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ABSTRACT

Embodiments of the present application automatically utilize
parallel image captures in an image processing pipeline. In
one embodiment, image processing circuitry concurrently
receives first image data to be processed and second image
data to be processed, wherein the second image data is pro
cessed to aid in enhancement of the first image data.

DISPLAY

SENSOR(S)

FRONT-END
PROCESSING
LOGIC

CONTROL LOGIC

100

Jan. 24, 2013

PIPELINE
PROCESSING
LOGIC

Patent Application Publication

Jan. 24, 2013 Sheet 1 of 13

US 2013/0021504 A1

108
MEMORY
150
IMAGING DEVICE

106

DISPLAY

FRONT-END
PROCESSING
LOGIC

PIPELINE
PROCESSING
LOGIC

CONTROL LOGIC

100

FIG. 1

Patent Application Publication

Jan. 24, 2013 Sheet 2 of 13

US 2013/0021504 A1

Patent Application Publication

Jan. 24, 2013 Sheet 3 of 13

US 2013/0021504 A1

Patent Application Publication

Jan. 24, 2013 Sheet 4 of 13

/

Z $7

US 2013/0021504 A1

Patent Application Publication

Jan. 24, 2013 Sheet 5 of 13

NC|OI?-N|E O€)NIRSHcE]

O|S OT

US 2013/0021504 A1

Patent Application Publication

Jan. 24, 2013 Sheet 6 of 13

US 2013/0021504 A1

Patent Application Publication

Jan. 24, 2013 Sheet 7 of 13

US 2013/0021504 A1

Patent Application Publication

Jan. 24, 2013 Sheet 8 of 13

099

8|0/ 0

099

J(OSE)N,Jd
068

098

908

US 2013/0021504 A1

Patent Application Publication

Jan. 24, 2013 Sheet 9 of 13

US 2013/0021504 A1

PROVIDEAN MAGING PIPELINE FOR PROCESSING
IMAGES CAPTURED FROM ONE ORMORE IMAGE

SENSORS, WHERE THE IMAGING PIPELINE
FEATURES TWO PARALLEL PATHS FOR PROCESSING
THE IMAGES
902

INA FIRST PARALLEL PATH OF THE PIPELINE,
PROCESS AN INPUT IMAGE OBTAINED FROM THE

IMAGE SENSOR(S) AT FULL-RESOLUTION
04

INA SECOND PARALLEL PATH OF THE PIPELINE,
PROCESS AN INPUT IMAGE OBTANED FROM THE

IMAGE SENSOR(S)ATADOWN-SCALED RESOLUTION
906

OUTPUT FOR DISPLAY THE DOWN-SCALED
RESOLUTION VERSION OF THE INPUT IMAGE FROM
THE SECOND PARALLEL PATH OF THE PIPELINE
BEFORE COMPLETION OF PROCESSING OF THE
INPUT IMAGE AT FULL-RESOLUTION
908

FIG. 9

Patent Application Publication

Jan. 24, 2013 Sheet 10 of 13

US 2013/0021504 A1

PROVIDEAN MAGING PIPELINE FOR PROCESSING
IMAGES CAPTURED FROM ONE ORMORE IMAGE

SENSORS, WHERE THE IMAGING PIPELINE
FEATURESTWO PARALLEL PATHS FOR PROCESSING
THE IMAGES
1OO2

INA FIRST PARALLEL PATH OF THE PIPELINE,
PROCESS AN INPUT IMAGE OBTAINED FROM THE

IMAGE SENSOR(S) AT FULL-RESOLUTION
1004

INA SECOND PARALLEL PATH OF THE PIPELINE,
PROCESS AN INPUT IMAGE OBTAINED FROM THE

IMAGE SENSOR(S)ATADOWN-SCALED RESOLUTION
1006

APPLY FINDINGS OF IMAGE ENHANCEMENT
ANALYSIS ON THE DOWN-SCALED RESOLUTION
VERSION OF THE INPUT IMAGE IN THE SECOND
PARALLEL PATH TO THE FULL-RESOLUTION
VERSION OF THE IMAGE IN THE FIRST PARALLEL
PATH
1008

