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ADAPTIVE BINNING METHOD AND APPARATUS
SUK HWAN LIM
D. AMNON SILVERSTEIN

and
QIAN LIN

Background

[0001] The quality of an image is partially dependent on the size of pixels forming the
image. While reducing the si‘ze of pixels leads to an increase in the spatial resolution of an
image, shrinking the pixels beyond a particular size leads to a degradation in the imagé
quality. The decrease in image quality in this case is due to a decrease in signal-to-noise ratio
(SNR) of the individual pixels.

[0002] The SNR of individual pixels is determined by the number of photons
captured. There exists a direct relationship between the number of photons captured in a
pixel and the SNR of the pixel. That is, an increase in the number of captured photons leads
to an increased SNR; conversely, a decrease in the number of captured photons leads to a
decreased SNR. It is desirable to have é; high SNR. Since smaller pixels capture a smé.ller
number of photons, reduction or shrinking of the pixels leads to a lower SNR at each pixel
location.

[0003] This problem (i.e; a decrease in the number of photons captured) is
comp-qunded Ey pixel vignetting effect (or, narrow pixel tunneling effect) that lowers tﬁe
optical quantum efficiency and results in even smaller number of photons being captured at
off-center pixels. An exposure time can be increased to obtain better quality in the 'optical
elements but the increase in quality is limited by motion blur and limited well capacity.
[0004] At least some embodiments provide methods for dynamically opﬁmizing piXel

quality in terms of signal-td—noise ratio and spatial resolution.
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Summary

[0005] In one aspect, an image processing method is described. The method includes
the steps of capturing contents of a scene in a first pass; determining a binning pattern for
_'pixels representing the scene based on measured brightness values of the pixels; and
capturing contents of the scene in a second pass in accordance with the binning pa&em.
[0006] | In another aspect, an image processing method is described. The method
includes the steps of capturing contents of a scene in a first pass at a first resolution;
measuring brightness values of pixels representing said scene; evaluating a spatial gradient of
the pixels; determining a binning pattern for the pixels based on the spatial gradient; and '
capturing contents of the scene ina second pass at a second resolution in accordance with the
binning pattern wherein the second resolution is higher than the first resolution

[0007] In a further aspect, a coinputef—readable medium containing 2 computer
program for processing an image is described. The computer program, when executed on a
processor, causes the processor to: instruct an image sensor to capture contents of a scene in a
first pass; determine a binning pattern for pixels representing the scene based on m.easuring
brightneés of pixels representing the scene; and instruct the image sensor to capture contents
of the scene in a second pass in accordance with the binning pattern.

[0098} In yet another aspect, a device is described. The device comprises an image
capturing means, a processing means and a storage means. The processing means instructs
the image capturing means to capture contenté of the scene in a first pass, evaluates pixels
representing the scene to determine a binning pattern and instructs thg image capturing means

to capture contents of the scene in a second pass according to the binning pattern.
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Brief Description Of The Drawings
. [0009] . The accompanying drawings, which are incorporated in and constitute'a part
of the specification, illustrate an embodiment of the invention and, together with the
description, expiain the invention. In the drawings,
[0010] Figure 1 illustrates a black and-white image sensor;
[0011] Figures 2A - 2C illustrate image sensors with overlaying Bayer mosaic pattern

for each of red, green and blue pixels respectively;

[0012] Figure 3 illustrates a method in accordance with an exemplary embodiment;
[0013] Figure 4A illustrates a 9 pixel by 9 pixel sensor;

[0014] Figure 4B illustrates a pixel space for image captured in a lower resolution;
[00i5] Figures 5A-5C illustrate lookup tables according to exemplary embodiments; |
and

[0016] Figure 6 illustrates a device in accordance with exemplary embodiments.

