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Systems and Methods for Image Enhancement by Local Tone Curve Mapping

CROSS-REFERENCE TO RELATED APPLICATIONS

{6081 The present application claims priority from U.S. Provisional Application Serial
Ne. 61/725,182 entitled “Image Enhancement By Local Tone Curve Mapping with Better Color
Preservation,” filed 12 November 2012, the entirety of which s hereby incorporated by
reference.

18082} This disclosure is related generally to image processing and more particularly to

fmage countrast adjustinent.

BACKGROUND

{G083] Digital cameras are often limited in their dynamic range. Such limitations can result
in sub-par picture quality, especially in high contrast or high dynamic range photography
settings, where especially bright or dark arcas of a photograph tend to overpower other portions,
resulting in a loss of color and detail. The human eye has a dynamic range of about 1,000,000:1,
while 8-bit digital cameras often have a range of at most 255:1. Thus, current cameras cannot
deal with this issue at the time of image capture. While post-capture processing has been
attempted, such processing often fails to improve picture detail to an acceptable level.
SUMMARY
{6084} Systems and methods are provided for a computer-implemented method of adjusting
a digital tmage. A low pass filtering s performed on a digital tmage to remove high frequency

data to generate filtered image data. The digital image is divided into a plurality of regions, and
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a brightness level of a particular region of the digital image 1s identified using the filtered image
data. A transformation curve 1s sclected for the particular region based on the brightuess fevel,
and the transformation curve is apphicd to the particular region to generate adjusted image data
for the particular region baving adjusted brightness. The adjusted image data is stored ina
computer-readable medium.

{G085] As another example, a systern for adjusting a digital image mchudes a computer-
readable storage mediom configured for storage of an unadjusted digital image. A low pass filter
is configured to remove high frequency data from the unadjusted digital image to generate
filtered image data. A brightness identification meodule is configured to identify a brightness
ievel of a particular region of the digital image using the filtered image data, and a data processor
is configured to apply a transformation curve to the particular region o generate adjusted image
data for the particular region that has an adjusted brightness, the transformation curve being
sclected based on the identified brightness of the particular region. A computer-readable storage
raedium is configured to store the adjusted image data.

BRIEE DESCRIPTION OF THE DRAWINGS

{8086} FIEG. 118 an example photograph prior to brightness adjustment.

{60871 FIG. 2 1s a block diagram depicting a system for adjusting a digital image.
{6088] FIG. 3A and 3B depict exarople transformation curves.

18669} FIG. 418 a block diagram depicting additional details of regional transformation
curve selection and application.

[0010] FIG. 5 depicts a menu of seven transformation curves that can be applied to

mdividual regions of a digital image.
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{6011} FIG. 6 1s a block diagram depicting a system where transformation curves are applied
to the low pass filtered version of the digital image, with the high frequency, detailed portions of
the digital image being reincorporated following application of the transformation curve.

{6012] FIG. 7 is a block diagram depicting a computer-implemented system for adjusting a
digital image.

{6613} FIG. 8 13 a flow diagram depicting a computer-implemented method of adjusting a
digital image.

DETAILED BESCRIPTION

{6014} FIG. 1 is an example photograph prior to brightness adpustment. The photograph
includes bright sky and mountain portions 102 and dark tree portions 104, The photograph also
includes high detail portions where two boats 106 are depicted. The broad range of brighiness
from the sky portion 102 to the tree portion 104 extends beyond the dynamic range of the digital
camncra, resulting in a loss of color and detail quality. In one method, the bright portions 102 of
the photograph arc darkened and the dark portions 104 are brightened, where the magnitude of
adjustment is based oun the magnitude of corresponding brightness or darkness in the original
photograph. While such a global adjustment method can improve picture quality, further
improvement can be achieved through localized contrast adjustment and special treatment of
high detail portions 106 of the photograph.

