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(57) ABSTRACT

A method of image enhancement in a video, comprises
acquiring a luminance statistics of an image; determining a
boosting curve according to a target brightness and a bright-
ness of the image; determining an enhancing curve accord-
ing to a saliency distribution of a pixel brightness derived
from the luminance statistics, to the target brightness and a
noise level of the image; blending the boosting curve and the
enhancing curve based on an enhance level to generate a
control curve; and enhancing the image based on the control
curve; wherein the control curve enhances the brightness
and a contrast of the image.
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METHOD AND COMPUTER SYSTEM OF
IMAGE ENHANCEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method and
computing system of image enhancement, and more par-
ticularly, to a method and computing system of image
enhancement capable of preserving more details for the
image by enhancing brightness and contrast of the image.

2. Description of the Prior Art

[0002] With the development of the technology, all kinds
of digital devices are provided. The demand of digital image
and video enhancement technology for the industry
increases. The image enhancement is to enhance quality,
global contrast, detail, color appearance and so on of the
image. In a conventional system, tone mapping and content-
based enhancement are methods to enhance the image,
wherein the tone mapping is a technique to render a new
LDR image that approximate the appearance of high-dy-
namic-range (HDR) images. The content-based enhance-
ment is a method to enhance details of the image based on
the scene analysis. However, the conventional tone mapping
and content-based enhancement are not easy to control its
resulting brightness, contrast and noise at the same time,
which magnifying existing differences or contrast of the
images in a video.

[0003] Therefore, how to solve the problems mentioned
above and provide a high quality image enhancement
method to preserve more details of the images in a video has
become an important topic.

SUMMARY OF THE INVENTION

[0004] Tt is therefore an object of the present invention to
provide a method and computer system capable of preserv-
ing more details of the images in a video with conducted
brightness and contrast, so as to improve the disadvantages
of the prior art.

[0005] An embodiment of the present invention discloses
a method of image enhancement in a video, comprising
acquiring a luminance statistics of an image; determining a
boosting curve according to a target brightness and a bright-
ness of the image; determining an enhancing curve accord-
ing to a saliency distribution of a pixel brightness derived
from the luminance statistics, to the target brightness and a
noise level of the image; blending the boosting curve and the
enhancing curve based on an enhance level to generate a
control curve; and enhancing the image based on the control
curve; wherein the control curve enhances the brightness
and a contrast of the image.

[0006] An embodiment of the present invention further
discloses a computer system, comprising a processing
device; and a memory device coupled to the processing
device, for storing a program code instructing the processing
device to perform a process of image enhancement in a
video, wherein the process comprises acquiring a luminance
statistics of an image; determining a boosting curve accord-
ing to a target brightness and a brightness of the image;
determining an enhancing curve according to a saliency
distribution of a pixel brightness derived from the luminance
statistics, to the target brightness and a noise level of the
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image; blending the boosting curve and the enhancing curve
based on an enhance level to generate a control curve; and
enhancing the image based on the control curve; wherein the
control curve enhances a brightness and a contrast of the
image.

[0007] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic diagram of an image
enhancement process according to an embodiment of the
present invention.

[0009] FIG. 2 is a schematic diagram of curves of power
functions according to an example of the present invention.
[0010] FIG. 3 is a schematic diagram of an equalized
luminance statistics according to an embodiment of the
present invention.

[0011] FIGS. 4A and 4B are schematic diagrams of the
luminance statistics with different y of an enhancing curve
according to an embodiment of the present invention.
[0012] FIG. 5 is a schematic diagram of a computer
system according to an example of the present invention.

DETAILED DESCRIPTION

[0013] Please refer to FIG. 1, which is a schematic dia-
gram of an image enhancement process 10 according to an
embodiment of the present invention. The image enhance-
ment process 10 includes the following steps:

[0014] Step 102: Start.

[0015] Step 104: Acquire a luminance statistics of an
image.

[0016] Step 106: Determine a boosting curve according to

a target brightness and a brightness of the image.

[0017] Step 108: Determine an enhancing curve according
to a saliency distribution of a pixel brightness derived from
the luminance statistics, to the target brightness and a noise
level of the image.

[0018] Step 110: Blend the boosting curve and the enhanc-
ing curve based on an enhance level to generate a control
curve.

[0019] Step 112: Enhance the image based on the control
curve.

[0020] Step 114: End.

