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DYNAMIC NOISE REDUCTION FOR HIGH
DYNAMIC RANGE IN DIGITAL IMAGING

TECHNICAL FIELD

[0001] The present disclosure is generally related to digital
imaging and, more particularly, to noise reduction for high
dynamic range in digital imaging.

BACKGROUND

[0002] Unless otherwise indicated herein, approaches
described in this section are not prior art to the claims listed
below and are not admitted to be prior art by inclusion in this
section.

[0003] The term “high dynamic range”, or “HDR?”, typi-
cally refers to a set of techniques used in imaging and pho-
tography to reproduce a dynamic range of luminosity greater
than what is possible with standard digital imaging or photo-
graphic techniques. A purpose of HDR is to present the
human eye with a range of luminance similar to what is
familiar to the human eye in everyday life. Currently appli-
cations of HDR are widely adopted in digital imaging. One
main application of HDR is for scenes with high contrast, for
which HDR can enhance the brightness of relatively darker
regions in a scene of high contrast to a desired level. This
would improve the dynamic contrast for the overall image to
present an image that is closer to what is seen by a human eye.

SUMMARY

[0004] The following summary is illustrative only and is
not intended to be limiting in any way. That is, the following
summary is provided to introduce concepts, highlights, ben-
efits and advantages of the novel and non-obvious techniques
described herein. Select implementations are further
described below in the detailed description. Thus, the follow-
ing summary is not intended to identify essential features of
the claimed subject matter, nor is it intended for use in deter-
mining the scope of the claimed subject matter.

[0005] Anobjective of the present disclosure is to provide a
solution to provide digital imagery of optimal quality after
HDR processing. The term “digital imagery” herein refers to
results of digital imaging including, for example and not
limited to, previews, still images and video images. Imple-
mentations in accordance with the present disclosure analyze
the amount of intensity or brightness to be enhanced by HDR
for a given region or pixel, convert the level of brightness to an
enhancement ratio and map to a corresponding strength or
level of noise reduction, and individually perform noise
reduction for affected regions or pixels according to the
respective strength or level of noise reduction.

[0006] In one example implementation, a method imple-
mentable in an image signal processor or an imaging appara-
tus may involve a processor receiving a data related to digital
imaging, e.g., after the data has been captured by an imaging
device and processed for HDR. The method may also involve
the processor determining a respective HDR enhancement
ratio for each of one or more portions of a plurality of portions
of the data. The method may further involve the processor
determining a respective level of noise reduction correspond-
ing to the respective HDR enhancement ratio for each of the
one or more portions of the data. The method may addition-
ally involve the processor performing noise reduction up to
the respective level of noise reduction for each of the one or
more portions of the data.
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[0007] In another example implementation, a method
implementable in an image signal processor of an imaging
apparatus may involve a processor receiving a data related to
digital imaging, e.g., after the data has been captured by an
imaging device and processed for HDR. The method may also
involve the processor determining a first level of HDR
enhancement in a level of brightness for a first portion of a
plurality of portions of the data and a second level of HDR
enhancement in the level of brightness for a second portion of
the plurality of portions of the data. The first level of HDR
enhancement and the second level of HDR enhancement may
be different. The method may further involve the processor
performing a first level of noise reduction for the first portion
ofthe dataand a second level of noise reduction for the second
portion of the data. The first level of noise reduction and the
second level of noise reduction may be different.

[0008] Inyetanother example implementation, an appara-
tus may include an HDR engine, a computation engine, and a
noise reduction engine. The HDR engine may be configured
to receive a data related to digital imaging and perform HDR
processing on the data to output an HDR-processed data. The
computation engine may be coupled to the HDR engine. The
computation engine may be configured to receive the HDR-
processed digital engine and perform a number of operations.
For instance, the computation engine may determine a
respective HDR enhancement ratio for each of one or more
portions of a plurality of portions of the HDR-processed data.
The computation engine may also determine a respective
level of noise reduction corresponding to the respective HDR
enhancement ratio for each of the one or more portions of the
HDR-processed data. The noise reduction engine may be
coupled to the computation engine, and may be configured to
perform noise reduction up to the respective level of noise
reduction for each of the one or more portions of the HDR-
processed data.

[0009] Accordingly, implementations in accordance with
the present disclosure avoid applying the same level of noise
reduction to all regions, pixels or portions of a preview, image
or video frame regardless of the HDR enhancement ratio of
each region, pixel or portion. Rather, implementations in
accordance with the present disclosure perform noise reduc-
tion for each region, pixel or portion of a preview, image or
video frame up to a respective level of noise reduction that
corresponds to the respective level of HDR enhancement ratio
for that region, pixel or portion of the preview, image or video
frame. Advantageously, implementations in accordance with
the present disclosure are designed to provide digital imagery
of optimal quality after HDR processing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are incor-
porated in and constitute a part of the present disclosure. The
drawings illustrate implementations of the disclosure and,
together with the description, serve to explain the principles
of the disclosure. It is appreciable that the drawings are not
necessarily in scale as some components may be shown to be
out of proportion than the size in actual implementation in
order to clearly illustrate the concept of the present disclo-
sure.

[0011] FIG. 1 is a flowchart of an example algorithm in
accordance with an implementation of the present disclosure.
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[0012] FIG. 2 is a diagram of an example image to which
various implementations may be applied in accordance with
the present disclosure.

[0013] FIG.3isablockdiagram of an example apparatus in
accordance with an implementations of the present disclo-
sure.

[0014] FIG.4 is a flowchart of an example process in accor-
dance with an implementation of the present disclosure.
[0015] FIG.5is a flowchart of an example process in accor-
dance with another implementation of the present disclosure.