FIG. 10

Patent Application Publication

Jan. 24, 2013 Sheet 11 of 13

US 2013/0021504 A1

PROVIDE AN IMAGE SIGNAL PROCESSING PIPELINE
FOR PROCESSING IMAGES CAPTURED FROM ONE

ORMORE IMAGE SENSORS, WHERE THE PIPELINE
FEATURES A SINGLE PIPELINE PATH FOR
PROCESSING THE IMAGES.
1102

FEED MULTIPLE INPUT IMAGES INTO THE SINGLE
PIPELINE PATH BY MULTIPLEXING THE DIFFERENT
INPUT IMAGES

1104

FIG. 11

Patent Application Publication

Jan. 24, 2013 Sheet 12 of 13

US 2013/0021504 A1

RECEIVE A SINGLE INPUT IMAGE FROMANIMAGE
SENSOR

GENERATE TWO ORMORE INPUT IMAGES FOR
MULTIPLEXED INPUT INTO A SINGLE PATH OF AN
IMAGE SIGNAL PROCESSING PIPELINE
1204

MULTIPLEX THE MULTIPLE IMAGES THAT HAVE BEEN
GENERATED ON THE SINGLE PIPELINE
1206

FIG. 12

Patent Application Publication

Jan. 24, 2013 Sheet 13 of 13

US 2013/0021504 A1

CAPTURE RAW IMAGE DATA ATA HIGH RESOLUTION
SUITABLE FOR STILLIMAGE PHOTOGRAPHY
1302

SCALE DOWN THE SIZE OF THE CAPTURED IMAGES
TO ARESOLUTION SIZE SUITABLE FOR VIDEO
PROCESSING
1304

FEED THE IMAGE DATA TO THE APPROPRIATE
PIPELINE PROCESSING LOGIC
1306

RESPONSIVE TO A USER OR IMAGING DEVICE

DECIDING TO CAPTURE ANIMAGE STILL FOR THIS
ONE FRAME, STORE THE DESIRED FRAME IN
MEMORY AT THE HIGHER RESOLUTION
1308

PROVIDE THE IMAGE STILL FROMMEMORY
CONCURRENTLY WITH VIDEO PROCESSING TO A
MAIN MAGING PATH IMPLEMENTED BY THE PIPELINE
PROCESSING LOGIC
1308

FIG. 13

US 2013/0021504 A1

Jan. 24, 2013

MULTIPLE IMAGE PROCESSING

ing operations to the image data to generate a full color image
that may be displayed for viewing on a display device, such as

CROSS-REFERENCE TO RELATED
APPLICATION

a monitor.

0001. This application claims priority to copending U.S.
provisional application entitled, "Image Capture Device Sys
tems and Methods,” having Ser. No. 61/509,747, filed Jul. 20,
2011, which is entirely incorporated herein by reference.
BACKGROUND

0002 With current cameras, there is a significant delay
between the capture of an image and the Subsequent display
of a framed image to the user via a viewfinder. Accordingly,
advances in image processing may allow for improvements,
Such as shorter latency.
BRIEF DESCRIPTION OF THE DRAWINGS

0003. Many aspects of the present disclosure can be better
understood with reference to the following drawings. The
components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the
principles of the present disclosure. Moreover, in the draw
ings, like reference numerals designate corresponding parts
throughout the several views.
0004 FIG. 1 is a block diagram of one embodiment of an
image processing circuitry according to the present disclo
SU

0005 FIGS. 2-7 are block diagrams of embodiments of an
image signal processing pipeline implemented by the pipe
line processing logic from the image processing circuitry of
FIG 1.

0006 FIG. 8 is a block diagram illustrating an embodi
ment of an electronic device employing the image processing
circuitry of FIG. 1.
0007 FIGS. 9-13 are flow chart diagrams depicting vari
ous functionalities of embodiments of image processing cir
cuitry of FIG. 1.
DETAILED DESCRIPTION

0008. This disclosure pertains to a device, method, com
puter useable medium, and processor programmed to auto
matically utilize parallel image captures in an image process
ing pipeline in a digital camera, digital video camera, or other
imaging device. One of ordinary skill in the art would recog
nize that the techniques disclosed may also be applied to other
contexts and applications as well.
0009 For cameras in embedded devices, e.g., digital cam
eras, digital video cameras, mobile phones, personal data
assistants (PDAs), tablets, portable music players, and desk
top or laptop computers, to produce more visually pleasing
images, techniques such as those disclosed herein can
improve image quality without incurring significant compu
tational overhead or power costs.
0010. To acquire image data, a digital imaging device may
include an image sensor that provides a number of light
detecting elements (e.g., photodetectors) configured to con
Vert light detected by the image sensor into an electrical
signal. An image sensor may also include a color filter array
that filters light captured by the image sensor to capture color
information. The image data captured by the image sensor
may then be processed by an image processing pipeline cir
cuitry, which may apply a number of various image process

