer pattern CFA such as
that shown in Flgnre21s that pixels associated with tﬁé"’color planes alternate by row
and column. Thus, given a starting pixel location, it is convenient to extract or obtain a
sub-image of pixels the same color as the starting location by considering every other
column in the same row as the starting pixel location and then after the row has been
completed, skipping the next succeeding row and repeating the procedure of the first
row with the next, third row. The CFA shown in Figure 2 is representative of raw
image data attainable from an imaging device such as a digital camera or other sensor
system.

Conventional scaling techniques do not perform any type of color interpolation.
Such techniques were developed with the assumption that the input image is not in
Bayer pattern form, but rather, has each pixel containing full RGB color information.
An averaging and/or decimation technique that simply throws away original pixels in
the scaled image which may be adequate for full-color pixel images would be inadequate
for direct application to a CFA image. For instance, a scaling technique using averaging
that provides 2:1 scaling down of an image, would replace the value R11 at column 1,
row 1 of Figure 2 with the average of the three neighboring pixels G21, G12 and B22
together with R11. However, such an averaging is inappropriate since each pixel
contains different chrominance (color) and luminance (brightness) information. The two-
Green pixels G21 and G12 primarily contain luminance information while B22 and R11
primarily contain chrominance information. The mixing of the four color planes in such
a manner to attain what is essentially a pixel belonging to the scaled image distorts and
destroys the Red color information. Likewise, an averaging applied to G or B pixels
would result in a mixing together of color plane information which would destroy the
information (such as chrominance) contained therein regarding the image. Similarly, a
brute-force scaling that merély throws away (decimates) thé GZl, G12 and B22 pixels
completely when scaling would have the effect of destroying even more image
information and essentially leave a CFA which cannot be transformed into a full color
image by a technique such as color interpolation. _

To achieve efficiency and overcorﬁe these obstaéleé for a CFA image, according
to one embodiment of the invention, scaling and color interpolation is simultaneously
achieved by applying a mark to each color plane sub-image independently and then
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combining the result into a single super-pixel. The filter can be applied row-wise to the
sub-image region and then column-wise as well. When' S0 ‘applied, the filter will form a
matrix of coefficients (a mask) by which the 1ntens1ty values of pixels in the sub-image
region are multiplied. The resultant dot product value (1 €., sum of all mask products) is
normalized against the welght of the mask as shown i m Flgure 1. This normalized
value will then represent the value of a color component (R, G or B) of a super-pixel.

. A "scaling" region (illustrated in Flgure 2 with sohd boundary) for 4:1 scaling
consists of a 4 by 4 original CFA region of plxels whlch are transformed into a scaled
image super-pixel in the case of 4:1 scaling or a 4 by 4 CF_A region in the case of 2:1
scaling. According to one embodiment of the invention, .ai'_'mask is applied to each color
plane sub-image determine all three components of a scaled image super-pixel. The
sampling region, that is the number of pixels transformedz hy the mask, is larger than the
scaling region. For instance, if the 4:1 scaled image Sup'er_-pixel in Red component Rx11
is to be determined, a 3x3 mask is applied to Red pixels-3l_il 1, R13,R15, R31, R33, R35,

- R51, R53 and R55. Likewise the Green component Gx1 1 of the scaled image super-

- pixel Xll may be determined by applymg a2by4 mask to the pixels G12,G14, G21,
G23, G32, G34, G41 and G43 in the ongmal CFA Thus, the sampling region is larger
than the scaling region.. - As described below, this leads--to an overlap of the sampling

| used for two same sub-image pixels in the scaled image whlch aids in more properly )
detecting edges features than typical scaling techmques
In so doing, each scaled image super-pixel Xij has three color components Ryij,
- Gxij and Bgij. A 4:1 scaled image consists of super-pikels Xij which each replace a 4-
- row and 4-column square scaling region in the original CFA Thus, if the original CFA

M MorM*N
4 4 16 -

| Advantageously, each of the scaled i 1mage super-plxels w1ll also have full color

has a size M by N, a 4:1 scaled i 1mage will have a size

information thus ehmlnatmg the nece351ty of an mdependently applied color
interpolation procedure '

Figures 3(a)-3(c) shows the stages of ﬁlter apphcatlon to obtam the mask for
an exemplary Red sub—nnage CFA region.

Figure 3(a) shows a Red sub-image reglon in the ongmal CFA. A three-tap
'ﬁlter applied both vertlcally and honzontally wrll compnse a mask of 9 products. This
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sampling region of 9 pixels for the Red color plane sub-image-do not appear contiguous

SHA; but rather are offset. The Red Sub-image is obtained from the

~ and adjacent in the
original CFA by skipping every other pixel column and row therein: (see Figure 2).