[0021] According to the image enhance process 10, the

control curve is determined to be applied on the image, so
as to adjust the images in a video accordingly and enhance
quality of the images, such as a global contrast, details or
color appearance and so on, and thereby to preserve more
details for the images in the video. First, in step 104, the
luminance statistics of the image is acquired, wherein the
image may be obtained from one or more capturing devices.
In other words, the luminance statistics of the images for the
image enhancement process 10 may be obtained from dif-
ferent sources of capturing devices, and statistically counted
as the luminance statistics. In an embodiment, the luminance
statistics may be a luminance histogram of pixels in the
image, which determines how many pixels are within a
given luminance value range, and further, determines what
percentage such pixels represent in relative to the overall
number of pixels within the image.
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[0022] After a luminance statistics of the image is
acquired, in step 106, the boosting curve is determined
according to the relationship between the target brightness
and the brightness of the image. The boosting curve is
determined by a power function, and the brightness of the
image is related to an intensity of pixels of the image.
Notably, the boosting curve may be determined by other
kinds of functions and not limited to the power function, and
the target brightness may be determined by computer system
or users. For example, the boosting curve may be a set of
linear curves with different slopes. In an embodiment, the
boosting curve is derived by equation (1):

f® e, i), ..., fulol (&
fi=x"Nie{0,1 ..., 00} x€[0,1]

min I — target brightness
i Zp] FU(p)) - target brig

[0023] Inequation (1), p denotes the pixel of the image, x
denotes the brightness of each pixel of the image, which is
in a range of 0 to 1, I(p) denotes the intensity of the pixel,
and f(x) denotes a set of the power functions of x. With the
predetermined target brightness, the equation (1) determines
the power function from the set of f(x), which minimizes a
sum of differences between the intensity of the pixel and the
target brightness, meaning that each pixel is closest to the
target brightness. Therefore, the boosting curse enhances the
image in the brightness if the brightness of the image is too
dark or too bright.

[0024] In an embodiment, please refer to FIG. 2, which is
a schematic diagram of curves of the power functions f(x)
according to an example of the present invention. As shown
in FIG. 2, each of the curves represents one of the power
functions, and the boosting curve is determined by finding
the power function, which minimizes the sum of the differ-
ences between the intensity of the pixel and the target
brightness. As can be seen from FIG. 2, a dotted line is the
curve of the power function when i/N is 0.5, which converts
an input value of the luminance statistics into an output
value of the luminance statistics. Similarly, other curves
with different values of i/N of the power functions may be
applied to convert the luminance statistics accordingly, so as
to boost the brightness of the image. Noticeably, the boost-
ing curve may be different when the target brightness varies,
and the boosting curve is determined to boost the brightness
of the image based on the target brightness.

[0025] Next, in step 108, the enhancing curve is deter-
mined according to the saliency distribution of the pixel
brightness derived from the luminance statistics, to the target
brightness and the noise level of the image. In detail, the
saliency distribution of a pixel brightness of the image is
derived from a power function of a luminance histogram of
the image and a target noise, wherein the luminance histo-
gram is related to the luminance statistics and is equalized or
weighted for deriving the saliency histogram. In an embodi-
ment, when the image is an 8-bit three-channel RGB image,
each channel has 256 brightness values ranging from 0 to
255. The distribution of the luminance statistics of the image
is equalized or weighted, such that the brightness of image
is equalized or weighted.
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[0026] Please continue to refer to FIG. 3, which is a
schematic diagram of the equalized luminance statistics
according to an embodiment of the present invention. In
FIG. 3, a dotted line represents a reference line, a triangle
line represents the luminance statistics before equalized, and
a cross line represents the equalized luminance statistics.
After the equalization of the luminance statistics, in a range
of 64 to 128 of SRGB values, the luminance statistics is
equalized, so as to achieve better contrast and brightness of
the image.

[0027] Then, the luminance statistics is further utilized for
calculating the saliency distribution of a pixel brightness
based on the luminance statistics. The saliency distribution
may be further utilized for generating a histogram equaliza-
tion curve, which may be a modification to the enhancing
curve according to the target brightness and the noise level
of the image, so as to enhance the contrast of the image. In
an embodiment, the saliency distribution is related to a size
of pixel groups, wherein each pixel group contains pixels
with similar intensity of the image. More specifically, the
saliency distribution of the image shows each pixel’s unique
quality in segmentation of the image. For example, if one of
the pixels locates at a large and dark area in the image, the
pixel’s quality will show in an obvious way after the
saliency of the luminance statistics of the image is derived.

[0028] In an embodiment, the saliency distribution of the
image is derived from a power function of the probability
density function of the luminance statistics of the image and
the target noise. Equation (2) is utilized for calculating the
saliency distribution of the intensity corresponding to each
pixel:

P = Prmin 2)

Pmax = Pmin

PO = P )y =5 ie0,255]

where y € [0, 1], € = g(Pmax» target noise)