0011 Referring to FIG. 1, a block diagram of one embodi
ment of an image processing circuitry 100 is shown for an
imaging device 150. The illustrated imaging device 150 may
be provided as a digital camera configured to acquire both still
images and moving images (e.g., video). The device 150 may
include lens(es) 110 and one or more image sensors 101
configured to capture and convert light into electrical signals.
By way of example only, the image sensor may include a
CMOS (complementary metal-oxide-semiconductor) image
sensor (e.g., a CMOS active-pixel sensor (APS)) or a CCD
(charge-coupled device) sensor.
0012. In some embodiments, the image processing cir
cuitry 100 may include various subcomponents and/or dis
crete units of logic that collectively form an image processing
"pipeline' for performing each of the various image process
ing steps. These Subcomponents may be implemented using
hardware (e.g., digital signal processors or ASICs (applica
tion-specific integrated circuits)) or software, or via a com
bination of hardware and software components. The various
image processing operations may be provided by the image
processing circuitry 100.
0013 The image processing circuitry 100 may include
front-end processing logic 103, pipeline processing logic
104, and control logic 105, among others. The image sensor
(s) 101 may include a color filter array (e.g., a Bayer filter) and
may thus provide both light intensity and wavelength infor
mation captured by each imaging pixel of the image sensors
101 to provide for a set of raw image data that may be
processed by the front-end processing logic 103.
0014. In some embodiments, a single lens 110 and a single
image sensor 101 may be employed in the image processing
circuitry. While in other embodiments, multiple lens 110 and
multiple image sensors 101 may be employed. Such as for a
Stereoscopy uses, among others.
0015 The front-end processing logic 103 may also receive
pixel data from memory 108. For instance, the raw pixel data
may be sent to memory 108 from the image sensor 101. The
raw pixel data residing in the memory 108 may then be
provided to the front-end processing logic 103 for processing.
0016 Upon receiving the raw image data (from image
sensor 101 or from memory 108), the front-end processing
logic 103 may perform one or more image processing opera
tions. The processed image data may then be provided to the
pipeline processing logic 104 for additional processing prior
to being displayed (e.g., on display device 106), or may be
sent to the memory 108. The pipeline processing logic 104
receives the “front-end' processed data, either directly from
the front-end processing logic 103 or from memory 108, and
may provide for additional processing of the image data in the
raw domain, as well as in the RGB and YCbCr color spaces,
as the case may be. Image data processed by the pipeline
processing logic 104 may then be output to the display 106 (or
viewfinder) for viewing by a user and/or may be further
processed by a graphics engine. Additionally, output from the
pipeline processing logic 104 may be sent to memory 108 and
the display 106 may read the image data from memory 108.
Further, in some implementations, the pipeline processing
logic 104 may also include an encoder 107. Such as a com
pression engine, for encoding the image data prior to being
read by the display 106.
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0017. The encoder 107 may be a JPEG (Joint Photo
graphic Experts Group) compression engine for encoding
still images, or an H.264 compression engine for encoding
Video images, or some combination thereof. Also, it should be
noted that the pipeline processing logic 104 may also receive
raw image data from the memory 108.
0018. The control logic 105 may include a processor 820
(FIG. 8) and/or microcontroller configured to execute one or
more routines (e.g., firmware) that may be configured to
determine control parameters for the imaging device 150, as
well as control parameters for the pipeline processing logic
104. By way of example only, the control parameters may
include sensor control parameters, camera flash control
parameters, lens control parameters (e.g., focal length for
focusing or Zoom), or a combination of Such parameters for
the image sensor(s) 101. The control parameters may also
include image processing commands, such as autowhite bal
ance, autofocus, autoexposure, and coloradjustments, as well
as lens shading correction parameters for the pipeline pro
cessing logic 104. The control parameters may further com
prise multiplexing signals or commands for the pipeline pro
cessing logic 104.
0019 Referring now to FIG. 2, one embodiment of the
pipeline processing logic 104 may perform processes of an
image signal processing pipeline by first sending image infor
mation to a first process element 201 which may take the raw
