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EFFICIENT DETECTION OF CAMERA
SHAKE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The subject application is a continuation-in-part of
pending U.S. patent application Ser. No. 11/299,218 filed
Dec. 9, 2005 (Attorney Docket No. VP187), which is incor-
porated by reference herein in its entirety.

FIELD

[0002] The present invention relates generally to digital
image processing, and more specifically to capturing digital
photographs.

BACKGROUND

[0003] Sometimes a photograph taken with a digital camera
is blurred. One reason for this is camera shake. When taking
aphotograph with a camera held in one’s hands, if the camera
is not held sufficiently steady, the resulting image will be
blurred. Of course, camera shake may be prevented by hold-
ing the camera stationary, but the length of time one must hold
the camera steady varies, depending on the shutter speed
used. In low light conditions longer exposure periods are
needed to produce an image that is not too dark and, for this
reason, the camera must be held stationary for relatively long
periods under such conditions.

[0004] Duringthe period when the photographer is viewing
the scene and preparing to take a shot, he may at times hold
the camera sufficiently steady to capture a shake-free image,
while at other times he may not hold the camera steady
enough. Different individuals have different abilities to hold
a camera steady and a particular individual’s ability may vary
from time to time. In addition, the camera must be held steady
for different periods, depending on light conditions. For these
reasons, it can be difficult for the photographer to know when
he is keeping the camera sufficiently stationary to capture a
shake-free image.

[0005] One solution is a “trial and error” approach where
the photographer repeatedly captures and, using human
effort, inspects the captured image for blur until a shake-free
image is obtained. Another solution is for the photographer to
only take photographs at “safe” exposures, refraining from
taking a photograph whenever the exposure period is longer
than the safe period. These solutions are less than satisfactory.
The first approach adds to the time and effort needed to a
capture a photograph. Additionally, capturing multiple
images consumes battery power. Moreover, because of the
need to capture multiple images, the photographer loses con-
trol over the timing of when an image is captured, which can
result in lost photo opportunities. The second approach also
results in forgone photo opportunities.

[0006] Accordingly, there is a need for methods and appa-
ratus for efficiently detecting camera shake when capturing
digital photographs.

SUMMARY

[0007] Embodiments forefficiently detecting camera shake
when capturing digital photographs are described. At least
two sites in a frame of pixels are specified. The sites are
arranged in a particular spatial distribution and each site
corresponds with the pixel locations ofa block of pixels. Each
block has at least two pixels. A block parameter is calculated

Jun. 19, 2008

for each block of first and second frames in a sequence of
frames. A block-pair similarity determination is generated for
each pair of spatially-corresponding pixel blocks of the first
and second frames. The block-pair similarity determinations
are generated by determining whether there is a difference
between the respective block parameters which is greater than
aparticular block-level threshold. Additionally, a frame simi-
larity determination is generated by combining the block-pair
similarity determinations.

[0008] Spatial distributions for the sites are described. In
this regard, a frame may be divided into nine regions and sites
are positioned with respect to the nine regions. Landscape,
portrait, and rule-of-three modes of spatial distribution are
disclosed.

[0009] Embodiments are described in which block param-
eters may be calculated using fewer than all of the bits of each
pixel.

[0010] The frame similarity determination may be used to
trigger the rendering of an indication corresponding with the
frame similarity determination in a user-interface device,
such as a display device or a speaker. The frame similarity
determination may also be used to trigger the storing of the
second frame or of a third frame in the sequence of frames in
a nonvolatile memory if the frame similarity determination
indicates that a shake-free image is probable.

[0011] Method, apparatus, and system embodiments are
disclosed. As explained in the drawings and detailed descrip-
tion, it is not necessary that both the first and second frames be
stored in a memory at the same time. Accordingly, the
described embodiments reduce memory requirements,
thereby reducing chip size and saving power. Additionally,
the described embodiments provide for detecting camera
shake in real-time.

[0012] This summary is provided to generally describe
what follows in the drawings and detailed description. This
summary may omit various important features and aspects
pertinent to the claimed inventions that are described in the
drawings and detailed description. Accordingly, this sum-
mary is not intended to limit the scope of the invention defined
by the claims. Objects, features, and advantages of the inven-
tion will be readily understood upon consideration of the
following detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is one embodiment of a system for efficient
detection of camera shake.

[0014] FIG. 2 illustrates an exemplary frame.

[0015] FIG. 3A illustrates first embodiment of a spatial
distribution of pixel blocks.

[0016] FIG. 3B illustrates second embodiment of a spatial
distribution of pixel blocks.

[0017] FIG. 3C illustrates third embodiment of a spatial
distribution of pixel blocks.

[0018] FIGS. 4A and 4B illustrate exemplary timing sce-
narios according to embodiments of the present disclosure.
[0019] FIGS. 5A and 5B illustrate one embodiment of the
shake detection module 34 in greater detail.

[0020] FIG. 6 is an alternative system for efficient detection
of camera shake according to one embodiment of the present
disclosure.

[0021] FIGS.7A, 7B, and 7C illustrate one embodiment of
a method.
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[0022] In the drawings and description below, the same
reference numbers are used in the drawings and the descrip-
tion generally to refer to the same or like parts, elements, or
steps.

DETAILED DESCRIPTION

[0023] A digital image is formed from a two-dimensional
array of small discrete elements (“pixels.”) Digital images are
often referred to as frames. A frame may be created in any
resolution. For example, the resolutions of 640x480, 320x
240 and 160x120 are illustrative. In one sense, the term
“frame” may be used to refer to a data structure for holding
pixels which is defined by the dimensions of the array. In this
sense, a frame specifies a predetermined number of pixel
locations. A frame having a resolution of 640x480, for
example, specifies 307,200 locations for individual pixels.
Each pixel location is uniquely identifiable by its column and
row (or alternatively, its x and y) coordinate position. FIG. 2
illustrates an exemplary frame, i.e., a two-dimensional array
of pixel locations.

[0024] In another sense, the term “frame” may be used to
refer to particular pixel data. The attributes of a pixel, such as
its brightness and color, are represented by a numeric value,
which is typically represented in binary form. This binary
data may be any number of bits, typically ranging from one-
bit-per-pixel up to 24-bits-per-pixel. The pixel data may be
provided by a camera module, for example, and as such
corresponds with a physical image. Thus, in this second
sense, the term frame may refer to a plurality of pixels having
particular data values, with the pixels populating particular
pixel locations of a two-dimensional array. A digital photo-
graph (or image) is such a frame of pixel data.

[0025] Referring to FIG. 1, one embodiment of a system 20
for efficient detection of camera shake is shown. The system
20 includes a host 22, a camera module 24, a display control-
ler 26, adisplay device 28, and a non-volatile memory 30. The
display controller 26 includes a memory 32 and a shake
detection module 34. The display controller 26 drives the
display device 28 and interfaces the host 22 and the camera
module 24 with the display device 28.