{B015] FIG. 2 1s a block diagram depicting a system for adjusting a digital image 202, The
systery includes a low pass filter 204. Because darkness and brightness tend to be a macro-
phenomenon in a digital image 202, such as the photograph depicted in FIG. 1, the low pass filter

204 18 configured to remove high frequency data (ie., pixel values that have wide variations
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within a small arca, such as the boat arcas 106 in FIG. 1) for downstream analysis of whether a
region of the digital image 202 18 a dark region or a bright region.

{8016} At 206, the digital vmage 202 18 divided into a plurality of regions, where regions can
be configurably sized, down to a single pixel in size. A transformation curve is selected for each
of the regions using the image data filtered by the low pass filter 204, FI1G. 3A and 3B depict
example transformation curves. The transtormation curve 302 of FIG. 3A brightens pixels in a
region, with darker pixels being brightened more than brighter pixels i the region. Because the
transformation curve 302 of FIG. 3A is entirely above a neutral diagonal adjustment line 306, the
transformation curve 302 of FIG. 3A only brightens pixels in the region. The transformation
curve 304 of FIG. 3B darkens pixels in a region, with brighter pixels being darkened more than
darker pixels in the region. Because the transformation curve 304 of FIG. 3B is entirely below a
neutral diagonal adjustment line 306, the transformation curve 304 of FIG. 3B only darkens
pixels in the region. Each region of the digital image 202 is analyzed to determine a brightness
icvel of that region.

{6617} o one exaraple, an average brighiness is determined for a region based on an average
brightness of all pixels in the region. That regional brightness is compared to one or more
thresholds to select a transformation curve (e.g., the transformation curve of FIG. 3A is sclected
for regions identified as dark regions, while the transformation curve of FIG. 3B is selected for
regions identified as bright regions).  The transformation curve 1s then applied to the pixels 1o
the region to generate adjusted image data. Selected transformation curves are applied to cach of
the regions of the digital image 202 to generate a collection of adjusted image data that forms an
cuhanced 1mage 208, Application of the selected transformation curves, where pixels are

darkened in bright regious and brightened 1o dark regions, tends to reduce the total brightness
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range {i.¢., the difference in brightness of the brightest pixel to the darkest pixel} of the digital
image 202, where controlled adjustment can improve the quality in the enhanced image 208,
{018} FIG. 418 a block diagram depicting additional details of regional transformation
curve selection and application. A digttal image 402 is provided to a low pass filter 404 to
remove high frequency data from the digital image 402 to generate filtered image data. Regional
transformation curve selection and application 15 apphied at 406 at 408, 410, 412. At 408, the
digital image 1s divided into a plarality of regions, and a brighiness level is identified for cach of
the regions of the digital image using the filtered image data from the low pass filter 404. At
410, a transformation curve is selected for cach of the regions based on the brightness level
identitied for that region at 408, At 412, a selected transformation curve 15 applied to each
region by modifying cach pixel of the digital image 402 in that region according to the selected
transformation curve, resulting in the pixels in that region having an adjusted brightness, as
represented in the adiusted image data outputted at 412, The adjusted image data from cach of
the regions of the digital image 402 15 cornbined to form an enhanced image 414, where that
adjusted image data is stored in a comoputer-readable medium.

{8019} While single brightening (¢.g., FIG. 3A) and darkening {e.g., FIG. 3B) transformation
curves, regionally applied, can significantly improve image quality, in some cxamples, image
quality is further improved through sclection of transformation curves from a larger population
of candidate trausformation carves. FIG. § depicts a menu of seven transformation curves that
can be applied to individual regions of a digital image. Each region of a digital image is
identified as having a particular brightness level, When a particular region is identified as being
a dark region, one of transformation curves 502, 504, 506 is sclected for application. When a

region is wdentified as being very dark (i.e., beyond a threshold level of darkness), transformation
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curve 502 is applied to pixels in that region to provide a greatest degree of brightening. When a
region is wdentified as being in an intermcediate range of darkness, transformation curve 504 is
selected, and when a region is identified as being in a slightly dark vange, transformation curve
506 18 selected. Similarly, when a region is identified as being very bright (i.e., beyond a
threshold level of brightness), transformation curve 508 is applied to pixels in that region to
provide a greatest degree of darkening. When a region is wdentified as being in an intermediate
range of brightness, transformation curve 510 1s selected, and when a region is identified as
being in a slightly bright range, transformation curve 512 is selected. When a region is identified
as being in a neutral range of brightness/darkness, transformation curve 514 is selected, where
transforration curve 514 applics no adjustment to pixels in a corresponding region (i.e., an
output pixel value 1s equal to s input pixel valoe).