data produced by the image sensor 101 (FIG. 1) and generate
a digital image that will be viewed by a user or undergo
further processing by a downstream process element. Accord
ingly, the image signal processing pipeline may be considered
as a series of specialized algorithms that adjusts image data in
real-time and is often implemented as an integrated compo
nent of a system-on-chip (SoC) image processor. With an
image signal processing pipeline implemented in hardware,
front-end image processing can be completed without placing
any processing burden on the main application processor 820
(FIG. 8).
0020. In one embodiment, the first process element 201 of
an image signal processing pipeline could perform a particu
lar image process Such as noise reduction, defective pixel
detection/correction, lens shading correction, lens distortion
correction, demosaicing, image sharpening, color uniformity,
RGB (red, green, blue) contrast, Saturation boost process, etc.
As discussed above, the pipeline may include a second pro
cess element 202. In one embodiment, the second process
element 202 could perform a particular and different image
process such as noise reduction, defective pixel detection/
correction, lens shading correction, demosaicing, image
sharpening, color uniformity, RGB contrast, Saturation boost
process etc. The image data may then be sent to additional
element(s) of the pipeline as the case may be, saved to
memory 108 (FIG. 1), and/or input for display 106 (FIG. 1).
0021 Referring next to FIG. 3, in one embodiment, the
image signal processing pipeline performed by pipeline pro
cessing logic 104 contains parallel paths instead of a single
linear path. For example, the parallel paths may provide a first
path and a second path. Further, in one embodiment, the first
path comprises a main processing path and the second path
comprises a Supplemental processing path. Therefore, while
raw image data is being processed in the first path to generate
a high-resolution image output Suitable for storage, the raw
image data is processed in the second and parallel path to
generate a lower resolution image that can be generated more
quickly (as compared to the first path) and be displayed in the
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camera viewfinder or display 106. It may be that the second
path contains fewer stages or elements 321,322 than the first
path. Alternatively, the first path may contain the same num
ber of or less number of stages or elements 311, 312 as
compared to the second path. Further, the second path may
involve resolution down-conversion of the image to lessen the
amount of pixels that need to be processed during image
processing, Such as for image analysis, in the pipeline.
0022. The benefits of the parallel paths may apply to still
images as well as video images captured by the image sensor
(s) 101 (FIG. 1). It is noted that some embodiments of the
pipeline processing logic 104 utilizes a single image sensor
101 that provides raw data to the first and second paths, where
the first path may process the raw data relatively carefully and
more slowly than the second path that can generate an image
available to be previewed more quickly.
0023. Use of parallel paths in the image signal processing
pipeline may enable processing of multiple image data simul
taneously while maximizing final image quality. Addition
ally, each stage in the pipeline may begin processing as soon
as image data is available so the entire image does not have to
be received from the previous sensor or stage before process
ing is started.
0024. In an alternative embodiment, multiple imagers or
image sensors 101 may be utilized, as shown in FIG. 4. For
example, one imager or sensor 101 a may provide raw data at
a lower resolution than a second image sensor 101b, where
the lower resolution raw data feeds a pipeline path to the
display 106 and the higher resolution data feeds a path used
for encoding and/or for storage in memory 108.
0025. Further, in some embodiments, a secondary or
Supplemental image may be used in image analysis that can
help Subsequent image analysis operations for the main
image. As an example, a secondary image at a smaller size or
resolution than the main image might undergo facial recog
nition algorithms (or other object recognition algorithm) and
output of positive results may be used to identify facial struc
tures (or other objects) in the main image. Therefore, the
secondary image may be produced in a format that is more
Suited for Some of the applicable states or processing ele
ments in its path. Accordingly, processing elements 411, 412,
may be divided up between elements that are suited for the
main image and processing elements 421, 422 that are Suited
for the secondary image. Accordingly, a secondary image
may be initially processed, such as being made Smaller or
scaled, for the benefit of downstream elements. As an