[0026] In one mode of operation, the camera module 24
may capture and output a stream of low-resolution frames.
The stream of frames may be provided to the display control-
ler 26, which buffers the frames in the memory 32 and option-
ally performs other processing on each frame. The frames are
then transmitted to the display device 28 where they are
rendered as a video image. The video image displayed on the
display device 28 may serve as a viewfinder, permitting the
photographer to frame and focus a potential photograph.
When viewing the video, if the photographer wishes to take a
picture, he depresses a “shutter button” (not shown), which
causes the camera module 24 to capture and output a high-
resolution frame. After the high-resolution frame is captured
and output, it is stored in the non-volatile memory 30 as a
digital photograph. It should be appreciated that it is not
necessary to use the display device 28 as the viewfinder. In
one alternative, the viewfinder may be comprised of optical
elements, such as mirrors and lenses. The display device
viewfinder may be used in inexpensive cameras while the
optical viewfinder may be employed high-end cameras.
[0027] The shake detection module 34 compares two suc-
cessive frames in the stream of frames output by the camera
module 24. The camera module 24, in one embodiment, out-
puts frames at a rate of 15 frames per second, so thata firstand
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a second frame in the stream may be within seven hundredths
of a second of one another. The shake detection module 34
determines whether the first and second frames are similar. If
the frames are similar, the shake detection module 34 asserts
a signal on a line 36. On the other hand, if the two frames are
not similar, the shake detection module 34 de-asserts the
signal on line 36. The presence of an asserted signal on line 36
may be used to make an inference that it is probable that a
shake-free image can be captured. Conversely, the absence of
the signal on line 36 may be used to make an inference that it
is probable that a blurred image will be captured. For conve-
nience of explanation, the signal on line 36 may be referred to
as a “blur-probable signal.” Use of this blur-probable signal is
described below.

[0028] The shake detection module 34 compares two suc-
cessive frames in the stream of frames by comparing one or
more specified pixel blocks of the frames. More particularly,
the shake detection module 34 compares each specified pixel
block of a first frame with a spatially corresponding pixel
block of a second frame. The pixel blocks used for compari-
son purposes may be positioned at any desired site within a
pixel array. In addition, any number of pixel blocks may be
specified. However, | have discovered that when a particular
number of pixel blocks are spatially distributed at particular
sites in the array it is possible to determine if two frames are
similar with increased efficiency. Specifically, the determina-
tion may be made by comparing only a small percentage of
the total pixels of the frames. Exemplary spatial distributions
of pixel blocks are described below.

[0029] In one embodiment, blocks of pixels are sampled
from spatially-corresponding sites in first and second frames.
As mentioned, each pixel location in an image is uniquely
identifiable by its coordinate position. A block of pixels may
include at least one pixel, and preferably includes at least two
pixels. If the pixels of a first block in a first frame have the
same coordinates as the pixels of a block in a second frame,
then the first and second blocks of pixels may be considered
spatially-corresponding. The pixels within each of the blocks
may be summed, or alternatively, averaged. As a result of this
summing or averaging calculation, a “block parameter” is
produced for each of the pixel blocks. The block parameters
for each pair of spatially-corresponding blocks of the first and
second frames are then compared. Each such comparison
results in a “block-pair similarity determination.” For
example, if the block parameters for a pair of blocks of the
first and second frames are equal, then it may be inferred that
the blocks are similar. On the other hand if the block param-
eters for the pair of blocks of the first and second frames are
not equal, it may be inferred that the blocks are not similar. In
one embodiment, the result of a block-pair similarity deter-
mination is a binary data element, i.e., a one or a zero, where
one value corresponds with a determination of similarity, and
the other value corresponds with a determination of dissimi-
larity. The block-pair similarity determinations are then com-
bined to produce a “frame similarity determination.” As one
example of a frame similarity determination, if all of the
block-pair similarity determinations for first and second
frames indicate that the block pairs are similar, then it may be
determined that the frames are similar.

[0030] When comparing block parameters, it is not critical
that the block parameters be precisely equal. In one alterna-
tive, an inference may be made that a pair of blocks are similar
if the respective block parameters are within a particular
tolerance or threshold. As one example, assume a block-level
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threshold of 10. If the block parameters for a pair of blocks are
100 and 105, respectively, then the difference between the
two parameters is 5, which is less than the assumed block-
level threshold of 10. Accordingly, the block-pair similarity
determination for these two blocks may be that the blocks are
similar. Any block-level threshold may be selected.

[0031] Similarly, when comparing block-pair similarity
determinations, it is not critical that all of the block-pair
similarity determinations indicate that the block pairs are
similar. In one alternative, an inference may be made that the
first and second frames are similar if the number of block-pair
similarity determinations that are similar exceed a frame-
level tolerance or threshold. As one example, assume that the
frame-level threshold is six. In addition, assume that if the
block parameters for a pair of blocks are within the block-
level threshold, the similarity determination for the pair
equals one. Further, assume that there are nine pairs of pixel
blocks, and that seven of the pairs of blocks are similar, i.e.,
the similarity determination for each of the seven pairs equals
one. In this case, combining the block-pair similarity deter-
minations produces the sum of seven. Because the frame
similarity determination of seven is greater than the assumed
frame-level threshold of six, it may be inferred that the first
and second frames are similar. Any frame-level threshold may
be selected.

[0032] It is not critical that the result of a block-pair simi-
larity determination be a binary data element. In other words,
it is not critical that the similarity parameters for pairs of
spatially-corresponding blocks of the first and second frames
only take the values of one or zero. In one embodiment, the
block-pair similarity determinations may be weighted
according to their spatial position in the pixel array. For
instance, a first pair of pixel blocks situated at a first location
may be assigned the value of two if similar, while a second
pair of pixel blocks situated at a second location may be
assigned the value of one if similar. Additional examples of
weighting of the block-pair similarity determinations are pro-
vided below.

[0033] Inone embodiment, when calculating block param-
eters, it is not essential that the entire pixel datum be used in
calculating the sum (or average) of the pixels in a block. The
shake detecting unit 34 may optionally include logic to select
a particular bit of each sampled pixel, e.g., a K? bit. In this
embodiment, instead of summing (or averaging) the entire
data values of the pixels in a block, the block parameter is
calculated by summing (or averaging) the K bit values of the
pixels in the block. Any bit position of a pixel may be selected
as the K? bit. In one embodiment, the K” bit is the least
significant bit (“LSB”) of the pixel data value. As one
example, bit position 24 of a 24-bit pixel may be selected as
the K bit. The bit that is selected as the K” bit determines the
sensitivity of the method. By selecting one of the more sig-
nificant bits, the sensitivity of may be increased. By summing
just one bit of each pixel instead of the entire pixel, a smaller
adder, comparator, and smaller registers for storing sums may
be used than the adder, comparator, and registers required for
summing (or averaging) entire pixel values. In one alterna-
tive, two or more, but fewer than all, of the bit positions may
be selected for summing (or averaging). As one simple
example, consider a block of four 8-bit pixels having data
values of 11111111, 11001100, 10101010, and 11110000,
respectively. The sum of the entire data values equals
1101100101, whereas the sum of the LSBs of respective of 1,
0, 0, and O equals 1.
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[0034] Inoneembodiment, the blur-probable signal may be
used to provide an indication to the photographer. The blur-
probable signal may be used, for example, to provide a visual
indication or an icon on a display screen of the display device.
For instance, if the blur-probable signal indicates that it is
probable that a blurred image will be captured, anicon may be
displayed. On the other hand, if the blur-probable signal
indicates that it is probable that a shake-free image may be
captured, the icon may be removed from the display screen or
modified. In addition to a visual indication, the blur-probable
signal may be used to provide an audible indication to the
photographer, which may be provided via a speaker.