DETAILED DESCRIPTION OF PREFERRED
IMPLEMENTATIONS

Overview

[0016] When using conventional techniques of HDR to
process digital imaging of scenes of high contrast, often time
there are side effects associated with enhancing the brightness
ofrelatively darker regions in a scene of high contrast. One of
the side effects of concern is the luma noise and chroma noise
as a result of enhancing the brightness of relatively darker
regions. With new techniques of HDR, however, it is feasible
to enhance the brighten regions of difterent levels of darkness
to a desired level of brightness. A preview, image or video
frame may be processed by HDR at pixel level or by regions
(with the image divided into multiple regions).

[0017] Generally speaking, noise reduction is a way to
reduce or minimize noise in signal/image processing, and can
be utilized to reduce or minimize noise in relatively darker
regions of a preview, image or video frame that are brightened
up by HDR. However, if the same strength of noise reduction
is applied to all relatively darker regions ofthe preview, image
orvideo frame, one or more situations may arise, as described
below. When the strength of applied noise reduction is too
weak, the level of noise in regions/pixels for which the level
of brightness has been enhanced more than other regions/
pixels of the preview, image or video frame may remain high.
When the strength of applied noise reduction is too strong,
noise in regions/pixels not as dark or originally at normal
level of brightness may be eliminated but the entire preview,
image or video frame may be blurred. When the strength of
applied noise reduction is not too weak or too strong, rela-
tively darker regions may still be noisy while regions not as
dark or originally at normal level of brightness may be
blurred. Thus, even after a preview, image or video frame is
processed with HDR, the noise levels in different regions of
the preview, image or video frame may be different or incon-
sistent. This is undesirable.

[0018] Inview ofthe above, implementations ofthe present
disclosure analyze the amount of intensity or brightness to be
enhanced by HDR for each of a number of regions or pixels of
a preview, image or video frame, convert the level of bright-
ness to an enhancement ratio and map to a corresponding
strength of noise reduction, and then perform noise reduction
for affected regions or pixels individually. Accordingly, it is
believed that implementations of the present disclosure can
provide digital imagery of optimal quality.

Example Algorithm

[0019] FIG. 1 illustrates an example algorithm 100 in
accordance with an implementation of the present disclosure.
Example algorithm 100 addresses the aforementioned issue
of inconsistency in noise levels in different regions of a pre-
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view, image or video frame in which the levels of brightness
having been enhanced by HDR. Example algorithm 100 may
process different regions of a preview, image or video frame
with different degrees of noise reduction based on the respec-
tive amount of brightness enhancement by HDR for each
region of the preview, image or video frame.

[0020] Example algorithm 100 may include one or more
operations, actions, or functions as illustrated by one or more
of blocks 110, 120, 130, 140, 150, 160 and 170 as well as
sub-blocks 152, 154 and 156. Although illustrated as discrete
blocks, various blocks may be divided into additional blocks,
combined into fewer blocks, or eliminated, depending on the
desired implementation. Example algorithm 100 may begin
at block 110.

[0021] At 110 (Obtain HDR-processed data), example
algorithm 100 may involve obtaining a data related to digital
imaging that has been processed for HDR (herein inter-
changeably referred to as “HDR-processed data”). The data
related to digital imaging may include, for example, a pre-
view, image or video frame. The data related to digital imag-
ing may be captured, obtained or otherwise taken by an imag-
ing device, e.g., camera, for HDR processing. Different
regions and pixels of the HDR-processed data may be asso-
ciated with different levels of enhancement in brightness due
to the fact that different regions and pixels of the HDR-
processed data may have different degrees of darkness. As an
example, a first region which is relatively darker thana second
region of the HDR-processed data may be associated with a
first level of enhancement in brightness, while the second
region may be associated with a second level of enhancement
in brightness. In this example the first level of enhancement in
brightness would be greater than the second level of enhance-
ment in brightness since the first region is relatively darker
than the second region. Block 110 may be followed by block
120.

[0022] At 120 (Analyze HDR enhancement ratio for each
region/pixel), example algorithm 100 may involve analyzing
the HDR-processed data to determine or otherwise compute
the level of enhance in brightness associated with each region
or pixel of the HDR-processed data, thereby determining an
HDR enhancement ratio for each region or pixel. Block 120
may be followed by block 130.

[0023] At 130 (Enhanced by HDR?), example algorithm
100 may involve determining whether or not one or more
regions or pixels of the HDR-processed data has/have been
enhanced by HDR, e.g., by determining whether the respec-
tive HDR enhancement ratio associated with a given region or
pixel of the HDR-processed data is greater than 1. In an event
that it is determined that no region or pixel of the HDR-
processed data has been enhanced by HDR, e.g., the HDR
enhancement ratio for each of the regions or pixels of the
HDR-processed data is not greater than 1, then example algo-
rithm 100 may proceed to block 170 to provide the HDR-
processed data as a new HDR-processed data. In an event that
it is determined that one or more regions or pixels of the
HDR-processed data has/have been enhanced by HDR, e.g.,
the HDR enhancement ratio for each of the one or more
regions or pixels of the HDR-processed data is greater than 1,
then example algorithm 100 may proceed to block 140.
[0024] At 140 (Calculate HDR enhancement ratio for each
region/pixel), example algorithm 100 may calculate, com-
pute or otherwise determine the respective HDR enhance-
ment ratio associated with each region or pixel of the HDR-
processed data. Block 140 may be followed by block 150.
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[0025] At 150 (Map level of noise reduction to HDR
enhancement ratio), example algorithm 100 may map the
HDR enhancement ratio of each region or pixel of the HDR-
processed data to a corresponding strength or level of noise
reduction. Block 150 may include sub-blocks 152, 154 and
156, and may be followed by block 160.

[0026] At sub-block 152 (HDR enhancement ratio an inte-
ger?), example algorithm 100 may determine, for each region
or pixel of the HDR-processed data, whether the respective
HDR enhancement ratio is an integer or a multiple of an
integer. In an event that it is determined that the respective
HDR enhancement ratio is an integer or a multiple of an
integer, example algorithm 100 may proceed to sub-block
154; otherwise, example algorithm 100 may proceed to sub-
block 156.