Dgtailed Description
[0017] The following description of the implementations consistent with the present
invention refers to the accompanying drawings. The sa;ng reference nufnbers in different
drawings ideﬁtify the same or similar elements. The following detailed description does not .
limit the invention. Instead, the scope of the invention is defined by the appended claims.
[0018] In general, the present invention is a method and apparatus for dynamically
optimizing the extent of binnihg. Sl')eciﬁcally,,pixels within images may be evaluated to
determine a level of binning that may be applied to the pixels in order to increase the quality

of an image.
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[0019] For purposes of this invention, an image may represent contents of a scene that
has been captured by an image sensor of an image capturing device. The image capturing
device may be a-digital camera for example. |

[0020] Pixels may be binned within an area of an image sensor. Each pixel consists
of photo elements that capture photons and convert them to charges (or, electrons).
Neighboring pixels may have captured a different number of charges based on the scene
content and noise in each pixel for example. By ‘Einning a plurality of pixels, the number of
'charges corresponding to each pixel within the binned pixel group may. be summed. By
summing charges, the signal-noise-ratio (SNR) may be increased. An inm:eased SNR is
désirable asa lower.SNR indicates an image that is not as clean as an image with higher SNR
(and 1owér noise). A clean image appears smooth in .that it mefy not include or exhibit false
speckles, dots, blotches, etc. Resolution is also important as a low resolution image fails to :
provide adequate image detail. A higher resolution image provides greater detail than an
image with a lower resolution.

[0021] Four pixels may be binned together in a portion of the image éensor
represented by a 2x2 (or 4x1 or 1x4) pixel space. cher binning examples may include
sixteen pixels bging binned as represented by a 4x4 pixel space (or 2x8, 8x2, 16x1 or 1x16),
efc. ‘

[0022] * Ifan image sensor has a 4 mega pixel resolution capability for example
(represented as a 2Kx2K sensor), a 2x2 binning would result in the image captured on the 4
mega pixel sensér being a 1Kx1K image or an image having 1 Mega-pixel resolution. That
is, four pixels would be treated as one pixel thus resulting in the reduced image resolution.
By binning pixels, the SNR may be increased. Binning, however, also reduces horizontal

and/or vertical spatial resolution.
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[0023] Another factor to consider in binning pixels is the brightness differences
| between pixels that are to be binned together. It is desirable‘ to bin simila}r pixels. Similar
pixels refers to photometric similarity or similan'ty. in brightness. In order to bin pixels, the
difference in brightness values between the pixels being binned has to be below a pre-
specified threshold. That is, if the brightness difference between two pixels is highér than the
threshold, then the two pixels should not be binned together. Binning pixels with a higl;
brightness value difference may result in lost detail and blur within an image containing these
pixels. The acceptable limits for brightness value differences may therefore be pre-computed
in a lookup table for example. The threshold values in the look-up-table can be pre-computed
- from the image sensor speciﬁcatiohs and the capture i)arameters.
[0024] For the image sensors with an overlaying Bayer pattern mosaic, binning may
only be performed between pixels capturing the same color. A pixel that captures the
brightness of red color may not be binned with a pixel that captures the brightness of blue
color or green color for example. Binning may be performed on neighboring pixels, such as a
3x3 pixel space for éxample, usiﬁg black and white image sensors as illustrated in Figure 1.
This type of binning (i.e. on a 3x3 pixel space) may not be effeptive on image sensors having
an overlaying Bayer pattern mosaic which is utilized by the majority of digital cameras.
[0025]) . Binning may be increased to a 5x5 pixel space with a Bayer pattern mosaic as
illustrated in Figures 2A - 2C. The illustration in each of these ﬁgufes corresponds to
individual colors of red (R), green (G) and blue (B) respectively. For the green pixels
identified in Figure 2A,a 3 by 3 Binnjng is also available. Dotted lines represent instances
where binning is allowed.
[0026] - ‘ Optionally, the concept of optirrﬁd pixel size may be introduced to simplify the
process of determining the binning pattern. A discussion on how to statically design an

image sensor for optimal pixel sizes is described in a paper entitled How Small Should Pixel
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Size Be? by T. Chen et al. (“Chin”). The subject matter of this paper is incorporated herein
by reference.

[0027] fhe optimal pixel size may be used as a guidance to determine the extent of
binning to be applied. In exemplary embodiments, brightness values of pixels making up an
image may be used to detérmine a binning pattern.