[0035] In another embodiment, the blur-probable signal
may be used to cause a digital photograph to be automatically
captured. In this case, the blur-probable signal causes a frame
output by the camera module 24, e.g., a “third” frame, to be
stored in a nonvolatile memory 30. This third frame is a frame
other than the two compared frames. In addition, the blur-
probable signal may cause the camera module 24 to output a
high-resolution frame for storage in the memory 30.

[0036] FIG. 2 illustrates an exemplary frame 38, i.e., a
two-dimensional array of pixel locations, and two exemplary
pixel blocks 40. The frame 38 is a 93x69 array of pixel
locations, and the blocks 40 are 5x4 arrays of pixel locations.
Typically, the frame 22 is larger than shown in FIG. 2. The
blocks 40 may be larger, smaller, or the same size as depicted.
Preferably, all of the blocks 40 are the same size, but this is not
critical. The frame 38 includes 6,417 pixel locations and each
block 40 includes 20 pixel locations. Thus, in this example,
eachblock 40 is a 0.31 percent sample of the frame 38. In one
embodiment, a frame (or array of pixel locations) has a reso-
Iution of 640x480 and each pixel block has a resolution of
32x32. Each block in this embodiment includes 1,024 pixel
locations, which corresponds with a 0.33 percent sample of
the frame’s 307,200 pixel locations.

[0037] FIG. 3A illustrates a first exemplary spatial distri-
bution of pixel blocks in a frame 38 according to one embodi-
ment of the present disclosure. The spatial distribution shown
in FIG. 3A may be advantageous when capturing an image of
alandscape. In FIG. 3A, nine regions of the two-dimensional
array of pixel locations are specified by dividing the array into
vertical and horizontal bands. The vertical bands may be of
equal width and the horizontal bands may be of equal height.
Each intersection of one of the vertical and one of the hori-
zontal bands is specified as aregion. As can be seen from FIG.
3 A, in this embodiment the spatial distribution of nine pixel
blocks PB1-PB9 situates one block at a site within each of the
nine regions. These sites may be centered within the regions
as shown, though this is not critical.

[0038] FIGS. 3B and 3C illustrate second and third exem-
plary spatial distribution of pixel blocks in a frame 38. In
FIGS. 3B, 3C, nine regions of the pixel array are specified by
dividing the array into left, central, and right vertical bands
(LVB, CVB, and RVB) and top, central, and bottom horizon-
tal bands (THB, CHB, and BHB). Like FIG. 3A, the vertical
bands may be of equal width and the horizontal bands may be
of equal height. A center region 42 is specified at the inter-
section of the central vertical band CVB and the central
horizontal band CHB. In addition, top-center and bottom-
center regions 44, 46 are specified at the intersections of the
central vertical band CVB and, respectively, the top and bot-
tom horizontal bands THB, BHB. Further, left-center and
right-center regions 48, 50 are specified at the intersections of
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the central horizontal band CHB and, respectively, the left
and right vertical bands LVB, RVB.

[0039] In FIG. 3B, the spatial distribution of pixel blocks
situates five sites (corresponding with PB1-PB5) in the center
region 42, and one site (corresponding with PB6, PB7, PBS,
and PB9, respectively) in each of the top-center, bottom-
center, left-center, and right-center regions 44, 46, 48, and 50.
While five sites are shown being situated in the center region
42, this is not critical though it is preferred that at least two
sites are situated in the center region. The spatial distribution
shown in FIG. 3B may be advantageous when capturing a
portrait-type image.

[0040] In FIG. 3C, the spatial distribution of pixel blocks
situates one site (corresponding with PB1, PB6, PB7, PBS,
and PB9) in each of the center, top-center, bottom-center,
left-center, and right-center regions 42, 44, 46, 48, and 50.
While the sites in the center, top-center, bottom-center, left-
center, and right-center regions are shown as being situated in
the center of the respective regions, this is not critical. In
addition, the shown spatial distribution situates pixel blocks
at four additional sites (corresponding with PB2-PB5). These
additional sites are centered at each four-corner junction 52
where corners of four regions meet. The spatial distribution
shown in FIG. 3C may be advantageous when capturing an
image in which a feature of interest is aligned with one of the
corners where four of the regions meet. (Lines 54 used to form
the vertical and horizontal bands may be visibly displayed in
a view finder mechanism so that the photographer may align
a feature of interest with one of the four-corner junctions 52.)
[0041] For convenience of explanation, the spatial distribu-
tions of pixel blocks described above may be referred to in
this specification as “landscape” mode (FIG. 3A), “portrait™
mode (FIG. 3A), and “rule-of-three” mode (FIG. 3C), respec-
tively.

[0042] In the shown spatial distributions for landscape
mode, portrait mode, and rule-of-three mode, nine blocks of
pixels are specified. If the frame has a resolution of 640x480
and each pixel block has a resolution of 32x32, then each of
the nine blocks includes 0.33 percent of the frame’s pixel
locations. Thus, approximately three percent of the pixels of
the first and second frame are compared. By varying the
resolution (size) of the pixel blocks, the percentage of pixels
that are compared may be varied. Similarly, by varying the
number of pixel blocks, the percentage of pixels that are
compared may be varied.

[0043] As mentioned above, the similarity parameters for
pairs of spatially-corresponding blocks of the first and second
frames may take values other than one if the pair is similar.
The block-pair similarity determinations may be weighted
according to their spatial position in the pixel array. As an
example of such weighting, each block-pair similarity deter-
mination may be equally weighted in the landscape mode. As
another example, in the portrait mode, the block-pair similar-
ity determinations for blocks in the center region may be
weighted more heavily than the determinations for blocks
situated at sites in the top-center, bottom-center, left-center,
and right-center regions. In yet another example, in the rule-
of-three mode, the block-pair similarity determinations for
blocks (PB2-PBS5) situated at sites centered on a four-corner
junction 46 may be weighted more heavily than the determi-
nations for blocks situated at sites in the center, top-center,
bottom-center, left-center, and right-center regions.

[0044] As mentioned above, it is not essential that all of the
blocks of pixels 34 be of the same size. In one embodiment,

Jun. 19, 2008

the pixel blocks (PB1-PB5) situated at sites in the center
region 42 in portrait mode may be larger than the sites situated
in each of the top-center, bottom-center, left-center, and right-
center regions 44, 46, 48, and 50. In another embodiment, the
pixel blocks (PB2-PB5) situated at sites centered on a four-
corner junction 52 in the rule-of-three mode may be larger
than the blocks situated at sites in the center, top-center,
bottom-center, left-center, and right-center regions.

[0045] The spatial distribution of pixel blocks for land-
scape, portrait, rule-of-three, or other mode for a particular
frame resolution may be stored in a memory. If the block-pair
similarity determinations are weighted according to their spa-
tial position, the weighting scheme may also be stored in a
memory. In addition, the resolution of the pixel blocks, e.g.,
32x32, for a particular frame resolution, e.g., 640x480, may
be stored in a memory. For example, the distribution, weight-
ings, and resolutions may be stored in dedicated registers 65.
Alternatively, this information may be stored in the memory
32.