[0027] At sub-block 154 (Map to integer multiples 1SO),
example algorithm 100 may map the respective HDR
enhancement ratio to a corresponding level of sensitivity of
light of a plurality of levels of sensitivity of light of an imag-
ing device that captured the data. For instance, example algo-
rithm 100 may map the respective HDR enhancement ratio to
a corresponding integer multiples of one of multiple Interna-
tional Standard Organization (ISO) settings of the imaging
device, e.g., camera, that captured the data. Example algo-
rithm 100 may proceed to block 160.

[0028] At sub-block 156 (Map to interpolated ISO or
neighbor ISO), example algorithm 100 may map the respec-
tive HDR enhancement ratio to an interpolated level of sen-
sitivity of light based on the plurality of levels of sensitivity of
light of the imaging device. For instance, example algorithm
100 may map the respective HDR enhancement ratio to an
interpolated or a nearest ISO setting of the imaging device.
The interpolated or nearest ISO setting may be an ISO setting
of'the imaging device among the multiple ISO settings of the
imaging device that is closest to a rounded-up (or rounded-
down) integer or integer multiple of the respective HDR
enhancement ratio. Example algorithm 100 may proceed to
block 160.

[0029] At block 160 (Perform noise reduction based on
mapped level of noise reduction for each region/pixel),
example algorithm 100 may perform noise reduction granu-
larly, e.g., region-by-region or pixel-by-pixel, such that the
strength or level of noise reduction performed on or otherwise
applied to each region or pixel of the HDR-processed data
corresponds to the respective HDR enhancement ratio
thereof. Block 160 may be followed by block 170.

[0030] At 170 (Provide new HDR-processed data),
example algorithm 100 may provide the outcome of block
160 as a new HDR-processed data.

[0031] FIG. 2 illustrates an example image 200 to which
various implementations may be applied in accordance with
the present disclosure. Example image 200 may include a
number of regions such as, for example, regions A, B and C.
Region A may include a human face, which may be backlit
with a mean value of level of brightness at a value of 20.
Region B may include a tree, which may be slightly backlit
with a mean value of level of brightness at a value of 60.
Region C may include the sky and clouds, which may be
well-lit with a mean value of level of brightness at a value of
160. In other words, example image 200 may be partially-
backlit.

[0032] HDR processing may process the partially-backlit
example image 200 so that a target mean value associated
with a level of brightness for the entirety of example image
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200 may be set to a value of 140. Accordingly, the level of
brightness associated with the relatively darker region A may
be enhanced by HDR, with the mean value increased from 20
to 140. Similarly, the level of brightness associated with the
normally-lit region B may be enhanced by HDR, with the
mean value increased from 60 to 140. On the other hand, the
well-lit region C, having a mean value of 160 which is greater
than 140, requires no HDR processing to enhance the level of
brightness thereof. As a result, the respective HDR enhance-
ment ratio for region A may be 2.8 (e.g., log,(140/20)) and the
respective HDR enhancement ratio for region B may be 1.2
(e.g., log,(140/60)). The respective HDR enhancement ratio
for region C may be 0 since the mean value of region C, 160,
is already higher than the target mean value for the entire
example image 200, which is 140.

[0033] In this example, given that the respective HDR
enhancement ratio for each of regions A and B is not an
integer or a multiple of an integer, the respective HDR
enhancement ratio for each of regions A and B may be
mapped to an interpolated or nearest ISO setting. For
instance, given that the respective HDR enhancement ratio
forregion A is 2.8 and that the setting of ISO100 is used as the
level of sensitivity of light when no HDR processing is
required, the corresponding level of sensitivity of light, or
ISO setting, for region A would be ISO696 (=ISO(2*#x100)).
Thus, the interpolated or nearest ISO setting used for noise
reduction for region A may be ISO800. Likewise, given that
the respective HDR enhancement ratio for region B is 1.2 and
that the setting of ISO100 is used as the level of sensitivity of
light when no HDR processing is required, the corresponding
level of sensitivity of light, or ISO setting, for region B would
be 1S0230 (=1SO(2'*x100)). Thus, the interpolated or near-
est ISO setting used for noise reduction for region B may be
1S0200.

[0034] Accordingly, with different levels of HDR enhance-
ment for different portions of a preview, image or video
frame, e.g., example image 200, different levels of noise
reduction may be performed on or otherwise applied to dif-
ferent portions of the preview, image or video frame. This is
different from the conventional approach of applying the
same strength or level of noise reduction to the entire preview,
image or video frame, thus resulting in a preview, image or
video frame that is rather noisy or blurry. Advantageously, for
each portion of a number of portions of a preview, image or
video frame, implementations in accordance with the present
disclosure apply a strength or level of noise reduction corre-
sponding to the respective HDR enhancement ratio to avoid
rendering the resultant preview, image or video frame noisy
or blurry.

[0035] FIG. 3 illustrates an example apparatus 300 in
accordance with an implementations of the present disclo-
sure. Example apparatus 300 may be configured to implement
example algorithm 100 or any variation thereof. Example
apparatus 300 may also be configured to implement each of
example process 400 and 500, described below, and any
variation thereof.

[0036] Apparatus 300 may include a controller 305 which
may include a computation engine 320. In some implemen-
tations, apparatus 300 may include a processor in place of
controller 305, and in such cases description herein with
respect to controller 305 is applicable to such processor.
Computation engine 320 may be configured to receive a pre-
HDR processing version of a data related to digital imaging
and an HDR-processed version of the data. Computation
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engine 320 may be also configured to determine a respective
HDR enhancement ratio for each of one or more portions,
e.g., regions or pixels, of a plurality of portions of the HDR-
processed data. Computation engine 320 may be further con-
figured to determine a respective level of noise reduction
corresponding to the respective HDR enhancement ratio for
each of the one or more portions of the HDR-processed data.
The data related to digital imaging may include, for example
and not limited to, a preview, image or video frame. For
instance, computation engine 320 may receive the data after
the data has been captured by an imaging device, e.g., imag-
ing device 360, and processed for HDR.