If a three-tap filter with coefficients of {1,2,1} in accordance with one
embodiment of the invention is applied in a horizontal manner (i.e., the filter is applied
across a sub-image row) to the original sub-image of Figure 3(a) the result will be the
array (mask) of products shown in Figure 3(b). If the three-tap filter {1,2,1} is
applied to the result array of Figure 3(b) now in a vertical manner, the mask of
Figure 3(c) will result. The mask shown in Figure 3(c) is representative of the mask
products that will be summed together to yield a single value which can then be
normalized as described above with respect to Figure 1.

According to the resultant mask the central pixel (such as R33) is given no more
than 4 times the weight of the corner pixels within the sub-image region. Referring to
Figure 3(c), it is of note that the non-corner side pixels (in the first and last rows and
columns of the region) are 1/2 the weight of the central pixel which is weighted by 4 as a

- result of applying the mask. Again, though no prediction can be made as to where the

- edge feature may lie within this sub-image, no one pixel, which can never fully represent

an edge, dominates as it would with the conventional scaling filters. By keeping the
correlation between pixels in the sampling region close, there is more of a statistical
guarantee that an edge feature will properly represented and not decimated. This is

particularly true since edge features that have significant visual impact (i.e., that are
clearly visible) will usually pass through a region of at least more than just one or two
pixels. Asshown in Figure 4(b), the mask to obtain the Blue component Bx11 of the
super-pixel X11 is identical in its coefficients to the mask of Figure 3(c) and thus may
be obtained by applying in two directions a three-tap filter {1,2,1).

Figure 4(a) shows an exemplary mask applied to attain a Red component in a
4:1 scaled image super-pixel.

Referring to back Figure 3, a three-tap filter described above may be applied
first row-wise to the sampled sub-image and then again column-wise to the result of
that row-wise application. The intensity value of a component in a scaled image super-
pixel is determined by applying such a mask resulting from a filtering operation upon a

sub-image sampling region. For convention, M is the row and N, the column number of
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the starting left-most upper corner pixel of the CFA for a given scaling region. The row
-and column numbers are separated by commas for ease of understandmg Figure 4(a)
shows the mask needed to determine the Red component of a super-pixel Xij. For
instance, referring to Flgure 2, the scaled i image super-plxel X11 has a Red component
Rx11 which is determined by the mask of Figure 4(a) The mask products shown in
Flgure 4(a) are summed together to obtain a single value;_; _Smce each pixel in a CFA
ordinarily has a set intensity resohition, typically a valne;‘nf 8-bits (0 to 255), the sum
of the mask products must be normalized to such a valne;  This is achieved by simply
dividing the sum of the mask products by thie sum of the_ -f-rinask coefficients. Since there
 is one term with a coefficient of 4, 4 terms have a coeﬁieient of 2 and 4 more with a
coefficient of 1, the total "weight" of the mask of Flgure :4(a) (the sum of the
_coefficients) is 16. Thus, Rx11, the Red component of ::s_éfaled image super-pixel X11
Would be [R11+2*R13+R15+2*R3 l+4*R33+2-*R35+R5§i_+2*R53+R55]/ 16 (note that
commas separating the row and column numbers are rern__o'?v_ed in this expression).
Likewise, Rx12, the Red component of the scaled image::'s:uper-pixel X12 (see Figure 2)
- (whose scaling region has a startmg locatlon of R15, such that M=1, N=5), may be
obtained by computing the expression: '
[Rl5+2*R17+R19+2*R35+4*R37+2*R39+R55+2*R57?!-5R59]/16-.
The distribution of the mask coefficients across: the sampling region shows that
the relative coverage or representation in the scaled image'hetween the center pixel and a
corner pixel in the sampling region is only four times. Th1s aids in edge detection since
no-one pixel is given undue:weight, and unlike s'traightfdr@érd averaging, functions to
better cover the more important areas within a region such as the center.
Figure 4(b) shows an exemplary mask applied"te_ attain a Blue component of a
super-pixel in a 4:1 scaled image. i
The mask used to the Blue component Bs in a s‘_c'ated image supef-pixel Xis
stmilar to the mask of Figure 4(a) in that the distributien'ef coefficients in the mask
array is identical. However, the pixels sampled for the masking are entirely different as
these pixels represent not a Red sub-image region, but a eeeond'Blue sub-image region.
The starting pixel of the sampling region for the Blue sub-image region is B22 in the
original CFA (see Figure 2). Starting with this lo'cation B12, a three-tap filter may be
applied vertically and horizontally to the Blue sub-image.Such that shown for the Red
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sub-image in Figures 3(a) to 3(c). The resultant mask is shown in Figure 4(b). As
with the Red compoﬁéﬁt Rx11, the Blue component may be obtained by summing the
mask products and then dividing by the total weighting of the mask (16). Referring
-back to Figure 2, the Blue component B of the 4:1 scaled image super-pixel X results
from this procedure. Again, considering a starting location (M,N) of the scaling region,
the Blue components Bx11 (for super-pixel X11) and B12 (for super-pixel X12) have
scaling region starting locations M=1, N=1 and M=1, N=5, respectively. These
components are computed as:

B x11 = [B22+2*B24+B26+2*B42+4*B44+2*B46+B62+2*B64+B66)/16

B x12 = [B26+2*B28+B20+2*B46+4*B48+2*B40+B66+2*B68+B60]/16,
where "0" represents the tenth column of the CFA.

Figure 4(c) shows an exemplary mask applied to attain the Green component
of a super-pixel in a 4:1 scaled image.

As described above, for each scaled image super-pixel Xij, three components a
Red component Rxij, a Green component Gxij and Blue component Byij need to be
generated. The invention combines scaling and color interpolation to generate from an
MxN CFA a 1/4 size full color is often considered as consisting of intensity values for
each of three color planes Red, Green and Blue. In the Bayer pattern CFA, the Red and
Blue pixels are observable on alternative rows, but the Green pixels are observable on
each and every row. Thus, in relation to either Red or Blue, twice as many Green pixels
are present. The Green pixels are arranged in a staggered pattern and contain much of
the important "luminance" information of the image that is critical for visual distinction
of that image. For these reasons, the Green mask shown in Figure 4(c) varies markedly
from the Red and Blue masks of Figures 4(a) and 4(b), respectively. -

Figure 4(c) shows that there are only 8 products in the mask to obtain the
Green component rather than 9. Also, the coefficients making up the mask products
are not symmetric in the mask as they are with Figure 4(a) and Figure 4(b). Thus, a
filter application in two dimensions such as that shown in Figures 3(a)-3(c) would find
difficulty in producing the resultant mask in Figure 4(c). The sum of the mask
coefficients remains 16, but the weighting is concentrated in two pixels.

Referring back to Figure 1, the scaling region for super-pixel X11 has two
centrally positioned Green pixels in the CFA, which are G23 and G32. All other Green
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pixels considered within the region are on an edge/comer. Thus, the central Green
pixels, which represent the most likely to be essential lummance information in that

- scaling region, are ass1gned mask coefficients of 4. Referrmg to Figure 4(c), the central
Green pixels GM+1, N+2 and GM+2, N+1 are weighted by 4 Thus, the Green
component Gx11 of the super-plxel X11 may be represented as:
[612+G14+2*GZ1+4*G23+4*G32+2*G34+G41+G43] L1kew1se the Green
component Gx12 of the super-pixel X12
[G16+G18+2*G25+4*G27+4*G36+2*G3 8+G45+G47]/ 16

Further, as noted above Figures 4(a) through 4(_c)_show masks for pixels of an
image that is scaled dow_}vn in size by 4. The quarter-size iiﬁage scaling is often utilized
in motion video applications such as videoconferencing; In other applications where a
half-size or 2:1 scaling is needed, the masking procedure described above can be
modified as follows. For a 2:1 scaled image every two rows and columns of pixels in
the original unscaled CFA will be mapped or reduced to a single scaled image pixel.
This case is shown in Figure 2, where a 2:1 scaled image region is shown to be 1/2 the
size of the scaling regidn in the original CFA. The size and number of products (i.e., the
sampling criteria) may be modiﬁed or may be similar to that described above. If a fast

 hardware implementation of such dual-mode (2:1 and 4: 1) scaling is desired, as is often
the need for videoconferencing apphcatlons utilizing a separate masking for each may
be disadvantageous. -

FigureSisa diegram_-according to an embodiment of the invention.