[0046] In one embodiment, the photographer may select
one of the landscape, portrait, or rule-of-three modes for a
particular shot. In an alternative embodiment, one of the
landscape, portrait, or rule-of-three modes may be automati-
cally selected for the photographer when he sets a focus
setting for a particular shot.

[0047] Referring to FIG. 1, the host 22 may be a micropro-
cessor, a DSP, computer, or any other type of device for
controlling a system 20. The host 22 may control operations
by executing instructions that are stored in or on machine-
readable media. The system 20 may also include a memory
56, which may be an SRAM, DRAM, Flash, hard disk, optical
disk, floppy disk, or any other type of memory. The host 22
may communicate with the display controller 26, the memory
56, and other system components over a bus 58. The bus 58 is
coupled with a host interface 60 in the display controller 26.
[0048] The display controller 26 may be a separate inte-
grated circuit from the remaining elements of the system 20,
that is, the display controller may be “remote” from the host
22, camera module 24, and display device 28. The display
device 28 may be an LCD, but any device capable of render-
ing pixel data in visually perceivable form may be employed.
For example, the display device 28 may be a CRT, LED,
OLED, or a plasma device.

[0049] The camera module 24 may be programmatically
controlled through a camera control interface 63 (“CAM
CNTRL I/F”) in the display controller 26. A bus 64 couples
the camera control interface 63 with the camera module 24.
The bus 64 may be an inter-IC bus. The display controller 26
may receive vertical and horizontal synchronizing signals
from the camera module 24 and provide a clocking signal to
the camera module 24 for clocking pixel data out of the
camera module via a bus 66. A camera data interface 68
(“CAM DATA 1/F”) is provided in the display controller 26
for receiving image data output on the bus 66 from the camera
module 24. The bus 66 may be a parallel or serial bus.
[0050] The camera module 24 includes an image sensor
(not shown). The image sensor may be a charge-coupled
device, a complementary metal-oxide semiconductor device,
or other type of sensor, which includes an array of sensor
pixels. The camera module 24 may be programmed to set the
length of time that each sensor pixel integrates light, i.e., an
exposure period. During each exposure period the entire array
of sensor pixels may be exposed to the subject to be imaged,
resulting in the capture of the raw data needed for the creation
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of one frame. The camera module 24 may be capable of
performing the various image processing operations neces-
sary to create a frame from the raw data, such as white balance
adjustment, color filter array interpolation (de-mosaicing),
and gamma correction. The exposure of the sensor array and
the processing to create pixels may bereferred to as a “capture
event”” A capture event typically results in the creation of a
full frame in a particular resolution, but may result in the
creation of only pixels located within specified pixel blocks.

[0051] The camera module 24 may output (a) each frame
that it captures to the display controller 26 in its entirety, or (b)
only the pixels within specified pixel blocks. If the camera
module transfers full frames, the resolution and exposure
period of the frame may be programmed. If the camera mod-
ule transfers pixel blocks, the size, number, and location of
the pixel blocks, along with the exposure period, may be
programmed. The rate at which the camera module 24 outputs
full frames is referred to herein as the “frame transfer rate.”
The rate at which the camera module 24 outputs pixel blocks
is referred to herein as the “pixel block transfer rate.”” The
frame and pixel block transfer rates are distinct from the
exposure period. One reason for this is that the time it takes to
process and transfer the image data may be longer than the
exposure period. The time difference between a transfer rate
and an exposure period may be particularly large if the frame
has a high resolution and the exposure period is short.

[0052] FIG. 4A illustrates a first exemplary timing sce-
nario. In the first scenario, the camera module 24 outputs full
frames for transfer to the display controller 26 at a first frame
transfer rate FR1. On each rising edge of FR1, the camera
module 24 outputs a video frame suitable for preview mode.
On the rising edge of PH1, a frame suitable for digital pho-
tography is output, i.e., a “high” resolution frame. FIG. 4B
illustrates a second exemplary timing scenario. In the second
scenario, the camera module 24 outputs pixel blocks for
transfer to the display controller 26 at a first pixel block
transfer rate FR2. On each rising edge of FR2, the pixel
blocks corresponding with one frame in a stream of frames
are output. On the rising edge of PH2, a frame suitable for
digital photography is output.

[0053] In order to capture a digital photograph that is not
under or overexposed, a certain exposure period is required.
The required exposure period depends on the particular light-
ing conditions and camera aperture. The required exposure
period will, in many cases, be different from the exposure
period used for capturing video frames or pixel blocks. For
instance, for a video frame rate of 30 fps, the exposure period
for each frame may be Y50 sec. In contrast, the required
exposure period for a photograph in low light may be 4 sec.

[0054] According to the principles of the present invention,
an inference may be made that the camera is being held
sufficiently still so that a shake-free image may be captured.
The exposure period used for capturing video frames (or pixel
blocks) and the time between capturing successive frames in
comparison to the required exposure period for a photograph
influences the degree of confidence in a prediction made in
such an inference. Continuing the example, for a video frame
rate of 30 fps, 7.5 frames, each having a %40 sec. exposure, are
output by the camera module in a %4 of a second. Because the
time difference between successive frames is smaller than the
required exposure period, I have recognized that the degree of
confidence that may be placed in a prediction that a shake-free
image may be captured could be diminished.
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[0055] In situations where there confidence of a prediction
according to the principles of present invention may be
reduced, several steps may be taken to increase confidence.
First, the block-level threshold used in block-pair similarity
determinations may be adjusted, e.g., reduced, and the frame
level threshold used in frame similarity determinations may
be adjusted, e.g., reduced. Additionally, both thresholds may
be adjusted. Alternatively, the time period between the two
frames (or sets of pixel blocks) to be compared may be
increased. For instance, instead of comparing two successive
frames, one or more frames may be skipped between the two
frames that are compared. In addition, both the thresholds and
the time between frames may be increased.

[0056] Because the time period between the two frames (or
sets of pixel blocks) that are compared may be increased for
the reasons described above, it should be understood that the
term “second frame,” as used in this description and in the
claims, does not necessarily refer to the frame which is
numerically second in a sequence of frames, i.e., the frame
immediately following the first frame. The “second frame”
simply means some other frame than the first frame. For
example, when it is said herein that the shake detection mod-
ule 34 determines whether the first and second frames are
similar, the second frame may be the next frame in the
sequence following the first frame, or the second frame may
be some later frame in the sequence, e.g., the third, fifth, or
fifteenth frame.

[0057] In one embodiment, the memory 32 serves as a
frame bufter for storing image data. The memory 32 may be
of'the SRAM type, but the memory 32 may also be a DRAM,
Flash memory, hard disk, optical disk, floppy disk, or any
other type of memory. The memory 32 may receive a frame of
image data that is ready for display, and thereafter the frame
is fetched and transmitted to the display device 28. The dis-
play controller 26 includes a display device interface 70, and
aframe of data for display is transmitted to the display device
28 via the display device interface 70 and a display device bus
72. The memory 32 may be relatively small, having a capacity
to store only a single low-resolution frame. As one example,
the memory 32 may have a capacity of 310 Kb for storing a
160x120 frame, where each pixel is represented by 16 bits. In
an alternative embodiment, the memory 32 may have a capac-
ity to store more than a single low-resolution frame, though it
is generally desirable to keep the memory 32 as small as
possible.