[0037] In some implementations, in determining the
respective HDR enhancement ratio for each of the one or
more portions of the plurality of portions of the data, compu-
tation engine 320 may be configured to perform a number of
operations. For instance, computation engine 320 may deter-
mine a post-HDR target mean value associated with a level of
brightness for the data. Moreover, for each of the one or more
portions of the data, computation engine 320 may determine
a respective mean value associated with a level of brightness
by comparing the HDR-processed version of the data and a
pre-HDR processing version of the data, and calculate the
respective HDR enhancement ratio based on a ratio between
the target mean value and the respective mean value.

[0038] Insome implementations, in calculating the respec-
tive HDR enhancement ratio, computation engine 320 may be
configured to set the respective HDR enhancement ratio to 1
in an event that the respective mean value is greater than or
equal to the target mean value.

[0039] In some implementations, the target mean value
may be user-definable with respect to each portion of the data
such that a first target mean value associated with a first
portion of the data and a second target mean value associated
with a second portion of the data are different. For instance, a
user may set, configure or otherwise define different target
mean values for different portions of a given preview, image
or video frame when the user may wish not to brighten dif-
ferent relatively darker portions to the same level of bright-
ness. This may be the case when the user may wish to show
shading at different degrees of shades in the preview, image or
video frame. Alternatively or additionally, this may be the
case when the user may wish to avoid boosting too much
noise in the preview, image or video frame.

[0040] In some implementations, in determining the
respective level of noise reduction corresponding to the
respective HDR enhancement ratio for each of the one or
more portions of the data, computation engine 320 may be
configured to perform a number of operations. For instance,
for each of the one or more portions of the data, computation
engine 320 may determine whether the respective HDR
enhancement ratio is a multiple of an integer. Computation
engine 320 may also, for each of the one or more portions of
the data, map the respective HDR enhancement ratio to a
corresponding level of sensitivity of light of a plurality of
levels of sensitivity of light of an imaging device that captured
the data in response to a determination that the respective
HDR enhancement ratio is a multiple of an integer. Compu-
tation engine 320 may refer to a look-up table (e.g., look-up
table 370) in performing the mapping of the respective HDR
enhancement ratio to a corresponding level of sensitivity of
light of a plurality of levels of sensitivity of light of an imag-
ing device that captured the data. Additionally, computation
engine 320 may, for each of the one or more portions of the
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data, map the respective HDR enhancement ratio to an inter-
polated level of sensitivity of light based on the plurality of
levels of sensitivity of light of the imaging device in response
to a determination that the respective HDR enhancement ratio
is not a multiple of an integer. Computation engine 320 may
refer to a look-up table (e.g., look-up table 370) in performing
the mapping of the respective HDR enhancement ratio to an
interpolated level of sensitivity of light based on the plurality
of'levels of sensitivity of light of the imaging device.

[0041] In some implementations, computation engine 320
may be further configured to identify a plurality of regions in
the data, each region of the plurality of regions having a
respective mean value associated with a level of brightness.
Additionally, computation engine 320 may divide the data
into the plurality of portions according to the plurality of
regions prior to the determining of the respective HDR
enhancement ratio for each of the one or more portions of the
data.

[0042] In some implementations, apparatus 300 may also
include an HDR engine 310 and a noise reduction engine 330,
either or both of which may be part of controller 305, as
shown in FIG. 3. In other implementations, each of HDR
engine 310 and noise reduction engine 330 may be physically
separate from controller 305. HDR engine 310 may be con-
figured to receive the data and perform HDR processing on
the data to output the HDR-processed version of the data, as
input to computation engine 320. Noise reduction engine 330
may be coupled to computation engine 320, and may be
configured to perform noise reduction up to the respective
level of noise reduction for each of the one or more portions
of'the HDR-processed version of the data.

[0043] Insome implementations, HDR engine 310 may be
configured with a noise reduction function to perform noise
reduction on the regions or pixels of a given preview, image or
video frame. Nevertheless, the noise reduction function of
HDR engine 310 may be turned off at least when HDR engine
310 performs HDR processing on the data.

[0044] In some implementations, in performing noise
reduction up to the respective level of noise reduction for each
of'the one or more portions of the data, noise reduction engine
330 may be configured to skip noise reduction for a particular
portion of the one or more portions of the data in an event that
the respective HDR enhancement ratio of the particular por-
tion is 1.

[0045] In some implementations, apparatus 300 may
include imaging device 360. For instance, apparatus 300 may
be a smartphone or a mobile device equipped with imaging
device 360, e.g., a camera, capable of capturing still images
and/or videos to provide a preview, image or video frame as
original data 340 related to digital imaging.

[0046] In the example shown in FIG. 3, HDR engine 310
may receive original data 340 as input to perform HDR pro-
cessing on original data 340 to output an HDR-processed data
related to digital imaging. Computation engine 320 may
receive both the original data 340 and the HDR-processed
data as input to perform analysis, e.g., in accordance with
example algorithm 100 or any variation thereof. Computation
engine 320 may output results of mapping of level of noise
reduction to HDR enhancement ratio for one or more por-
tions, e.g., regions or pixels, of the HDR-processed data.
Noise reduction engine 330 may receive both the HDR-pro-
cessed data and the results of mapping as input to perform
noise reduction for one or more portions, e.g., regions or
pixels, of the HDR-processed data, e.g., in accordance with
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example algorithm 100 or any variation thereof, to output a
new HDR-processed data 350.