Figure S is a block diagram of internal image prbeeSSing and compression
components of an image capture device. A sensor 500 geherates pixel components
which are intensity values from some source. The m-bit pixel values generated by
sensor 500 are sent to a capture interface 510. Sensor 50_0 in a digital camera context
will typically sense either one of R, G, or B comp‘onenfs .f_or one "sense" of'a location.
Thus, the intensity value of each pixel is associated with -6nly one of three color
planes/(pixel). Capture _interface 510 captures the image generated by the sensor and
appends TAGs identifying color association for the individual pixels. The TAGs are
two bits each, for example, 00, 01, 10 and 11 for R (Red), G (even-row Green), G (odd-
row Green), B (Blue) pixels, respectively. The set of all such pixels for the entire image
is the CFA. |
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It is typical in any sensor device that some of the pixel cells in the sensor plane
may not respond to thé lighting condition properly. As aresult, the pixel values
generated from these c.elll' may be defective. These pixels are called "dead pixels." The
"pixel substitution” unit 515 replaces each dead pixel by the immediate previously valid
pixel in the row.

A RAM table 516 consists of the row and column indices of the dead pixels,
which are supplied by the sensor. This RAM table 516 helps to identify the location
of dead pixels in relation to the captured image. Companding module 525 is a table
look-up based converter to convert each original pixel of m-bit (labeled 10b) intensity
captured from the sensor to an n-bit intensity value, where m<n (typically m=10, n=8).
A RAM table 526 accompanies companding module 525 and stores the entries of this
exemplary sensor companding table. Thus, each pixel in the CFA will be an n-bit value
representing one of the three color planes. |

After companding, a scaling and color interpolation (SCI) unit 527 is used to
scale down the image. If the original image size is MxN, a 2:1 scaling operation scales
the image size down to M/2 x N/2, while a 4:1 scaling operation scales the image size

- down to M/4 x N/4 but with each scaled image pixel having all three color components.
- RAM 528 accompanies SCI unit 527 and is used for intermédiate storage during the
scaling/color interpolation operation.

According to various embodiments of the invention, scaling unit 527 is capable
of efficiently simultaneously performing both scaling and color interpolation. As in one
embodiment of the invention, the 4:1 scaling is achieved by applying a set of masks to
sub-images (selected pixels in a particular color plane), one mask per color sub-image R,
G and B. Since the masks are composed of coefficients (multipliers) of 1 and 4, the
masks may be implemented by using a shift register which shifts left the intensity value
for a given pixel.

In one embodiment of the invention, the mask products are summed together

~and then normalized to yield the scaled image pixel. The filter design using shift
registers and buffers may be accompanied by an adder which adds the products
obtained at every column or row into an accumulator. When all 9 (or 8 in the case of
Green) products have been accumulated, the output of the accumulator may be passed
to another shift register shifting out 4 bits to the right, or in effect, dividing by 16 which
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is the mask weighting for each of the three masks. Alternatively, as each row or column
of pixels is being processed, the products resulting therefrom can be summed together
and then normalized. For instance, the outputs of the three-tap filter can be passed to
an adder to sum the products together. This sum can then be normalized by the sum of
the filter taps, which is-4 (142+1). The division by four't may be achieved by a shift
right of 2 bits (again, using a shift register). Each normalized row or column result can
be accumulated and when the filter is api:lied completélir to the sampling region, the
accumulated value may again be divided By normalized.l z

The original CFA may be scaled by a factor of 2 rather than 4 by SCI with 627.
One skilled in the art will readily be able to modify the rheth'odology déscribed above to
implement a 2:1 or N:1. With above implemented, scale.c_l.image data can more rapidly
be generated and sent to the other image processing units Shown in Figure 6 and
ultimately, will speed the delivery of image data over bué 560 and out of the image
capture device. This is especially advantageous for the 4:1 scaling operation, which is
used in videoconferencing where (frame rate mamtenance) is important. The quahty of

- the scaled image is also improved over traditional 4:1 scaling in that effective color
interpolation is also simultaneously performed yielding scaled image data that is of full
color. If the CFA has each pixel of n-bits, then each suiagr-pixel in the scaled image will
have 3*n bits associated with it, n bits for each color component. - These color
component values may:be concatenated or transmitted ‘separately as is desired. The
scaled image data, obtained super-pixel by super-pixel may be passed to a compression
unit 530 and on encoder 535 which compacts and ehcodes’ the scaled image data into
manageable and transportable blocks. The compressed and encoded data is then packed

. together by a data packing unit 540 and then out to DMA.controller 550 for transfer
across BUS 560. Bus technology, addressing protocols énd DMA controllers are well-
known in the art of system design and can be readily modified/specialized to fit the
desired application. -

Each of the RAM tables 516, 526, 528, 532 and 534 can directly communicate
with bué 560 so that the_,ir data can be loaded and then latei', if desired, niodiﬁed.
Further, those RAM tables and other RAM tables may be used to store scaled image
data as needed. Though the individual components (seleétors, shifters, registers, and

- control address signals) of scaling unit 527 have not been detailed, one skilled in the art
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will readily be able to implement such a scaling device. The efficiency and ease of
simultaneous and colﬁ;g interpolation yields the advantage of producing high quality,
scaled down color im;ée which will have edge features preserved in a better manner than
with conventional scaling only techniques. Though the invention is described for an R,
G and B CFA, it can be applied to any of the numerous CFA scheme such as MWY
(Magenta, White and Yellow).