{(028] In the examples of FIGS. 2 and 4, the transformation curves are applied directly to
regions of the digital image 202, 402. In the example of FIG. 6, transformation curves are
applied to the low pass filtered version of the digital image, with the high frequency, detailed
portions of the digital image bewng reincorporated following application of the fransformation
curve. A digital image 602 1s provided to a low pass filter 604 to remove high frequency data
from the digital image 602 as filtered image data. The filtered image data is provided to a low
pass subtraction module 606, where the data that remains following the low pass filtering at 604
is subtracted from the digital image 602, such that only the high frequency data 608 of the digual
image 602 remains.

16621} At 610, the filtered image data from 604 is further processed, where the digital image

602 1s divided into a plurality of regions, and a brightness level 15 identified for each of the
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regions using the filtered image data. At 612, a transformation curve is selected for cach of the
regions based on the associated brightness level for that region.

180221 At 614, a selected transformation curve is applied to the filtered form of each region
to generate adjusted image data that has an adjusted brightness. Because the transformation
curve is applied to the filtered image data, no transformation curve adjustment is made to the
high frequency data 608, At 616, the high frequency data 608 1s reincorporated into the adjusted
image data, such as via an addition or multiplication operation to complete the enhanced iroage
61K, whose data is stored in a computer-readable storage medium.

{6023] In addition to providing enhanced image quality over traditional image processing
methods, systems and methods as described herein can perform adjustraents resulting in a
substantially lower display power. Some prior image processing methods have attempted to
improve image quality by brightening dark portions of an image or brightening all portions of an
image. While such methods may provide marginally improved results, these methods also may
increasc power requirernents for display devices, because brighter pixels often require more
energy to display. Systems and methods as described herein may tend to brighten and darken
pixels at a comparable rate, such that the resulting power requirements for displaying an
enhanced image are substantially similar as the requirements for display of an unadjusted digital
image.

18024} FIG. 7 1s a block diagram depicting a computer-implemented system for adjusting a
digital image. The system includes a computer-readable storage mediuvm 702 configured for
storage of an unadjusted digital image. A low pass filter 704 is configured to remove high
frequency data from the unadjusted digital image to gencerate filtered image data. A brightness

identification module 706 is configured to identify a brightoess level of a particular region of the

~3
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digital image using the filtered image data. A data processor 70¥ is configured to apply a
transforration curve to the particular region to generate adjusted image data for the particular
region that has an adjusted brightness, the transformation curve being selected from a plurality of
transformation curves 710 based on the identified brightness of the particular region. A
computer-readable storage medium 712 is configured to store the adjusted image data.

16025} FIG. 8 13 a flow diagram depicting a computer-implemented method of adjusting a
digital image. At 802, a low pass filiering s performed on a digital image to remove high
frequency data to generate filtered image data. At 804, the digital image is divided into a
plurality of regions, and a brighiness level of a particular region of the digital image is identified
at 8§06 using the filtered frage data. At 808, a transformation curve is sclected for the particular
region based on the brighiness level, and the transformation curve is applied to the particular
region at 810 to generate adjusted image data for the particular region having adjusted
brightness. The adjusted image data is stored in a computer-readable medium.

{0026} This apphication uscs exaraples to illustrate the invention. The patentable scope of the

invention includes other examples.
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it is claimed:
1. A method of adjusting a digital image, conprising:

performing a low pass filtering on a digital froage to generate filtered image data;

dividing the digital image into a plurality of regions;

identifying a brightness level of a particular region of the digital image using the
filtered image data;

selecting a transformation curve for the particular region based on the brightness
level;

applying the transformation curve to the particular region to generate adjusted
image data for the particular region having an adjusted brightness; and

storing the adjusted image data in a computer-readable medivm.