[0047] FIG. 4 is a flowchart of an example process 400 in
accordance with an implementation of the present disclosure.
Example process 400 may represent another aspect of imple-
menting features of example algorithm 100. Example process
400 may include one or more operations, actions, or functions
as illustrated by one or more of blocks 410, 420, 430 and 440.
Although illustrated as discrete blocks, various blocks may be
divided into additional blocks, combined into fewer blocks,
or eliminated, depending on the desired implementation.
Example process 400 may be implemented by controller 305
of'example apparatus 300. Solely for illustrative purposes, the
operations of example process 400 are described below in the
context of example process 400 being performed by control-
ler 305 of example apparatus 300. Example process 400 may
begin at block 410.

[0048] Block 410 may refer to controller 305 receiving a
data related to digital imaging. The data may include, for
example, a preview, image or video frame. For instance, con-
troller 305 may receive the data after the data (e.g., preview,
image or video frame) has been captured by an imaging
device and processed for HDR. Block 410 may be followed
by block 420.

[0049] Block 420 may refer to controller 305 determining a
respective HDR enhancement ratio for each of one or more
portions of a plurality of portions of the data. Block 420 may
be followed by block 430.

[0050] Block 430 may refer to controller 305 determining a
respective level of noise reduction corresponding to the
respective HDR enhancement ratio for each of the one or
more portions of the data. Block 430 may be followed by
block 440.

[0051] Block 440 may refer to controller 305 performing
noise reduction up to the respective level of noise reduction
for each of the one or more portions of the data.

[0052] Insome implementations, with respect to the deter-
mining of the respective HDR enhancement ratio for each of
the one or more portions of the plurality of portions of the
data, example process 400 may involve controller 305 deter-
mining a post-HDR target mean value associated with a level
of'brightness for the data. For each ofthe one or more portions
of the data, example process 400 may also involve controller
305 determining a respective mean value associated with a
level of brightness. Further, for each of the one or more
portions of the data, example process 400 may involve con-
troller 305 calculating the respective HDR enhancement ratio
based on a ratio between the target mean value and the respec-
tive mean value.

[0053] Insome implementations, with respect to the calcu-
lating of the respective HDR enhancement ratio, example
process 400 may involve controller 305 setting the respective
HDR enhancement ratio to 1 in an event that the respective
mean value is greater than or equal to the target mean value.
[0054] In some implementations, the target mean value
may be user-definable with respect to each portion of the data
such that a first target mean value associated with a first
portion of the data and a second target mean value associated
with a second portion of the data are different.

[0055] In some implementations, with respect to the deter-
mining of the respective level of noise reduction correspond-
ing to the respective HDR enhancement ratio for each of the
one or more portions of the data, example process 400 may
involve controller 305 performing a number of operations for

Dec. 31, 2015

each of the one or more portions of the data. For instance,
example process 400 may involve controller 305 determining
whether the respective HDR enhancement ratio is a multiple
of an integer. Example process 400 may also involve control-
ler 305 mapping the respective HDR enhancement ratio to a
corresponding level of sensitivity of light of a plurality of
levels of sensitivity of light of the imaging device in response
to a determination that the respective HDR enhancement ratio
is a multiple of an integer. Example process 400 may further
involve controller 305 mapping the respective HDR enhance-
ment ratio to an interpolated level of sensitivity of light based
on the plurality of levels of sensitivity of light of the imaging
device in response to a determination that the respective HDR
enhancement ratio is not a multiple of an integer.

[0056] In some implementations, with respect to the per-
forming of noise reduction up to the respective level of noise
reduction for each of the one or more portions of the data,
example process 400 may involve controller 305 skipping
noise reduction for a particular portion of the one or more
portions of the data in an event that the respective HDR
enhancement ratio of the particular portion is 1.

[0057] In some implementations, example process 400
may also involve controller 305 identifying a plurality of
regions in the data, each region of the plurality of regions
having a respective mean value associated with a level of
brightness. Example process 400 may additionally involve
controller 305 dividing the data into the plurality of portions
according to the plurality of regions prior to the determining
of'the respective HDR enhancement ratio for each of the one
or more portions of the data.

[0058] FIG. 5 is a flowchart of an example process 500 in
accordance with an implementation of the present disclosure.
Example process 500 may represent another aspect of imple-
menting features of example algorithm 100. Example process
500 may include one or more operations, actions, or functions
as illustrated by one or more of blocks 510, 520 and 530.
Although illustrated as discrete blocks, various blocks may be
divided into additional blocks, combined into fewer blocks,
or eliminated, depending on the desired implementation.
Example process 500 may be implemented by controller 305
of'example apparatus 300. Solely for illustrative purposes, the
operations of example process 500 are described below in the
context of example process 500 being performed by control-
ler 305 of example apparatus 300. Example process 500 may
begin at block 510.

[0059] Block 510 may refer to controller 305 receiving a
data related to digital imaging. The data may include, for
example, a preview, image or video frame. For instance, con-
troller 305 may receive the data after the data (e.g., preview,
image or video frame) has been captured by an imaging
device and processed for HDR. Block 510 may be followed
by block 520.

[0060] Block 520 may refer to controller 305 determining a
first level of HDR enhancement in a level of brightness for a
first portion of a plurality of portions of the data and a second
level of HDR enhancement in the level of brightness for a
second portion of the plurality of portions of the data. The first
level of HDR enhancement and the second level of HDR
enhancement may be different. Block 520 may be followed
by block 530.

[0061] Block 530 may refer to controller 305 performing a
first level of noise reduction for the first portion of the data and
a second level of noise reduction for the second portion of the
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data. The first level of noise reduction and the second level of
noise reduction may be different.