example, the path of the secondary image may contain a noise
filtering element due to a downstream element needed for the
secondary image to have undergone noise reduction. The
different paths or elements in the different paths may also use
different imaging formats. For example, one of the paths may
use an integral image format whereas a standard image format
is used in the other path. Accordingly, downstream elements
in the integral image path may need an integral image format
as opposed to a standard image format and vice versa.
0026. In some embodiments, the images generated by the
first and second paths may be stored in memory 108 and made
available for subsequent use by other procedures and ele
ments that follow. Accordingly, in one embodiment, while a
main image is being processed in a main path of the pipeline,
another image which might be downsized or scaled of that
image or a previous image may be read by the main path. This
may enable more powerful processing in the pipeline, Such as
during noise filtering.
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0027. For example, during noise filtering, for any given
pixel being processed, neighboring pixels are analyzed. This
process of denoising the pixel may have a stronger effect with
the more pixels that are able to be analyzed further away from
the pixel being processed. Due to hardware constraints. Such
as memory buffer size used by processing logic, there is a
limit in how far away from the current pixel that the process
can analyze neighboring pixels.
0028. Accordingly, in one embodiment, a downscaled ver
sion of the main image is generated in a second path and the
noise filter in the main path reads the downscaled version of
the image and stores those pixels for noise analysis. Since
there are the same number of line buffers but the image is
downscaled, this effectively allows the noise filter to see
further away in the original image because the second image
is at a reduced scale.