[0028] Exempl@ methods may be illustrated with refereﬁce to the flow chart of
Figure 3. The initial capture of an image in a first pass may take place at step 310.
Brightness values for each pixel of the captured image may be read out or measured at step
320. Brightness -values between neighboring pixels may be comp:ared at 330 to determine if
the neighboring pixels satisfy, the conditions for binning. That is, a difference in brightness
values between the neighboring pixels may be computed. The decision oﬁ binning may be
made by utilizing a lookup t.able at 340 that includes acceptable brightness difference value
(i.e;. a threshold) for a particular brightness value. |

[0029] The entries in the lookup table, illustrated in Figure 5A, include brightness
values and corresponding threshold values (columns 1 and 2 of Figure 5A). If the
(computed) I;rightness difference between neighboring pixels is greater than the threshold for
a partlcular corresponding brightness value, binning may not take place If'the d1fference is
less than the threshold, binning may take place. If the difference is equal to the threshold,
binning may take place.

[0030] In some embodiments, an average brightness value for (two) neighboring
pixels may be computed and this average value may be used as the brightness values in the
lookup table. -

[0031] A binning pattern méy be determined for each pixel at step 350 based on the
comparison with the threshold values at step 340. The image may be captured in a second -

pass at step 360 utilizing the binning pattern determined at stei: 350.
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. [0032] . An exemplary method may be described with réference to a sensor, such as
sensor 410, illustrated m Figure 4A. In a first pass (step 310 of Figure 3), a full resolution
(i.e. 9x9 in this example) scan results in capturing information for each of the eighty one
pixels (1-81) that make ﬁp an image on sensor 410.

[0033] Brightness values for each pixel may be measured from the captured
information (step 320). Pixels 41 and 42 (for purely illustrative purposes) may be analyzed to
determine if they can be binned together. The brighmess.diﬂ"erence between pi?(els 41 and 42
may be computed (step 330). | |

[0034] The brightness value of either pixel 41 or 42 (.o; the average brightness value
of pixels 41 and 42) may be used to find a matching brightness value in column 1 of Figure
5A (step 340) such as brightness value Bjs, for example. The brightness difference value
may then be compared to the corresponding tﬁeshold value in column 2 (i.e. 'I‘m.) to
determine whether pixéls 41 and 42 can be binned. As described above, binning may take
place if the brightness difference is below the 'threshold vaiue (binning cannot take place if
the difference is greater than the threshold).

[0035] Tn alternative embodiments, an image (such as the exemplary illustrative
image on sensor 410 of Figure 4A with 81 pixels) may be capﬁed during the first pass in
Jow resolution where the pixels are binned in a static pattern throughout the image. An '
exemplary static pattern for the image on sensor 410 of Figure 4A may be a 3X3 pattern
resulting in an image made up of sensor 420 of Figure 4B.

[0036] Low resolution in this context may indicate a resolution that is lower than the
maximum resolution of the image sensor. .Since the pixels are binned, the signal-to-noise-
ratio is increased and it is possible to obtain acceptable sighal-to-noise ratio even with a short

exposure time. In this manner, the capture time for the first pass which includes time for
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exposure, readout and processing may be shortened (or, minimized) and the bin pattern
obtained in the first capture would provide optimurr} results for the second pass.

[0037] Referring to Figufe 4A, an exemplary first pass low resolution capture may
bin pixels 1-3, 10-12 and 19-21 into one “super” or “combined” pixel when tﬁe first pass low
resolution capture is performed by binning 3x3 pixels throughout the image. Other “super”
or “combined” pixels in this example may be composed of pixels 4-6, 13-15 and 22-24; 7-9,
16-18 and 25-27; etc. when the first pass low resolution capture is performed by binning 3x3
pixels throughout the image. The “super” pixels of Figure 4A. ﬁay be designated as 4 to ]
(i.e. the nine super pixels of Figure 4B) for example.

[0038] Brightness values for each of “super” pixels 4 to  may be measured after

. capturing contents of the scene in the first low resolution pass. The brightness value of éach
“super” pixel corresponds to an average brightness value for each of the pixels making up the
“super” pixel (i.e. the average brightness value of pixels 1-3, 10-12 and 19-21 is the
‘brightness value of “super” pixel 4 in Figure 4B).