[0062] Insome implementations, with respect to the deter-
mining of the first level of HDR enhancement in the level of
brightness for the first portion of the data and the second level
of HDR enhancement in the level of brightness for the second
portion of the data, example process 500 may involve con-
troller 305 determining a respective HDR enhancement ratio
for each of'the first portion and the second portion of the data.
[0063] Insome implementations, with respect to the deter-
mining of the respective HDR enhancement ratio for each of
the first portion and the second portion of the data, example
process 500 may involve controller 305 performing a number
of'operations. For instance, example process 500 may involve
controller 305 determining a post-HDR target mean value
associated with a level of brightness for the data. For each of
the first portion and the second portion of the data, example
process 500 may involve controller 305 determining a respec-
tive mean value associated with a level of brightness. For each
of'the first portion and the second portion of the data, example
process 500 may also involve controller 305 calculating the
respective HDR enhancement ratio based on a ratio between
the target mean value and the respective mean value.

[0064] Insome implementations, with respect to the calcu-
lating of the respective HDR enhancement ratio, example
process 500 may involve controller 305 setting the respective
HDR enhancement ratio to 1 in an event that the respective
mean value is greater than or equal to the target mean value.
[0065] In some implementations, the target mean value
may be user-definable with respect to each portion of the data
such that a first target mean value associated with a first
portion of the data and a second target mean value associated
with a second portion of the data are different.

[0066] In some implementations, with respect to the per-
forming ofthe first level of noise reduction for the first portion
of the data and the second level of noise reduction for the
second portion of the data, example process 500 may involve
controller 305 determining a respective level of noise reduc-
tion corresponding to the respective HDR enhancement ratio
for each of'the first portion and the second portion of the data.
[0067] Insome implementations, with respect to the deter-
mining of the respective level of noise reduction correspond-
ing to the respective HDR enhancement ratio for each of the
one or more portions of the data, example process 500 may
involve controller 305 performing a number of operations for
each ofthe first portion and the second portion of the data. For
instance, example process 500 may involve controller 305
determining whether the respective HDR enhancement ratio
is a multiple of an integer. Example process 500 may also
involve controller 305 mapping the respective HDR enhance-
ment ratio to a corresponding level of sensitivity of light of'a
plurality of levels of sensitivity of light of the imaging device
in response to a determination that the respective HDR
enhancement ratio is a multiple of an integer. Example pro-
cess 500 may further involve controller 305 mapping the
respective HDR enhancement ratio to an interpolated level of
sensitivity of light based on the plurality of levels of sensitiv-
ity of light of the imaging device in response to a determina-
tion that the respective HDR enhancement ratio is not a mul-
tiple of an integer.

[0068] In some implementations, with respect to the per-
forming ofthe first level of noise reduction for the first portion
of the data and the second level of noise reduction for the
second portion of the data, example process 500 may involve
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controller 305 skipping noise reduction for the first portion or
the second portion of the data in an event that the respective
HDR enhancement ratio of the first portion or the second
portion is 1.

[0069] In some implementations, example process 500
may also involve controller 305 identifying a plurality of
regions in the data, each region of the plurality of regions
having a respective mean value associated with a level of
brightness. Example process 500 may additionally involve
controller 305 dividing the data into a plurality of portions,
including the first portion and the second portion, according
to the plurality of regions.

Additional Notes

[0070] The herein-described subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. It is to be understood
that such depicted architectures are merely examples, and that
in fact many other architectures can be implemented which
achieve the same functionality. In a conceptual sense, any
arrangement of components to achieve the same functionality
is effectively “associated” such that the desired functionality
is achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as “associated
with” each other such that the desired functionality is
achieved, irrespective of architectures or intermedial compo-
nents. Likewise, any two components so associated can also
be viewed as being “operably connected”, or “operably
coupled”, to each other to achieve the desired functionality,
and any two components capable of being so associated can
also be viewed as being “operably couplable”, to each other to
achieve the desired functionality. Specific examples of oper-
ably couplable include but are not limited to physically mate-
able and/or physically interacting components and/or wire-
lessly interactable and/or wirelessly interacting components
and/or logically interacting and/or logically interactable com-
ponents.

[0071] Further, with respect to the use of substantially any
plural and/or singular terms herein, those having skill in the
art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be
expressly set forth herein for sake of clarity.

[0072] Moreover, it will be understood by those skilled in
the art that, in general, terms used herein, and especially in the
appended claims, e.g., bodies of the appended claims, are
generally intended as “open” terms, e.g., the term “including”
should be interpreted as “including but not limited to,” the
term “having” should be interpreted as “having at least,” the
term “includes” should be interpreted as “includes but is not
limited to,” etc. It will be further understood by those within
the art that if a specific number of an introduced claim reci-
tation is intended, such an intent will be explicitly recited in
the claim, and in the absence of such recitation no such intent
is present. For example, as an aid to understanding, the fol-
lowing appended claims may contain usage of the introduc-
tory phrases “at least one” and “one or more” to introduce
claim recitations. However, the use of such phrases should not
be construed to imply that the introduction of a claim recita-
tion by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to imple-
mentations containing only one such recitation, even when
the same claim includes the introductory phrases “one or

[Tt}

more” or “at least one” and indefinite articles such as “a” or
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“an,” e.g., “a” and/or “an” should be interpreted to mean “at
least one” or “one or more;” the same holds true for the use of
definite articles used to introduce claim recitations. In addi-
tion, even if a specific number of an introduced claim recita-
tion is explicitly recited, those skilled in the art will recognize
that such recitation should be interpreted to mean at least the
recited number, e.g., the bare recitation of “two recitations,”
without other modifiers, means at least two recitations, or two
or more recitations. Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc.” is
used, in general such a construction is intended in the sense
one having skill in the art would understand the convention,
e.g., “a system having at least one of A, B, and C” would
include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc. In those instances
where a convention analogous to “at least one of A, B, or C,
etc” is used, in general such a construction is intended in the
sense one having skill in the art would understand the con-
vention, e.g., “a system having at least one of A, B, or C”
would include but not be limited to systems that have A alone,
B alone, C alone, A and B together, A and C together, B and
C together, and/or A, B, and C together, etc. It will be further
understood by those within the art that virtually any disjunc-
tive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should
be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For
example, the phrase “A or B” will be understood to include
the possibilities of “A” or “B” or “A and B.”