[0058] As mentioned above, the non-volatile memory 30
may be used to store digital photographs. The non-volatile
memory 30 may be a Flash, hard disk, optical disk, floppy
disk, magnetic tape, SD card, or any other type of memory
capable of retaining information stored in the memory regard-
less of whether power is provided to the memory. The
memory 30 is coupled with the output of the camera data
interface 68 via a write control unit 74. The memory 30 may
be separate from or embedded in the display controller 26. In
one embodiment, the memory 30 may be coupled with the
display controller 26 via a network, such as cellular telephone
network or the internet, and image data is transmitted over the
network to the memory 30.

[0059] Itwill be appreciated that the system 20 may include
additional components. In addition, the display controller 26
may perform may include additional modules, units, or com-
ponents. In order to not needlessly complicate the present
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disclosure, only modules, units, or components believed to be
necessary for understanding the principles of the invention
have been described.

[0060] FIGS. 5A and 5B illustrate one embodiment of the
shake detection module 34 in greater detail. Referring to FIG.
5A, a pixel counter 78 monitors pixel data transmitted on the
bus 79 and provides coordinates of each pixel to compare unit
80. The coordinates of each pixel in one of the pixel blocks are
stored in the coordinate memory 82. In one embodiment, nine
pixel blocks are specified, and the coordinate location of each
pixel in each of the nine blocks are stored in the coordinate
memory 82. The coordinate memory 82 may be a set of
registers. The compare unit 80 compares the pixel coordi-
nates of the pixel currently on the bus 79 with the coordinate
locations stored in the coordinate memory 82. Whenever the
result of' a comparison by the compare unit 80 indicates that a
pixel currently on the bus 79 is a pixel within one of the pixel
blocks, the compare unit 80 provides a signal to the accumu-
late unit 84, which causes the accumulate unit 84 to sample
the pixel currently on the bus 36. The accumulate unit 84 uses
the pixels sampled from the bus 79 in this manner to calculate
block parameters for each specified pixel block.

[0061] The accumulate unit 84 may calculate a block
parameter from the pixels of each block by summing the
pixels in the block. In an alternative embodiment, the accu-
mulate unit 84 calculates a block parameter by averaging the
pixels in a block. Additionally, as described elsewhere, the
accumulate unit 84 may calculate block parameters using
fewer than all of the bits of each pixel ina block, e.g., using the
K™ bit of each pixel. The accumulate unit 84 may store each
block parameter that it calculates in one of the registers 86,
88.

[0062] The registers 86 (enclosed by dashed line 90) are
used for a first frame, while the registers 88 (enclosed by
dashed line 92) are used for a second frame. Each register 86,
88 stores a block parameter for one block. In alternative
embodiments, there may be more or fewer blocks 40 and
accordingly more or fewer registers 86, 88 may be provided.
Generally, for each register 86 there is a corresponding reg-
ister 88. For example, the register 86 labeled “Block 1” cor-
responds with the register 88 labeled “Block 1.” This pair of
registers stores block parameters for spatially-corresponding
blocks of first and second frames.

[0063] The registers 86, 88 are coupled with a compare unit
94. The compare unit 94 compares spatially-corresponding
blocks to generate block-pair similarity determinations. For
example, the compare unit 94 may compare a block param-
eter stored in the register 86 labeled “Block 1” with a block
parameter stored in the register 88 labeled “Block 1.” The
compare unit 94 may subtract one block parameter from
another, and compare the difference with zero. If the differ-
ence equals zero, then the compare unit 94 determines that the
blocks are similar. Optionally, the compare unit 94 may com-
pare the difference between two block parameters with a
non-zero block threshold. With this option, after the compare
unit 94 subtracts one block parameter from another, the dif-
ference is compared with the non-zero block threshold. If the
difference is less than the non-zero block threshold, then the
compare unit 94 determines that the blocks are similar. A
block-level register 96 may be used to store a block-level
threshold.

[0064] In one embodiment, the block-level threshold reg-
ister 96 may be used to store two or more block-level thresh-
olds. In this case, different block thresholds may be used for
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different pairs of spatially-corresponding blocks. The par-
ticular block-level threshold that is used may be a function of
the location of the block in the frame. For example, the
difference between “block 1” of the first frame and “block 17
of the second frame may be compared to a first threshold,
while the difference between “block 2 of the first frame and
“block 2” of the second frame may be compared to a second
threshold. The “blocks 1,” for example, may be in a central
region and the “blocks 2”” may be in a non-central region. In
one embodiment, in portrait mode a first threshold for blocks
PB1-PBS5 in a central region is lower than a second threshold
for blocks PB6-PB9 in non-central regions 38, 40,42, and 44.

[0065] The compare unit 94 stores block-pair similarity
determinations in the registers labeled “Pair 1,” “Pair 2,” “Pair
3,” etc. indicated generally by arrow 98. In one embodiment,
nine pixel blocks are specified, and accordingly nine registers
98 are provided. In alternative embodiments, more or fewer
registers 98 may be provided. Each register 98 stores a simi-
larity determination for one of the spatially-corresponding
pairs of blocks of the first and second frames. In one embodi-
ment, a block-pair similarity determination is a binary data
element, i.e., 1 or 0. However, this is not critical. In another
embodiment, block-pair similarity determinations may be
weighted according to their spatial position in the pixel array.

[0066] Referring now to FIG. 5B, it can be seen that the
registers 98 are coupled with a combine unit 100, which
generates frame similarity determinations. The combine unit
100 may combine the block-pair similarity determinations for
each of the spatially-corresponding pairs of pixel blocks by
summing the respective block-pair determinations. In one
alternative, the combine unit 100 may combine the block-pair
similarity determinations by averaging the block-pair deter-
minations. The combined similarity determination, i.e., the
sum or average of the individual similarity determinations, is
then compared by a compare unit 102 with a frame-level
tolerance or threshold, which may be stored in a register 104.
If the result of the comparison is that the combined similarity
determinations are greater than the frame-level threshold,
then it may be inferred that the frames are similar, and the
blur-probable signal may be asserted on the line 36. If the
combined similarity determination is less than (or equal to)
the frame threshold, the blur-probable signal may be de-
asserted.

[0067] It should be appreciated that the registers 65, 82, 86,
88, 96, 98, 104 and other similar registers needed to store
calculation results or parameters may, in alternative embodi-
ments, be any type of memory device. For example, in one
embodiment, some or all of the registers 65, 82, 86, 88, 96, 98,
104 may be provided as memory locations in the memory 32.
In another embodiment, some or all of the registers 65, 82, 86,
88, 96, 98, 104 may be provided as memory locations in the
memory 56.

[0068] In one embodiment, the shake detection module 34
may perform some or all of the operations and methods
described in this description by executing instructions that are
stored in or on machine-readable media.

[0069] In one embodiment, different frame threshold val-
ues may be stored in the register 104 for different photogra-
phers.

[0070] Referring again to FIG. 1, it can be seen that the
blur-probable signal on line 36 is provided to the memory 32,
to the host interface 60, the camera control interface 63, and
the write control unit 74.