Figure 6 is a system diagfam of one embodiment of the invention.

Ilustrated is a computer system 610, which may be any general or special
purpose computing or data processing machine such as a PC (personal computer),
coupled to a camera 630. Camera 630 may be a digital camera, digital video camera, or
any image capture device or imaging system, or combination thereof and is utilized to
capture a sensor image of an scene 640. Essentially, captured images are processed by
an image processing circuit 632 so that they can be efficiently stored in an image
memory unit 634, which may be a ROM, RAM or other storage device such as a fixed
disk. The image contained within image memory unit 634 that is destined for computer
system 610 is enhanced in that the loss of image features due to conventional scaling
and independent color interpolation is greatly mitigated by better preserving edge
features. In most digital cameras that can perform still imaging, images are stored first
and downloaded later. This allows the camera 630 to capture the next object/scene
quickly without additional delay. However, in the case of digital video camera,
especially one used for live videoconferencing, it is important that images not only be
quickly captured, but quickly processed and transmitted out of camera 630. The
invention in various embodiments is well-suited to providing fast throughput of color
image data to other parts of the image processing circuit 632 so that the overall speed of
transmitting image frames is increased over typical scaling techniques which do not
color interpolate by their very nature.

Image scaling and color interpolation is carried out within the image processing
circuit 632 in this embodiment of the invention. After the image is scaled/interpolated,
it may also be compressed for transport. The decompression of the transmitted image
data may be achieved using a processor 612 such as the Pentium® (a product of Intel
Corporation) and a memory 611, such as RAM, which is used to store/load instruction
addresses and result data. In an alternative embodiment, scaling/color interpolation may
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be achieved in software application running on computer system 610 rather than
directly in hardware. The applicaﬁon(s) used to-generate scaled image super-pixels
after download from camera 630 may be an executable complled from source code
written in a language such as C++ ‘The mstructlons of that executable file, which
correspond with instructions necessary to scale the i 1mage may be stored to a disk 618
or memory 611. It would be readily apparent to one of Q;'dlnary skill in the art to
program a computing machine to Séale and éimultaneous_l_y :_,color interpolate an image in
accordance with the methodology d_escrib‘ed above. Fuﬁher, the various embodiments
of the invention may be implemented 0:l'}t0 a video display. adapter or graphics
-processing unit that provides scaling and color iﬁterpolatidn
Computer system 610 has a system bus 613 whlch facilitates information
transfer to/from the processor 612 and memory 611 and 2 bridge 614 which couples to
an I/O bus 615. /O bus 615 connects various I/O dev1c§s such as a display adapter
616, disk 618 and an I/O port 617, such as é serial port. :'-Many such combinations of
. 1/O devices, buses and bridges can be utilized with the infzention and the combination
shown is merely illustrative of one such possible combination.
When an image, such as an image of a scene 640, is captured by camera 630,
they are sent to the image processing circuit 632. Image ;Sroé:essing circuit 632 consists
- of ICs and other components which e_xebufe, -among othef ’fimctions, the scaling down
and simultaneous color interpolation of the captured imaéé. The scaling/interpolation
technique discussed herein, may utﬂize image memory unit to store the original CFA of
the scene 640 captured by the camera 630. 'Further, this _séme memory unit can be used
“to store the scaled/interpolated image data. Once all pixcis are scaled, processed and
transferred to the computer system 610 for rendering, thé «camera 630 is free to capture
the next image. The nature of the scaling techhique in color interpolating allows for
camera 630 to act as a motion camera that is cOlor.rather:ﬁ'lan gray scale even though it
is not more complex than a pure gray scale type camera. ._When the user or application
desires/requests a download of images, the scaled compressed images stored in the
image memory unit are transferred from image memory uhit 634 to the 1/0 port 617.
I/O port 617 uses the bus-bridge hierarchy shown (I/0 b_u_'s 615 to bridge 614 to system
- bus 613) to temporarily store the scaled and compressed 'i_Ihage data into memory 611
or, optionally, disk 618. |
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_ CLAIMS:
- What is clainféifiis: SR o

1. A method comprising:
defining a scaling region by indicating in a CFA (Color Filter Array) a starting
location; and ' ' '
generating a super-pixel which is a downscaled vetsion of said scaling region,
said super-pixel fully color interpolated, said downscaling and said color interpolation

achieved in an integrated manner.