0029. Accordingly, another embodiment utilizes a down
scaled version of an image to assist in dynamic range optimi
Zation processing. By having available a downscaled version
of an image alongside a full resolution image in memory 108,
a dynamic range optimization process is provided a way to
see further away from a current pixel than would be available
by only considering the full resolution image. In a similar
manner, a high dynamic range imaging process or element
also reads a downscaled version of a main image to see further
away from the current pixel.
0030 Referring back to FIG. 1, in one embodiment, raw
image data (from an image sensor 101) may be provided to
the front-end processing logic 103 and processed on a pixel
by-pixel basis in a number of formats. For example, in one
embodiment, raw pixel data received by the front-end pro
cessing logic 103 may be up-sampled for image processing
purposes. In another embodiment, raw image or pixel data
may be down-sampled or scaled. As will be appreciated,
down-sampling of image data may reduce hardware size
(e.g., area) and also reduce processing/computational com
plexity.
0031. In some embodiments, the front-end processing
logic 103 generates two distinct kinds of images for the pipe
line processing logic 104. As an example, the imaging device
150 may be capturing video images and the user or the device
itself determines to also capture a still image in addition to the
Video or moving images. A problem to overcome with this
task in conventional cameras is that the video images are
being generated at a resolution that is less than desired for still
images. A potential solution would be to record the video
images at the higher resolution desired for the still image, but
this would require the pipeline processing logic 104 to
undergo processing of the higher resolution video images.
However, it is difficult to encode video at a high resolution
(e.g., 8 megapixels) and it is also impractical, since video
images do not necessarily require a very high resolution.
0032. Accordingly, one embodiment of the present disclo
sure captures the raw image data by the sensor 101 at the
higher resolution Suitable for still image photography. Then,
the front-end pipeline processing logic 103 scales down the
size of the captured images to a resolution size Suitable for
Video processing before feeding the image data to the appro
priate pipeline processing logic 104. When the user or the
imaging device 150 decides to capture an image still, for this
one frame, the front-end pipeline processing logic 103 will
receive instructions from the control logic 105 and store the
desired frame in memory 108 at the higher resolution. Fur
ther, in one embodiment, although a main imaging path of the
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pipeline is handling the video processing, as processing time
allows, the main imaging path can be provided the still image
from memory 108.
0033 Accordingly, in one embodiment, the video process
ing is assigned a higher priority than the still image process
ing by the pipeline processing logic 104. In such an embodi
ment, the pipeline processing logic 104 features a single
pipeline for processing captured images but has the capability
to multiplex the single pipeline between different input
images. Therefore, the single pipeline may switch from pro
cessing an image or series of images having a high priority to
an image or series of images having a lower priority as pro
cessing time allows.
0034) Multiplexing of the imaging pipeline is also imple
mented in an embodiment utilizing multiple image sensors
101. For example, consider a stereoscopic image device that
delivers a left image and a right image of an object to a single
image pipeline, as represented in FIG. 5. The single image
pipeline in pipeline processing logic 104 can therefore be
multiplexed between the left and right images that are being
input in parallel to the image signal processing pipeline so
that the pipeline is shared. Instead of processing one of the
images in its entirety after the other has been processed in its
entirety, the images can be processed concurrently by Switch
ing processing of the images between one another as process
ing time allows by front-end processing logic 103. This
reduces latency by not delaying processing of an image until
completion of the other image, and processing of the two
images will finish more quickly.
0035 Alternatively, one embodiment utilizes multiple
image sensors 101 that produce multiple inputs for the pipe
line processing logic 104. Referring now to FIG. 6, in one
scenario, one of the image sensors 101b may capture a low
resolution image that is fed as a preview of an image recently
captured, where the other image sensor 101 a captures a high
resolution image of the Subject of the picture that is processed
in parallel. Otherwise, the low resolution image may be used
for framing a shot to be captured, where the Subsequent
captured shot or image is at a higher resolution and may
undergo additional processing. Therefore, this embodiment
features an imaging device with two fully parallel image
capture and processing pipeline paths.
0036 Further, in some embodiments, a single image sen
sor 101 is utilized to capture image information and provide
the information to the front-end processing logic 103.
whereby the front-end processing logic 103 may generate two
input images for parallel paths in the pipeline processing
logic 104 (as represented in FIG. 7). Also, in some embodi
ments, a single image sensor 101 is utilized to capture image
information and provide the information to the front-end
processing logic 103, whereby the front-end processing logic
103 may generate two input images for multiplexed input into
a single path of the pipeline processing logic 104 (as repre
sented in FIG. 6).
0037 Keeping the above points in mind, FIG. 8 is a block
diagram illustrating an example of an electronic device 805
that may provide for the processing of image data using one or
more of the image processing techniques briefly mentioned
above. The electronic device 805 may be any type of elec
tronic device. Such as a laptop or desktop computer, a mobile
phone, tablet, a digital media player, or the like, that is con
figured to receive and process image data, such as data
acquired using one or more image sensing components.
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0038 Regardless of its form (e.g., portable or non-por
table), it should be understood that the electronic device 805
may provide for the processing of image data using one or
more of the image processing techniques briefly discussed
above, among others. In some embodiments, the electronic
device 805 may apply Such image processing techniques to
image data stored in a memory 830 of the electronic device
805. In further embodiments, the electronic device 805 may
include one or more imaging devices 880. Such as an inte
grated or external digital camera, configured to acquire image
data, which may then be processed by the electronic device
805 using one or more of the above-mentioned image pro
cessing techniques.
0039. As shown in FIG. 8, the electronic device 805 may
include various internal and/or external components which
contribute to the function of the device 805. Those of ordinary
skill in the art will appreciate that the various functional
blocks shown in FIG. 8 may comprise hardware elements
(including circuitry), software elements (including computer
code stored on a computer readable medium) or a combina
tion of both hardware and software elements. For example, in
the presently illustrated embodiment, the electronic device
805 may include input/output (I/O) ports 810, one or more
processors 820, memory device 830, non-volatile storage
840, networking device 850, power source 860, and display
870. Additionally, the electronic device 10 may include one or
more imaging devices 880, Such as a digital camera, and
image processing circuitry 890. As will be discussed further
below, the image processing circuitry 890 may be configured
implement one or more of the above-discussed image pro
cessing techniques when processing image data. As can be
appreciated, image data processed by image processing cir
cuitry 890 may be retrieved from the memory 830 and/or the
non-volatile storage device(s) 840, or may be acquired using
the imaging device 880.
0040. Before continuing, it should be understood that the
system block diagram of the device 805 shown in FIG. 8 is
intended to be a high-level control diagram depicting various
components that may be included in such a device 805. That
is, the connection lines between each individual component
shown in FIG.1 may not necessarily represent paths or direc
tions through which data flows or is transmitted between
various components of the device 805. Indeed, as discussed
below, the depicted processor(s) 820 may, in some embodi
ments, include multiple processors, such as a main processor
(e.g., CPU), and dedicated image and/or video processors. In
Such embodiments, the processing of image data may be
primarily handled by these dedicated processors, thus effec
tively offloading such tasks from a main processor (CPU).
0041 Referring next to FIG. 9, shown is a flowchart that
provides one example of the operation of a portion of the
image processing circuitry 100 according to various embodi
ments. It is understood that the flowchart of FIG. 9 provides
merely an example of the many different types of functional
arrangements that may be employed to implement the opera
tion of the portion of the image processing circuitry 100 as
described herein. As an alternative, the flowchart of FIG. 9