Snap Inc. - EX1024, Page 0018



US 2008/0144955 Al

[0071] Inoneembodiment, the blur-probable signal is used
to provide a visual indication or an icon on the display device
28. As mentioned above, when the blur-probable signal is
asserted, it is because first and second frames are similar, and
it may be inferred that it is probable that a shake-free image
can be captured. In one embodiment, when the blur-probable
signal is asserted, the shake detection unit 34 may cause a
portion ofthe frame stored in the memory 32 to be overwritten
with a visual indication or icon indicating that it is probable
that a shake-free frame may be captured. As a result of storing
the visual indication in memory 32, the visual indication will
be rendered on the display device 28. On the other hand, if the
blur-probable signal is de-asserted, the visual indication or
icon may be removed or modified. The shake detection unit
34 may accomplish this removal or modification by causing a
portion ofthe frame stored in the memory 32 to be overwritten
with a visual indication or icon indicating that it is probable
that a blurred image will be captured. As mentioned the
display device 28 may serve as a viewfinder for the photog-
rapher. In this way, the photographer may be alerted as to
whether the capture of a shake-free image is probable. Where
an optical viewfinder is provided, the display device 28 may
be integrated with the optical viewfinder in a manner which
provides for visually alerting the photographer of the status of
the blur-probable signal.

[0072] In one alternative, the blur-probable signal may be
provided to the host interface 60 which in turn provides a
signal to the host 22. In this alternative, the host 22 rather than
the shake detection unit may cause a visual indication, such as
an icon indicating that the capture of a shake-free image is
probable, to be rendered on a display device 28.

[0073] Inoneembodiment, the blur-probable signal may be
used to provide an audible indication to the photographer. For
example, the system 20 may include a speaker 106. Upon
receipt of a signal from the host interface 60, the host 22 may
cause an audible signal to be played on the speaker 106.
Alternatively, logic within the display controller (not shown)
may cause the speaker 106 to play the audible signal.

[0074] In another embodiment, the camera control inter-
face 63, in response to receiving the blur-probable signal,
programs the camera module 24 to output a third frame which
may have a different resolution than the first and second
frames. For example, if the first and second frames are low-
resolution video frames, assertion of the blur-probable signal
may cause the camera module 24 to output a third high-
resolution frame. Similarly, if the blur-probable signal is
asserted based on the comparison of first and second sets of
pixels block, the signal may cause the camera module 24 to
output a high-resolution frame suitable for digital photogra-
phy.

[0075] Inyetanother embodiment, the blur-probable signal
may be provided to the write control unit 74. In response to
receiving the blur-probable signal, the write control unit 74
causes a frame to be stored in the non-volatile memory 30. For
example, the camera module 24 may output a third high-
resolution frame in response to receiving the blur-probable
signal. The write control unit 74 may cause this third frame to
be stored in the non-volatile memory 30.

[0076] The blur-probable signal may also be used to auto-
matically capture a digital photograph in an alternative sys-
tem 108 shown in FIG. 6. The system 108 is similar to the
system 20 described above. However, the system 108 is pro-
vided with a display controller 27 having a memory 110 in
lieu of the memory 32. The memory 110 differs from the
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memory 32 in that it has the capacity to store both at least one
low-resolution frame for use in driving the display device 28,
and at least one high-resolution frame. The system 108 also
differs from the system 20 in that the display controller 27
may include an optional thinning unit 112.

[0077] In operation, the camera module 24 outputs high-
resolution frames on the bus 66. The camera data interface
unit 68 provides one copy of the high-resolution frames to the
memory 110 via a bus 114. As each successive frame in a
stream of frames are provided, the previously stored high-
resolution frame is overwritten in the memory 10. The camera
data interface unit 68 also provides a copy of the high-reso-
Iution frames to the thinning unit 112 via a bus 116. The
thinning unit 112 reduces the resolution of each high-resolu-
tion frame so that it is of a resolution suitable for display on
the display device 28. The thinning unit 112 writes the
reduced-resolution frames to the memory 110 where they are
temporarily buffered before display. If an optical viewfinder
is employed, the thinning unit 112 may not be needed.
[0078] Assertion of the blur-probable signal causes the
write control module 118 to copy a high resolution frame
stored in the memory 110 to the non-volatile memory 30. The
frame which is copied to the memory 30 may be one of the
two frames used in the block comparison. Specifically, the
“second” frame may be copied to the non-volatile memory 30
as a digital photograph, which is in contrast to the system 20
which stores a third frame in the non-volatile memory 30 as a
digital photograph.

[0079] FIGS. 7A, 7B, and 7C illustrate a method according
to one embodiment of the present disclosure. Referring first to
FIG. 7A, the method includes a step 120 of defining resolu-
tion for a set of pixel blocks. The pixel blocks may be any
desired size. Preferably, all of the pixel blocks are the same
size, but this is not critical. In addition, the first method
includes a step 122 of specifying a particular number of pixel
blocks and the spatial distribution for the pixel blocks. In this
step 122, a spatial distribution associated with the landscape,
portrait, or rule-of-three modes may be specified.

[0080] Referring to FIG. 7B, a frame of pixel data is
received (step 124). The frame is preferably received pixel-
by-pixel in a particular order, e.g., raster order. As each pixel
of'the frame is received, it is determined whether the location
of the pixel is within one of the specified pixel blocks (step
126). For pixels identified as being within a pixel block, the
data value for the pixel may be added to a running total for the
corresponding pixel block. A running total may be main-
tained for each pixel block in the frame. When the entire
frame has been received, the respective running totals will
represent the sum of pixel values in each of the pixel blocks
specified for the frame. The stored sums may be used as the
block parameters. Alternatively, the stored sums may be used
to calculate an average of the pixel values, which may then be
used as block parameters. In either case, a block parameter is
stored in memory for each block of the current frame.
[0081] Inone alternative, a set of pixel blocks correspond-
ing with a particular capture event is received in step 124. In
this alternative, it is not necessary to determine whether the
location of the pixel is within one of the specified pixel blocks
in step 126.

[0082] Inone embodiment, when calculating block param-
eters, it is not essential that the entire pixel datum be used in
the calculating the sum (or average) of the pixels in a block.
The step 126 may optionally include selecting a particular bit
of each sampled pixel, e.g., the K” bit. In this embodiment,

Snap Inc. - EX1024, Page 0019



US 2008/0144955 Al

instead of summing (or averaging) the data values of the
pixels in a block, the block parameter is calculated by sum-
ming (or averaging) the K bit values of the pixels in the
block. Any bit position of a pixel may be selected as the K
bit. In one embodiment, the K bit is the LSB of the pixel data
value.

[0083] A frame count is incremented in step 128 and a test
is performed in step 130 to determine whether two frames
have been received. If it is determined that just one frame has
been received, the method returns to step 124 and step 126 is
repeated for a subsequent frame. When the entire subsequent
frame has been received, block parameters will have been
calculated and stored in a memory for each of the blocks of
the subsequent frame. In step 128, the frame count is again
incremented and the method returns to step 130. If it is deter-
mined in step 130 that two frames have been received, the
method proceeds to step 132.