2. A method according to claim 1 wherein said CFA has each pixel

associated with only one of three color planes.

3. A method according to claim 2 wherein said color planes are Red, Green
and Blue. '
4, A method according to claim 2 wherein said CFA is arranged in a Bayer
.. pattern.
5. A method according to claim 1 wherein said down scaling is 4 to 1 down
scaling,
6. A method according to 3 wherein full color resolution for each super-

pixel denotes that each 'super-pixel has components for all three said Red, Green and

Blue color planes.

7. A method according to claim 1 wherein said generating includes:

applying a mask to a sub-image region, said sub0image region having pixels of all
the same color plane; and

normalizing the result of said mask to form a color component of said each

super-pixel, said color component the color associated with the sub-image region.
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The compressed images-’a;e_decompressed on computer system 612 by suitable
application software (or hardware), which may utilize.priocessor 612 for its execution.
The image data may thén be i‘endered visually using a :(i_iéi)lay adapter 616 into a
rendered/scaled color iinage 650. ;Th_e scaled color image lS shown as being smaller in
size than the original cepfured scene. This is desirable m many image applications
where the original seneor capture size of a scene is not needed. In a videoconferencing
application, the image kiata inits cempressed and scaled_ ferm may be communicated
over a network or comxﬂunication system to another node or computer system in
addition to or exclusive of computer system 610 so that a videoconferencing session
may take place. Since sealing end color interpolation are éiready achieved on-camera in
one embodiment of the invention, it may be possible to l_i_x_flplement a communication
port in camera 630 that allows the image data to be traﬁsborted directly to the other
node(s) in a videoconferencing session. Wherever a user' of computer system 610 also
desires to see his own scene on monitor 620, image data that is scaled and color
interpolated may be sent both to computer system 610 'and transported over a network
to other nodes. Further, the various embodiments of the invention allow also for
efficient software _scaling to be implemented if desired. ‘As discussed earlier, the
scaled/interpolated color image will have more visually eceurate edge features than
typical in scaling operations due t‘o. the enhancement in:the scaling process and the
simultaneous nature of the color interpolation which is m effect an embedded process.
The end result will be a Higher quality rendered scaled i:ﬁ_age 650 that displayed onto
monitor 620 or other nodes in a videoconferencing sessioh as compared with even’
typical scaling methods which do not color interpolate, 'bﬁt leave that task to another
device/process or stage of theimagiﬁg session. _

The exemplary embodiments described herein are provided merely to illustrate
the principles of the invention and should not be construed as limiting the scope of the
invention. Rather, the principles of the invention may be applied to a wide range of
systems to achieve the advantages described herein and te achieve other advantages or

to satisfy other objectives as well.
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8. A method according to claim 1 wherein said masks are configured to
favor a central portion;of said image region while maintaining the ability to represent

edge features occurriﬁg elsewhere than said central portion.

9. A method according to claim 2 wherein said color planes are Magenta,
White and Yellow.

10.  An apparatus comprising:
an integrated scaling and color interpolation unit configured to transform CFA
(Color Filter Array) pixels, each associated with only one of three color components,

into downscaled super-pixels, each super-pixel having all three said color components.

11.  An apparatus according to claim 10 comprising:
a memory coupled to said integrated scaling and color interpolation unit,

configured to store said super-pixel data.

12.  An apparatus according to claim 10 comprising:
an image sensor coupled to said integrated scaling and color interpolation unit,

said sensor providing in a Bayer pattern data for said CFA.

13.  An apparatus according to claim 10 wherein said scaling and color

interpolation unit is incorporated into an imaging device.

14.  An apparatus according to claim 14 wherein said imaging deviceis a

digital camera.

15.  An article comprising a computer readable medium having instructions
stored thereon which when executed cause:

defining a scaling region by indicating in a CFA (Color Filter Array) a starting

location; and
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. generating a super-pixel which is a downscaled version of said scaling region,
said super-pixel fully color interpolated, said downscaling and said color interpolation

achieved in an integrated manner. -

A U l
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