[0039] A binning pattern may be determined before the second pass in this exemplary
embodiment by computing the spatial gradient of the brightness value of each binned “super”
pixel.

[0040] Spatial gradient is a known concept and with reference to each pixel, itisa
derivative of the brightness with respect to both horizontal and vertical space. A magnitude
of the spatial gradient may be computed using any of a number of known methods. A sum of
.the absolute values of each component (horizontal, vertical) or a sum of dxe square values of
eaph component or average of the differences between neighboring pixels may be
determined.

[6041] * The brightness value and the spatial gradient for each super pixel (such as 4 to

I) may be used to determine whether to bin the pixels. A lookup table in this embodiment
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(Figure 5B) includes brightness valués and corresponding threshold values with which to
compare the spaﬁal gradient.

[0042] Binning pixels with a high spatial gradient may result in lost detail and blur
within an image that includes such binned pixels. Binning may also be performed separately
for the vertical dirc;,ction and for the horizontal direction. In this scenario (i.e. Figure 4B),
separate threshold vaiues for the horizontal and vertical component of the gradient may be
specified in the lookup tablg - one for the horizontal component and one for the vertical
component as illustrated in Figure 5C. |

[0043] The term INTER as used herein refers to binning pixel(s) from one “super”
pixel with pixel(s) from another (neighboring) “super” pixel. The term INTRA refers to
binning between pixels forming a “super” i)ixel.

[0044] In situqtions where the gradient for a binnéd “super” pixel is high, it may not
be advisable to bin between the pixels that make up the “super” pixel (INTRA). That is, for
example, if the spatial gradient of “super” pixel E in Figure 4B is high, then pixels 31-33, 40-
42 and 49-51 in Figure 4A may not be binned . It may also not be permissible to bin the
pixels in a “super” pixel (having an unacceptable or high sl')atial gradient threshold) with
pixels from a neighboring “super” pixel (INTER) (such as t;inning the pixels 33 and 34, 42
and 43, 51 and 52, etc.).

[0045] ' Coﬁversely,- if thé spatial gradient of a “su;;er” pixel is acceptable for INTRA
binning, then the pixels forming the “super” pixei may be binned. Similarly, if the spatial
gradient of a “super” pixel is acceptable for INTER binning, then the pixels in the “super”
pixel may be binned with neighboﬁng pixels outside the “super” pixel.

-[0046] If the vertical component of the spatial gradient is high, then it may be.

advisable to disallow binning in the vertical direction. If the horizontal component'of the
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spatial gradient is high, then it may be advisable to disallow binnihg in the horizontal
direction. |
[0047] In other embodiments, separate threshold values may be specified for INTER
pixel binning and INTRA pixel binning in the lookup table. As INTER pixel binning has a
higher probability of creating blurry pixels, it may be advisable to have lower threshold for
INTER pixel binni.ng.
[0048] "The decision made in the “super” pixel (to bin or not to bin) applies equally to
all pixels fonniﬁg the “sﬁper” pixel (for both horizontal and vertical ;omponents). If, for
example, a decision was made to bin horizontally, then all the pixels that make up the “super”
pixel will inherit thét decision. This is also applicable for inter pixel binning (For example,
pixels 33, 42 and 51 share the same decision). The difference between inter and intra pixel
‘binning is that the decision for inter and intra may not be the same due to potentially different
threshold values for inter pixel binning and intra pixel binning mode as described above.
[0049] F rom a hardware implementation perspective, binning implies electrically
connecting the multipie photo elements in multiple pixels (of an image sensor) being binned
while disconnecting the rest. That is, if pixels 31-33 (Figure 4A) are binned (hori;ontally for
example), then the photo elements in pixels 31 and 32 are electrically connected as are the
_photo elements in pix_eis 32 and 33. Similarly, if pixels 31, 4Q and 49 are binned (vertically
for example), then the photo elements in pixels 31 and 40 are electrically connected and so
are the photo elements in pixels 40 and 49, If binning between pixels in the “super” pixel is
not allowed aue to unaccepfable spatial gradient value, photo elements between pixels that
make up the “super” pixel may be electrically disconnected.
[0050] " A device for facilitating methods described above may be illustrated in Figure
6. Device 600 may include a processing means 610, an image capturing means 620 and a

storage means 630. Processing means 610.may be connected to the image capturing means
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620 and to the storage means 630. Device 600 may be a digital camera, a camcorder or a
camera-phone imager for example. Image capturing means 620 may be an image se;lsor such
asa CCD or a CMOS image sensor. Processing means 610 may be a programmable digital
signal processor .(DSP) or an Application Specific Integrated Chip (ASIC). |