[0073] From the foregoing, it will be appreciated that vari-
ous implementations of the present disclosure have been
described herein for purposes of illustration, and that various
modifications may be made without departing from the scope
and spirit of the present disclosure. Accordingly, the various
implementations disclosed herein are not intended to be lim-
iting, with the true scope and spirit being indicated by the
following claims.

What is claimed is:
1. A method, comprising:

receiving a high dynamic range (HDR)-processed version
of a data related to digital imaging;

determining a respective HDR enhancement ratio for each
of one or more portions of a plurality of portions of the
data;

determining a respective level of noise reduction corre-
sponding to the respective HDR enhancement ratio for
each of the one or more portions of the data; and

performing noise reduction up to the respective level of
noise reduction for each of the one or more portions of
the data.

2. The method of claim 1, wherein the data comprises a
preview, image or video frame.

3. The method of claim 1, wherein the receiving comprises
receiving the data after the data has been captured by an
imaging device and processed for HDR.

4. The method of claim 1, wherein the determining of the
respective HDR enhancement ratio for each of the one or
more portions of the plurality of portions of the data com-
prises:

determining a post-HDR target mean value associated with

a level of brightness for the data; and
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for each of the one or more portions of the data:

determining a respective mean value associated with a
level of brightness by comparing the HDR-processed
version of the data and a pre-HDR processing version
of the data; and

calculating the respective HDR enhancement ratio
based on a ratio between the target mean value and the
respective mean value.

5. The method of claim 4, wherein the calculating of the
respective HDR enhancement ratio comprises setting the
respective HDR enhancement ratio to 1 in an event that the
respective mean value is greater than or equal to the target
mean value.

6. The method of claim 4, wherein the target mean value is
user-definable with respect to each portion of the data such
that a first target mean value associated with a first portion of
the data and a second target mean value associated with a
second portion of the data are different.

7. The method of claim 1, wherein the determining of the
respective level of noise reduction corresponding to the
respective HDR enhancement ratio for each of the one or
more portions of the data comprises:

for each of the one or more portions of the data:

determining whether the respective HDR enhancement
ratio is a multiple of an integer;

mapping the respective HDR enhancement ratio to a
corresponding level of sensitivity of light of a plural-
ity of levels of sensitivity of light of an imaging device
that captured the data in response to a determination
that the respective HDR enhancement ratio is a mul-
tiple of an integer; and

mapping the respective HDR enhancement ratio to an
interpolated level of sensitivity of light based on the
plurality of levels of sensitivity of light of the imaging
device in response to a determination that the respec-
tive HDR enhancement ratio is not a multiple of an
integer.

8. The method of claim 7, wherein the image device com-
prises a camera, and wherein the plurality of levels of sensi-
tivity of light comprises a plurality of International Standard
Organization (ISO) settings of the camera.

9. The method of claim 1, wherein the performing of noise
reduction up to the respective level of noise reduction for each
of the one or more portions of the data comprises skipping
noise reduction for a particular portion of the one or more
portions of the data in an event that the respective HDR
enhancement ratio of the particular portion is 1.

10. The method of claim 1, further comprising:

identifying a plurality of regions in the data, each region of

the plurality of regions having a respective mean value
associated with a level of brightness; and

dividing the data into the plurality of portions according to

the plurality of regions prior to the determining of the
respective HDR enhancement ratio for each of the one or
more portions of the data.

11. A method, comprising:

receiving a high dynamic range (HDR)-processed version

of a data related to digital imaging and a pre-HDR pro-
cessing version of the data;

determining a first level of HDR enhancement in a level of

brightness for a first portion of a plurality of portions of
the data and a second level of HDR enhancement in the
level of brightness for a second portion ofthe plurality of



US 2015/0381870 Al

portions of the data, the first level of HDR enhancement
and the second level of HDR enhancement being differ-
ent; and

performing a first level of noise reduction for the first
portion of the data and a second level of noise reduction
for the second portion of the data, the first level of noise
reduction and the second level of noise reduction being
different.

12. The method of claim 11, wherein the data comprises a
preview, image or video frame.

13. The method of claim 11, wherein the receiving com-
prises receiving the data after the data has been captured by an
imaging device and processed for HDR.

14. The method of claim 11, wherein the determining of the
first level of HDR enhancement in the level of brightness for
the first portion of the data and the second level of HDR
enhancement in the level of brightness for the second portion
of'the data comprises determining a respective HDR enhance-
ment ratio for each of the first portion and the second portion
of the data.

15. The method of claim 14, wherein the determining of the
respective HDR enhancement ratio for each of the first por-
tion and the second portion of the data comprises:

determining a post-HDR target mean value associated with

a level of brightness for the data; and

for each of the first portion and the second portion of the

data:

determining a respective mean value associated with a
level of brightness by comparing the HDR-processed
version of the data and a pre-HDR processing version
of the data; and

calculating the respective HDR enhancement ratio
based on a ratio between the target mean value and the
respective mean value.

16. The method of claim 15, wherein the calculating of the
respective HDR enhancement ratio comprises setting the
respective HDR enhancement ratio to 1 in an event that the
respective mean value is greater than or equal to the target
mean value.

17. The method of claim 15, wherein the target mean value
is user-definable with respect to each portion of the data such
that a first target mean value associated with a first portion of
the data and a second target mean value associated with a
second portion of the data are different.