2. The method of claim 1, wherein the transformation curve is configured to adjust a
brightness of cach pixcl in the particular region based on an unadjusted brightness of that pixel,

wherein an amount of adjostment is based on the unadjusted brightness of that pixel.

3. The method of claim 1, wherein the selected transformation curve is chosen from a set
containing a plurality of transformation curves, wherein a particular transformation curve is
selected as the selected trausformation curve when the brighiness level falls within a

predetermined range.

4. The method of claim 3, wherein one of the plurality of transformation curves s

configured to brighten one or more pixels in a region identified as a dark region.

9
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5. The method of claim 3, wherein one of the plurality of transformation curves is

configured to darken ouve or roore pixels in a region identified as a bright region.

6. The method of claim 3, wherein the plurality of transformation curves are configured
to only darken pixels in a region or only brighten pixels in a region.
7. The method of claim 3, wherein one of the plurality of transformation curves is

configured not to adjust brightness of pixels in a region.

8. The method of claim 1, wherein the transformation carve 1s applied to an unfiltered

verston of the region.

9. The method of claim 1, wherein the transformation curve is applied to a filtered
version of the region, wherein the igh frequency data rewoved from the digital image by the
low pass filtering is reincorporated into the adjusted image data following application of the

transformation curve.

10. The method of claim 9, wheremn the high frequency data 1s reincorporated via an

addition or multiplication operation.

11. The method of claimn 1, wherein a first plurality of regions of the digital image arc

brightened and wherein a second plurality of regions of the digital irvage are darkened such that

10
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a power level for displaying an unadjusted version of the digital image is substantially similar to

a power level for displaying an adjusted version of the digital image.

12, The method of claim 1, wherein an unadjusted version of the digital image is
associated with a first contrast range from darkest pixel o lightest pixel, wherein an adjusted
version of the digital image 15 associated with a sccond contrast range from darkest pixel to

lightest pixel, wherein the first contrast range is wider than the second contrast range.

13. The method of claim 1, wherein the transformation curve applied to the particular

14, The method of claim 1, wherein the particular region is one pixel in size.

15. A computer-implemented system for adjusting a digital irnage, comprising:

a computer-readable storage medium configured for storage of an unadpusted
digital image;

a low pass filter configured to filter the unadjusted digital image to generate
filtered image data;

a brightness identification module configured to identify a brightuess level of a
particular region of the digital image using the filtered image data;

a data processor configured to apply a transformation curve to the particular

region to gencrate adjusted image data for the particular region that has an adjusted brightness,

1
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the transformation curve being sclected based on the identified brightness of the particular
region; and

a computer-readable storage medium counfigured to store the adjusted image data.

16. The system of claim 15, wherein the transformation curve is configured to adjust a
brightness of cach pixcl in the particular region based on an unadjusted brightness of that pixel,

wherein an amount of adjostment is based on the unadjusted brightness of that pixel.

17. The system of claim 15, further comprising a computer-readable storage medium
confligurcd to store a sct containing 4 plarality of transformation curves, whercin the selected
transformation curve 18 chosen from the set of transformation curves, wherein a particular
transformation curve is selected as the selected transformation curve when the brightness level

falls within a predetermined range.

I8, The system of claimm 15, wherein the data processor is configured to apply the

transtformation curve to an unfiltered version of the region.

19, The system of claim 15, wherein the data processor is configured fo apply the
transformation curve to a filtered version of the region, wherein the high frequency data removed
from the digital image by the low pass filtering is reincorporated into the adjusted image data

following application of the transformation curve.

12
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20. The gystermn of claim 15, wherein an unadjusted version of the digital image is
associated with a first contrast range from darkest pixel to hightest pixel, wherein an adjusted
version of the digital image is associated with a secoud contrast range from darkest pixel to

lightest pixel, wherein the first contrast range is wider than the second contrast range.
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