[0051] Processing means 610 may instruct the irﬁage capturing means 620 to capture
the contents of a scene for example. The captured contents may be received By the
processing means and stored in the storage means 630.

[0052] Processing means 616 may then analyze the image (representing the contents
of the scene) by measuring the brightness values and computing the spatial gradient values.
The lookup table for determining pixel size may bé sto.red within the storage means 630.
Processing means 610 may also determine a pixel size for each pixel based on the measured
brightneés and computed spatial gradient values. |

[0053] A binning pattern may be determined and communicated to the image
capturing means. The image capturing means may then capture contents of the scene ina
second pass based on the binning pattern.

[0054] It is expected that this invention can be implemented in a wide variety of
environments. The device need not be 1i1r;ited to a digital camera, a camcorder, etc. In
alternative embodiments, the, proceésor may be remote from the imagc? sensor. However,
such arrangement may present challenges to rapidly evaluating contents of a scene and
estabhshmg a binning pattern before capturing contents of the scene in a second pass. Delay
between the first and second passes may lead to changes in the composition of the scene for
example. If the scene remains static between first and second passes, the remote location of
the processing means with respecf to the image sensor may bé'acceptable. The device may

also include a scanner.
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[0055] It will also be appfeciated that procedures described above are carried out
repetitively as necessary. To facilitate underétanding, aspects of the invention are described
in terms of sequences of actions that can be performed by, for example, elements of a
progrimmable computer system. It will be recognized that various actions could be
performed by specialized circuits.(e.g., discrete logic gates intérconnected to perform a
specialized function or application;speciﬁc integrated circuits), by prograrﬁ instructions
exécuted by one or more processors, or bya combination of both.

[06056} It is emphasized that the terms "comprises" and "comprising”, when used in
this apblication, specify the presence.of stated features, integers, steps, or comiaonents and do
not prectude the presence or addition ,c.)f one or more other features, integers, steps,
components, or groups thereof.

[0057) .  Thus, this invention may be embodied in many different forms, not all of
which are _déscribe’d ;dbOVC, and all such forms are contemplated to be within the scope of the-
invention. The particular embodiments described above are 'merelyh illustrative and should
not be considered restrictive in any way. Thé scope of the invention is determined by the
following claims, and all variations and equivalents that fall‘within the range of the claims a-\re

intended to be embraced therein.
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CLAIMS

1.  Animage processing method comprising:

capturing contents of a scene in a first pass (310);

determining a binning pattern for pixels representing said scene (350) based on
measured brightness values of the pixels (320); an.d

capturing contents of the scene in a second pass in accordance with the binning

pattern (360).
2. The method of claim 1, wherein binning of pixels occurs between neighboring pixels.
3. - The method of claim 2, wherein a decision to bin pixels is based on evaluating a

difference in brightness values (330) between the pixels being considered for binning.

4. The method of claim 3, wherein a threshold of the brightness difference values for

permitting binning is specified in a lookup table (340).

5. The method of claim 4, wherein the threshold value is associated with a particular

measured brightness value.

6. The method of cléim 5, wherein a measured brightness value of one of the pixels

being considered for binning is used to refer to the lookup table.

7. The method of claim 5, wherein an average measured brightness value of the pixels

being considered for binning is used to refer to the lookup table.
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8. The method of claim 1, wherein the image is captured by an image sensor utilizing a
Bayer Mosaic pattern.
9. The method of claim 1, wherein the first pass is captured at a resolution that is lower

than a resolution corresponding to the capture during the second pass.

.10.  The method of claim 9, wherein the image is binned uniformly during the first pass

capture.
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