may be viewed as depicting an example of steps of a method
implemented in the electronic device 805 (FIG. 8) according
to one or more embodiments.

0.042 Beginning in step 902, imaging processing circuitry
100 provides an imaging pipeline for processing images cap
tured from one or more image sensors 101, where the imaging
single processing pipeline features two parallel paths for pro
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cessing the images. As described in step 904, in a first parallel
path of the pipeline, an input image obtained from the image
sensor(s) 101 is processed at full-resolution. Additionally, in
a second parallel path of the pipeline, an input image obtained
from the image sensor(s) 101 is processed at a down-scaled
resolution, as depicted in step 906. The down-scaled resolu
tion version of the input image is output from the second
parallel path of the pipeline before completion of processing
of the input image at full-resolution and is provided for dis
play, in step 908.
0043. Next, referring to FIG. 10, shown is a flowchart that
provides an additional example of the operation of a portion
of the image processing circuitry 100 according to various
embodiments. Beginning in step 1002, imaging processing
circuitry 100 provides an imaging pipeline for processing
images captured from one or more image sensors 101, where
the image signal processing pipeline features two parallel
paths for processing the images. As described in step 1004, in
a first parallel path of the pipeline, an input image obtained
from the image sensor(s) 101 is processed at full-resolution.
Additionally, in a second parallel path of the pipeline, an input
image obtained from the image sensor(s) 101 is processed at
a down-scaled resolution, as depicted in step 1006. The down
scaled resolution version of the input image undergoes image
enhancement analysis in the second parallel path that is
applied to the full-resolution version of the image in the first
parallel path, in step 1008. In particular, pixels are able to be
analyzed in the down-scaled resolution version of the input
image that may not be able to be analyzed as efficiently in the
full-resolution version of the input image due to buffer limi
tations or other hardware restraints. In various embodiments,

the type of image enhancement analysis may include noise
filtering, dynamic range optimization, high dynamic range
imaging, facial or object recognition, among others.
0044. In FIG. 11, a flow chart is shown that provides an
additional example of the operation of a portion of the image
processing circuitry 100 according to various embodiments.
Beginning in step 1102, imaging processing circuitry 100
provides an image signal processing pipeline for processing
images captured from one or more image sensors 101, where
the pipeline features a single pipeline path for processing the
images. As described in step 1104, multiple input images may
be fed into the single pipeline path by multiplexing the dif
ferent images by front-end circuitry (e.g., front-end process
ing logic 103). For example, consider a stereoscopic image
device that delivers a left image and a right image of an object
to a single image pipeline, as represented in FIG. 5. The single
image pipeline in pipeline processing logic 104 can therefore
be multiplexed between the left and right images that are
being input in parallel to the pipeline via the front-end cir
cuitry. Instead of processing one of the images in its entirety
after the other has been processed in its entirety, the images
can be processed concurrently by Switching processing of the
images between one another as processing time allows by
front-end processing circuitry.
0045. Further, in FIG. 12, a flow chart is shown that pro
vides an additional example of the operation of a portion of
the image processing circuitry 100 according to various
embodiments. Beginning in step 1202, front-end processing
circuitry can receive a single input image from an image
sensor 101. In step 1204, the front-end processing circuitry
may then generate two or more input images for multiplexed
input into a single path of an image signal processing pipeline
of pipeline processing logic 104 (as represented in FIG. 6).
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The single pipeline in pipeline processing logic 104 can
therefore be multiplexed between the multiple images that
have been generated by the front-end circuitry, in step 1206.
Instead of processing one of the images in its entirety after the
other has been processed in its entirety, the images can be
processed concurrently by Switching processing of the
images between one another as processing time allows by
front-end processing circuitry.
0046) Next, in FIG. 13, a flow chart is shown that provides
an additional example of the operation of a portion of the
image processing circuitry 100 according to various embodi
ments. Accordingly, one embodiment of the present disclo
Sure captures the raw image data by the sensor 101 at a high
resolution suitable for still image photography, in step 1302.
Then, the front-end pipeline processing logic 103 Scales
down the size of the captured images to a resolution size
suitable for video processing, in step 1304, before feeding the
image data to the appropriate pipeline processing logic 104.
in step 1306. When the user or the imaging device 150 decides
to capture an image still, for this one frame, the front-end
pipeline processing logic 103 will receive instructions from
the control logic 105 and store the desired frame in memory
108 at the higher resolution, in step 1308. Further, in one
embodiment, although a main imaging path of the pipeline is
handling the video processing, as processing time allows, the
main imaging path can be provided the still image from
memory 108, in step 1310.
0047 Any process descriptions or blocks in flow charts
should be understood as representing modules, segments, or
portions of code which include one or more executable
instructions for implementing specific logical functions or
steps in the process, and alternate implementations are
included within the scope of embodiments of the present
disclosure in which functions may be executed out of order
from that shown or discussed, including Substantially concur
rently or in reverse order, depending on the functionality
involved, as would be understood by those reasonably skilled
in the art.