[0084] In step 132, it is determined, for each pair of spa-
tially-corresponding pixel blocks of the first and second
frames, if the two blocks are similar. The determination may
be made on the basis of whether the sum (or average) of the
pixel values of spatially-corresponding pixel blocks are
equal. Alternatively, the determination may be made on the
basis of whether the sum (or average) of the pixel values of
spatially-corresponding pixel blocks are within a block-level
threshold. All pairs of blocks that are determined to be similar
may be assigned the same value. Alternatively, pairs of blocks
that are determined to be similar may be assigned a weighted
value, where the weight is a function of the location of the
block in the frame. At the conclusion of step 132, a similarity
determination will have been produced for each pair of spa-
tially-corresponding blocks. The step 132 may include stor-
ing each of the block-pair similarity determinations in a
memory.

[0085] Referring to FIG. 7C, in a step 134 the similarity
determinations for each pair of spatially-corresponding pixel
blocks of the two frames are combined. The pairs may be
combined by summing or by averaging the individual block-
pair similarity determinations. The result of the frame simi-
larity determination produced in step 134 may be compared
with a frame threshold in steps 136, 138. It may be inferred
that the first and second frames are similar if the frame simi-
larity determination is within the frame threshold. On the
other hand, it may be inferred that the first and second frames
are not similar if the frame similarity determination is not
within the frame threshold.

[0086] If it is inferred that the first and second frames are
similar, a signal or an indication may be provided that it is
probable that a shake-free image may be captured (step
14054). For example, ablur-probable signal may be asserted. If
it is inferred that the first and second frames are not similar, a
signal or an indication that it is probable that a blurred image
may be captured may be produced (step 140a). For example,
the blur-probable signal may be de-asserted.

[0087] The blur-probable signal produced by the method
shown in FIGS. 7A-7C may be used to provide a visual
indication or an icon on a display device. If the blur-probable
signal indicates that it is probable that a blurred image may be
captured, a visual indication may be displayed. On the other
hand, if the blur-probable signal indicates that it is probable
that a shake-free image may be captured, the visual indication
may be removed or modified. In addition, the blur-probable
signal produced by the method shown in FIGS. 7A-7C may be
used to provide an audible indication to the photographer.
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[0088] Further, the blur-probable signal produced by the
method shown in FIGS. 7A-7C may be used to cause a third
frame in the stream of frames to be automatically captured. In
addition, the blur-probable signal may cause a frame to be
stored in a memory. Moreover, the blur-probable signal pro-
duced by the method shown in FIGS. 7A-7C may be used to
cause a second frame in the stream of frames to be copied
from a first memory to a second memory, e.g., to a non-
volatile memory.

[0089] As described above, the camera module 24 may
output only the pixels within the specified pixel blocks. One
of ordinary skill in the art of camera modules will appreciate
that this function may be implemented in several ways. For
example, a pixel counter similar to pixel counter 78 may be
provided in the camera module 24 to monitor pixel data to be
output. A compare unit and a coordinate memory similar to
the compare unit 80 and coordinate memory 82 may be pro-
vided in the camera module 24 to compare coordinates of
each pixel to be output with the coordinates of pixels within
specified blocks. Output of all pixels other than pixels located
within specified blocks may then be suppressed. As another
example, appropriate logic may be provided in the camera
module 24 so that only the raw data needed to form pixels
located within specified blocks is read out of the image sen-
sor. Once the necessary raw data is read out and processed,
pixels located within specified blocks may be output from the
camera module 24.

[0090] Methods, apparatus, and systems for efficient detec-
tion of camera shake have been described, for the most part,
with respect to implementations in display controllers 26, 27.
In one embodiment, all or part of the described methods and
apparatus may be provided within the camera module 24. In
these embodiments, the camera module 24 may additionally
output the blur-probable signal, which may be provided to the
host interface 60 or the write control module 36. Alterna-
tively, the camera module 24 may route the blur-probable
signal for internal use, such as for capturing and outputting a
high-resolution frame. Additionally, the camera module 24
may both output the blur-probable signal for external use and
route the blur-probable signal within the camera module 24
for internal use.

[0091] “Real-time,” as used in this specification and in the
claims, refers to operations that are performed with respect to
an external time frame. More specifically, real-time refers to
an operation or operations that are performed at the same rate
or faster than a process external to the machine or apparatus
performing the operation. It should be appreciated that the
methods and apparatus described in this specification for
determining if first and second frames in a stream of frames
are similar may be performed on a real-time basis.

[0092] It should also be appreciated that the methods and
apparatus described in this specification for determining if
first and second frames in a stream of frames are similar may
be performed without the need to store the first and second
frames in a memory. Because the various calculations
described above may be performed on-the-fly, it is only nec-
essary to provide registers (or other memory) to store block
parameters calculated with respect to the first frame. It is not
necessary that both the first and second frames be stored in
memory at the same time. In other words, it is sufficient to
provide a memory of a size to store only one frame. When the
second frame is received, it may be stored in the memory
overwriting first frame. This reduces memory requirements,
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reducing chip size and saving power. It is helpful but not
critical that the registers for storing parameters of the second
frame be provided.

[0093] In this document, references may be made to “one
embodiment” or “an embodiment.” These references mean
that a particular feature, structure, or characteristic described
in connection with the embodiment is included in at least one
embodiment of the claimed inventions. Thus, the phrases “in
one embodiment” or “an embodiment” in various places are
not necessarily all referring to the same embodiment. Fur-
thermore, particular features, structures, or characteristics
may be combined in one or more embodiments.

[0094] Inthis document, the terms “average” or “averaged”
are intended to include median and mode, as well as an
arithmetic mean.

[0095] Although embodiments have been described in
some detail for purposes of clarity of understanding, it will be
apparent that certain changes and modifications may be prac-
ticed within the scope of the appended claims. Accordingly,
the described embodiments are to be considered as illustrative
and not restrictive, and the claimed inventions are not to be
limited to the details given herein, but may be modified within
the scope and equivalents of the appended claims. Further, the
terms and expressions which have been employed in the
foregoing specification are used as terms of description and
not of limitation, and there is no intention in the use of such
terms and expressions to exclude equivalents of the features
shown and described or portions thereof, it being recognized
that the scope of the inventions are defined and limited only
by the claims which follow.

I claim:

1. A method comprising:

(a) specifying at least two sites in a frame, the sites being
arranged in a particular spatial distribution, each site
corresponding with the pixel locations of a block of
pixels, each block having at least two pixels;

(b) calculating a block parameter for each block of first and
second frames in a sequence of frames, each block
parameter being calculated from the pixels of a respec-
tive one of the blocks;

(c) generating a block-pair similarity determination for
each pair of spatially-corresponding pixel blocks of the
first and second frames by determining whether there is
a difference between the respective block parameters
which is greater than a particular block-level threshold;
and

(d) generating a frame similarity determination by combin-
ing the block-pair similarity determinations.

2. The method of claim 1, further comprising specifying
nine regions by dividing the frame into three equal-width,
vertical bands and three equal-height, horizontal bands, and
setting each intersection of one of the vertical and one of the
horizontal bands as one of the regions, wherein the particular
spatial distribution situates one site in each of the nine
regions.