18. The method of claim 14, wherein the performing of the
first level of noise reduction for the first portion of the data and
the second level of noise reduction for the second portion of
the data comprises determining a respective level of noise
reduction corresponding to the respective HDR enhancement
ratio for each of'the first portion and the second portion of the
data.

19. The method of claim 18, wherein the determining of the
respective level of noise reduction corresponding to the
respective HDR enhancement ratio for each of the one or
more portions of the data comprises:

for each of the first portion and the second portion of the

data:

determining whether the respective HDR enhancement
ratio is a multiple of an integer;

mapping the respective HDR enhancement ratio to a
corresponding level of sensitivity of light of a plural-
ity oflevels of sensitivity of light of an imaging device
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that captured the data in response to a determination
that the respective HDR enhancement ratio is a mul-
tiple of an integer; and

mapping the respective HDR enhancement ratio to an
interpolated level of sensitivity of light based on the
plurality of levels of sensitivity of light of the imaging
device in response to a determination that the respec-
tive HDR enhancement ratio is not a multiple of an
integer.

20. The method of claim 19, wherein the image device
comprises a camera, and wherein the plurality of levels of
sensitivity of light comprises a plurality of International Stan-
dard Organization (ISO) settings of the camera.

21. The method of claim 11, wherein the performing of the
first level of noise reduction for the first portion of the data and
the second level of noise reduction for the second portion of
the data comprises skipping noise reduction for the first por-
tion or the second portion of the data in an event that the
respective HDR enhancement ratio of the first portion or the
second portion is 1.

22. The method of claim 11, further comprising:

identifying a plurality of regions in the data, each region of
the plurality of regions having a respective mean value
associated with a level of brightness; and

dividing the data into a plurality of portions, including the
first portion and the second portion, according to the
plurality of regions.

23. An apparatus, comprising:

a computation engine configured to receive a pre-high
dynamic range (HDR) processing version of an data
related to digital imaging and an HDR-processed ver-
sion of the data, the computation engine also configured
to determine a respective HDR enhancement ratio for
each of one or more portions of a plurality of portions of
the HDR-processed data, the computation engine fur-
ther configured to determine a respective level of noise
reduction corresponding to the respective HDR
enhancement ratio for each of the one or more portions
of the HDR-processed data.

24. The apparatus of claim 23, wherein the data comprises

a preview, image or video frame.
25. The apparatus of claim 23, wherein the computation
engine is configured to receive the data after the data has been
captured by an imaging device and processed for HDR.
26. The apparatus of claim 23, wherein, in determining the
respective HDR enhancement ratio for each of the one or
more portions of the plurality of portions of the data, the
computation engine is configured to perform operations com-
prising:
determining a post-HDR target mean value associated with
a level of brightness for the data; and
for each of the one or more portions of the data:
determining a respective mean value associated with a
level of brightness by comparing the HDR-processed
version of the data and a pre-HDR processing version
of the data; and

calculating the respective HDR enhancement ratio
based on a ratio between the target mean value and the
respective mean value.

27. The apparatus of claim 26, wherein, in calculating the
respective HDR enhancement ratio, the computation engine
is configured to set the respective HDR enhancement ratio to
1 in an event that the respective mean value is greater than or
equal to the target mean value.
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28. The apparatus of claim 26, wherein the target mean
value is user-definable with respect to each portion of the data
such that a first target mean value associated with a first
portion of the data and a second target mean value associated
with a second portion of the data are different.

29. The apparatus of claim 23, wherein, in determining the
respective level of noise reduction corresponding to the
respective HDR enhancement ratio for each of the one or
more portions of the data, the computation engine is config-
ured to perform operations comprising:

for each of the one or more portions of the data:

determining whether the respective HDR enhancement
ratio is a multiple of an integer;

mapping the respective HDR enhancement ratio to a
corresponding level of sensitivity of light of a plural-
ity oflevels of sensitivity of light of an imaging device
that captured the data in response to a determination
that the respective HDR enhancement ratio is a mul-
tiple of an integer; and

mapping the respective HDR enhancement ratio to an
interpolated level of sensitivity of light based on the
plurality of levels of sensitivity of light of the imaging
device in response to a determination that the respec-
tive HDR enhancement ratio is not a multiple of an
integer.

30. The apparatus of claim 29, wherein, in the mapping of
the respective HDR enhancement ratio to a corresponding
level of sensitivity of light of a plurality of levels of sensitivity
of light of an imaging device that captured the data or in the
mapping of the respective HDR enhancement ratio to an
interpolated level of sensitivity of light based on the plurality
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of levels of sensitivity of light of the imaging device, the
computation engine is further configured to refer to a look-up
table to perform the mapping.

31. The apparatus of claim 23, wherein the computation
engine is further configured to perform operations compris-
ing:

identifying a plurality of regions in the data, each region of
the plurality of regions having a respective mean value
associated with a level of brightness; and

dividing the data into the plurality of portions according to
the plurality of regions prior to the determining of the
respective HDR enhancement ratio for each of the one or
more portions of the data.

32. The apparatus of claim 23, further comprising:

a high dynamic range (HDR) engine configured to receive
the data and perform HDR processing on the data to
output the HDR-processed version of the data; and

a noise reduction engine coupled to the computation
engine, the noise reduction engine configured to per-
form noise reduction up to the respective level of noise
reduction for each of the one or more portions of the
HDR-processed version of the data.

33. The apparatus of claim 32, wherein a noise reduction
function of the HDR engine is turned off at least when the
HDR engine performs HDR processing on the data.

34. The apparatus of claim 32, wherein, in performing
noise reduction up to the respective level of noise reduction
for each of the one or more portions of the data, the noise
reduction engine is configured to skip noise reduction for a
particular portion of the one or more portions of the data in an
event that the respective HDR enhancement ratio of the par-
ticular portion is 1.