0048. In the context of this document, a “computer read
able medium' can be any means that can contain, Store,
communicate, or transport the program for use by or in con
nection with the instruction execution system, apparatus, or
device. The computer readable medium can be, for example
but not limited to, an electronic, magnetic, optical, electro
magnetic, infrared, or semiconductor System, apparatus, or
device. More specific examples (a nonexhaustive list) of the
computer readable medium would include the following: an
electrical connection (electronic) having one or more wires, a
portable computer diskette (magnetic), a random access
memory (RAM) (electronic), a read-only memory (ROM)
(electronic), an erasable programmable read-only memory
(EPROM or Flash memory) (electronic), an optical fiber (op
tical), and a portable compact disc read-only memory
(CDROM) (optical). In addition, the scope of certain embodi
ments includes embodying the functionality of the embodi
ments in logic embodied in hardware or software-configured
mediums.

0049. It should be emphasized that the above-described
embodiments are merely possible examples of implementa
tions, merely set forth for a clear understanding of the prin
ciples of the disclosure. Many variations and modifications
may be made to the above-described embodiment(s) without
departing Substantially from the spirit and principles of the
disclosure. All Such modifications and variations are intended
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to be included herein within the scope of this disclosure and
protected by the following claims.
Therefore, having thus described various embodiments, at
least the following is claimed:
1. An image capture device, comprising:
a hardware processor; and
an image processing circuitry that concurrently receives
first image data to be processed and second image data to
be processed, wherein the second image data is pro
cessed to aid in enhancement of the first image data.
2. The image capture device of claim 1, wherein the first
image data comprises video.
3. The image capture device of claim 1, wherein the image
processing circuitry comprises an imaging pipeline for pro
cessing a plurality of image data captured from at least one
image sensor, where the imaging pipeline features two paral
lel paths for processing the plurality of image data.
4. The image capture device of claim 3, wherein the first
image data is processed at full-resolution on a first parallel
path and the second image data is processed at a down-scaled
resolution on a second parallel path.
5. The image capture device of claim 1, further comprising:
a viewfinder display that displays output of the second
image data from the image processing circuitry before
completion of processing of the first image data by the
image processing circuitry.
6. The image capture device of claim 1, wherein the
enhancement of the first image data comprises at least one of
noise filtering, dynamic range optimization, and high
dynamic range imaging.
7. The image capture device of claim 1, wherein the image
processing circuitry comprises an imaging pipeline for pro
cessing a plurality of image data captured from at least one
image sensor, where the imaging pipeline features a singular
path for processing the plurality of image data by multiplex
ing the plurality of image data between the singular path.
8. The image capture device of claim 1, further comprising:
a first image sensor that recorded the first image data; and
a second image sensor that recorded the second image data.
9. An image processing method, comprising:
receiving a first image data to be processed and a second
image data to be concurrently processed; and
processing the second image data to aid in enhancement of
the first image data.
10. The image processing method of claim 9, wherein the
first image data comprises video.
11. The image processing method of claim 9, wherein the
first image data and the second image data are processed in a
singular pipeline path, the method further comprising:
multiplexing the first image data and the second image data
between the singular path.
12. The image processing method of claim 9, wherein the
first image data and the second image data are processed in
parallel pipeline paths, wherein the first image data is pro
cessed at full-resolution on a first parallel path and the second
image data is processed at a down-scaled resolution on a
second parallel path.
13. The image processing method of claim 12, further
comprising:
displaying output of the second image data from the second
parallel path before completion of processing of the first
image data at the first parallel path.
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14. The image processing method of claim 9, wherein the
enhancement of the first image data comprises at least one of
noise filtering, and dynamic range optimization, and high
dynamic range imaging.
15. A computer readable medium having an image process
ing program, when executed by a hardware processor, causes
the hardware processor to:
receive a first image data to be processed and a second
image data to be concurrently processed; and
process the second image data to aid in enhancement of the
first image data.
16. The computer readable medium of claim 15, wherein
the first image data comprises video.
17. The computer readable medium of claim 15, wherein
the first image data and the second image data are processed
in a singular pipeline path, the image processing program
further causing the hardware processor to:
multiplex the first image data and the second image data
between the singular path.
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18. The computer readable medium of claim 15, wherein
the first image data and the second image data are processed
in parallel pipeline paths, wherein the first image data is
processed at full-resolution on a first parallel path and the
second image data is processed at a down-scaled resolution
on a second parallel path.
19. The computer readable medium of claim 18, the image
processing program further causing the hardware processor
tO:

display output of the second image data from the second
parallel path before completion of processing of the first
image data at the first parallel path.
20. The computer readable medium of claim 15, wherein
the enhancement of the first image data comprises at least one
of noise filtering, and dynamic range optimization, and high
dynamic range imaging.