3. The method of claim 1, further comprising specifying
nine regions by dividing the frame into three equal-width,
vertical bands and three equal-height, horizontal bands, and
setting each intersection of one of the vertical and one of the
horizontal bands as one of the regions, wherein a center
region is specified by the intersection of a central vertical
band and a central horizontal band, top-center and bottom-
center regions are respectively specified by the intersections
of the central vertical band and top and bottom horizontal
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bands, and left-center and right-center regions are respec-
tively specified by the intersections of the central horizontal
band and left and right vertical bands, wherein the particular
spatial distribution situates at least two sites in the center
region and one site in each of the top-center, bottom-center,
left-center, and right-center regions.

4. The method of claim 1, further comprising specifying
nine regions by dividing the frame into three equal-width,
vertical bands and three equal-height, horizontal bands, and
setting each intersection of one of the vertical and one of the
horizontal bands as one of the regions, wherein a center
region is specified by the intersection of a central vertical
band and a central horizontal band, top-center and bottom-
center regions are respectively specified by the intersections
of the central vertical band and top and bottom horizontal
bands, and left-center and right-center regions are respec-
tively specified by the intersections of the central horizontal
band and left and right vertical bands, wherein the particular
spatial distribution situates one site in each of the center,
top-center, bottom-center, left-center, and right-center
regions, and one site centered at each four-corner junction
where corners of four regions meet.

5. The method of claim 1, wherein each pixel is defined by
at least two bits and the block parameters are calculated using
fewer than all of the bits of each pixel.

6. The method of claim 5, further comprising specifying
nine regions by dividing the frame into three equal-width,
vertical bands and three equal-height, horizontal bands, and
setting each intersection of one of the vertical and one of the
horizontal bands as one of the regions, wherein the particular
spatial distribution situates one site in each of the nine
regions.

7. The method of claim 5, further comprising specifying
nine regions by dividing the frame into three equal-width,
vertical bands and three equal-height, horizontal bands, and
setting each intersection of one of the vertical and one of the
horizontal bands as one of the regions, wherein a center
region is specified by the intersection of a central vertical
band and a central horizontal band, top-center and bottom-
center regions are respectively specified by the intersections
of the central vertical band and top and bottom horizontal
bands, and left-center and right-center regions are respec-
tively specified by the intersections of the central horizontal
band and left and right vertical bands, wherein the particular
spatial distribution situates at least two sites in the center
region and one site in each of the top-center, bottom-center,
left-center, and right-center regions.

8. The method of claim 5, further comprising specifying
nine regions by dividing the frame into three equal-width,
vertical bands and three equal-height, horizontal bands, and
setting each intersection of one of the vertical and one of the
horizontal bands as one of the regions, wherein a center
region is specified by the intersection of a central vertical
band and a central horizontal band, top-center and bottom-
center regions are respectively specified by the intersections
of the central vertical band and top and bottom horizontal
bands, and left-center and right-center regions are respec-
tively specified by the intersections of the central horizontal
band and left and right vertical bands, wherein the particular
spatial distribution situates one site in each of the center,
top-center, bottom-center, left-center, and right-center
regions, and one site centered at each four-corner junction
where corners of four regions meet.
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9. The method of claim 1, wherein the particular block-
level threshold used to generate a block-pair similarity deter-
mination for a first pair of spatially-corresponding blocks is
distinct from the block-level threshold used to generate a
block-pair similarity determination for a second pair of spa-
tially-corresponding blocks.

10. The method of claim 1, wherein generating a frame
similarity determination by combining block-pair similarity
determinations includes assigning a first weight to a block-
pair similarity determination for a first block pair and assign-
ing a second weight to a block-pair similarity determination
for a second block pair, the first and second weights being
distinct.

11. The method of claim 1, further comprising rendering an
indication corresponding with the frame similarity determi-
nation in a user-interface device.

12. The method of claim 1, further comprising storing a
third frame in the sequence of frames in a nonvolatile memory
if the frame similarity determination indicates that a shake-
free image is probable.

13. The method of claim 1, further comprising storing the
second frame in a nonvolatile memory if the frame similarity
determination indicates that a shake-free image is probable.

14. A circuit coupled with a bus for transmitting frames of
pixels, the circuit comprising:

a first unit to sample a pixel transmitted on the bus if the
coordinate location of the pixel is within one of at least
two specified blocks of pixels of a frame, and to calculate
a block parameter for each block from the sampled pix-
els, wherein each of the blocks is situated at a distinct site
in the frame and the sites are arranged in a particular
spatial distribution;

a first memory to store the block parameters calculated for
a first frame in a sequence of frames;

a second unit to generate a block-pair similarity determi-
nation for each pair of spatially-corresponding pixel
blocks of the first and a second frame in the sequence of
frames; and

a third unit to a generate frame similarity determination by
combining the block-pair similarity determinations gen-
erated for the first and second frames.

15. The circuit of claim 14, further comprising a second
memory to store a frame of pixels and a fourth unit to control
the storing of frames in the second memory, wherein when the
fourth unit causes a third frame to be stored in the memory in
response to a frame similarity determination which indicates
that the first and second frames are similar.

16. The circuit of claim 14, further comprising a fifth unit
to cause a user interface device to render an indication corre-
sponding with the frame similarity determination.

17. The circuit of claim 14, wherein each pixel is defined by
at least two bits and the block parameters are calculated using
fewer than all of the bits of each pixel.
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18. The circuit of claim 14, wherein frame similarity deter-
minations are generated in real-time.

19. A system, comprising:

a camera module to output pixels within specified pixel
blocks, the specified pixel blocks being situated at dis-
tinct sites in a frame, the sites being arranged in a par-
ticular spatial distribution, the pixels corresponding with
a particular capture event; and

a display controller to (a) calculate a block parameter for
each of the specified pixel blocks, (b) generate a block-
pair similarity determination for each pair of spatially-
corresponding pixel blocks of a first and a second set of
pixel blocks, the first and second sets corresponding
with first and second capture events, and (c) generate a
frame similarity determination by combining the block-
pair similarity determinations generated for the first and
second sets of pixel blocks.

20. The system of claim 19, wherein each pixel is defined
by at least two bits and the block parameters are calculated
using fewer than all of the bits of each pixel.

21. The system of claim 19, wherein, in response to a
particular frame similarity determination, the display control-
ler causes the camera module to output a frame, the frame
corresponding with a third capture event.

22. The system of claim 21, further comprising a memory,
wherein the display controller stores the frame corresponding
with the third capture event in the memory.

23. The circuit of claim 19, further comprising a display
device wherein, in response to a particular frame similarity
determination, the display controller causes an indication to
be rendered on the display device corresponding with the
frame similarity determination.

24. The system of claim 21, wherein the camera module
outputs a sequence of frames, each frame in the sequence
corresponding with a particular capture event, and the pixels
within the specified pixel blocks are included in the sequence
of frames, and wherein the display controller identifies pixels
within the specified pixel blocks for use in calculating the
block parameters.

25. The system of claim 24, wherein, in response to a
particular frame similarity determination, the display control-
ler causes the camera module to output a frame, the frame
corresponding with a third capture event.

26. The system of claim 25, further comprising a memory,
wherein the display controller stores the frame corresponding
with a third capture event in the memory.

27. The system of claim 24, wherein, in response to a
particular frame similarity determination, the display control-
ler causes the camera module to output a frame, the frame
corresponding with the second capture event.

28. The system of claim 27, further comprising a memory,
wherein the display controller stores the frame corresponding
with the second capture event in the memory.
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