[0029] In the equation (2), y denotes an exponential power
ranging from O to 1, & denotes an offset function related to
the target noise and a probability of a maximal brightness
value of the luminance statistics and p(i) denotes the enhanc-
ing curve of the equalized luminance statistics correspond-
ing to the probabilities of the SRGB value. In an embodi-
ment, the function of € is to eliminate effects caused by
dominant noises, and is related to the probability of the
maximal SRGB value of the luminance statistics and the
target noise, wherein the target noise may be determined by
the computer system or the users. y of p(i) distributes the
intensity of pixels in each segment of the luminance statis-
tics. Please refer to FIGS. 4A and 4B for examples, which
are schematic diagrams of the luminance statistics with
different y of the enhancing curve according to an embodi-
ment of the present invention. As shown in FIG. 4A, when
v=1, a triangle line is the pdf of the luminance statistics
before applying the saliency distribution to the intensity
corresponding to each SRGB value, and a cross line is the
pdf of the luminance statistics after the saliency distribution
to the intensity corresponding to each SRGB value is
applied. Notably, when y=1 and =0, p(i) can be seen as p(i);
therefore, the enhancing curve is almost the same after the
saliency with y=1 is calculated. In this situation, the distri-
bution of the luminance statistics of the image almost
remains the same.



US 2019/0362475 Al

[0030] On the other hand, when y=0.25, the triangle line is
the pdf of the luminance statistics before applying the
saliency distribution to the intensity corresponding to each
pixel, and the cross line is the pdf of the luminance statistics
after the saliency distribution to the intensity corresponding
to each pixel is applied. As can be seen, the probability of
luminance statistics corresponding to the SRGB values
between 16 and 48 is properly distributed accordingly,
which increases the contrast of image and refines more
details for the image. Therefore, the enhancing curve applied
with the saliency distribution of each segment according to
the target noise and the weighted luminance statistics may
improve the distribution of the pdf of the luminance statis-
tics and reallocate the contrast of the image. As such, the
image applied with the image enhancement process 10 of the
present invention nay provide smoother image in contrast
and brightness by controlling the noise and the contrast of
the images.

[0031] After determining the enhancing curve by the
weighted histogram and applying the saliency distribution to
the intensity of each pixel, in step 110, the embodiment
blends the boosting curve and the enhancing curve based on
the enhance level to generate the control curve. The enhance
level may be determined by the computer system or the
users. In an embodiment, the enhancing curve and the
boosting curve are weighted based on the enhance level,
wherein the enhance level is related to a result of a scene
analysis referring to at least one of the luminance statistics
and an image tone. More specifically, equation (3) is utilized
for determining the blending of the boosting curve and the
enhancing curve based on the enhance level.

EW=oflx)+(1-a)px),
a=tone enhancement level 3)

[0032] In equation (3), x denotes the brightness of each
pixel of the image, f(x) denotes the boosting curve, p(x)
denotes the enhancing curve and a denotes the enhance
level, which is in a range of 0 to 1 and determined by a user
or system requirements. The blending of the boosting curve
and the enhancing curve generates the control curve accord-
ing to the enhance level and the control curve is be applied
on the image of the video to enhance the contrast and the
brightness of the image based on the enhance level, the
target noise and the target brightness.

[0033] Notably, the embodiments stated above illustrate
the concept of the present invention, those skilled in the art
may make proper modifications accordingly, and not limited
thereto. For example, the image is not limited to the 8-bit
three-channel RGB image, or the control curve may be
determined based on at least one of the enhance level, the
target noise and the target brightness, which belong to the
scope of the present invention.

[0034] In another embodiment, please refer to FIG. 5,
which is a schematic diagram of a computer system 50
according to an example of the present invention. The
computer system 50 may be utilized for realizing the image
enhancement method stated above, but is not limited herein.
The computer system 50 may include a processing means
500 such as a microprocessor or Application Specific Inte-
grated Circuit (ASIC), a storage unit 510 and a communi-
cation interfacing unit 520. The storage unit 510 may be any
data storage device that can store a program code 512,
accessed and executed by the processing means 500.
Examples of the storage unit 510 include but are not limited
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to a subscriber identity module (SIM), read-only memory
(ROM), flash memory, random-access memory (RAM),
CD-ROM/DVD-ROM, magnetic tape, hard disk and optical
data storage device.

[0035] In summary, the image enhancement method of the
present invention determines the control curve, which con-
tains the boosting curve to boost the image in the brightness
and the enhancing curve to improve the image in the
brightness and the contrast, and thereby preserving more
details for the image and improving quality of image for a
temporal smoothing.

[0036] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be
construed as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A method of image enhancement in a video, compris-
ing:

acquiring a luminance statistics of an image;

determining a boosting curve according to a target bright-

ness and a brightness of the image;

determining an enhancing curve according to a saliency

distribution of a pixel brightness derived from the
luminance statistics, to the target brightness and a noise
level of the image;

blending the boosting curve and the enhancing curve

based on an enhance level to generate a control curve;
and

enhancing the image based on the control curve;

wherein the control curve enhances the brightness and a

contrast of the image.

2. The method of claim 1, wherein the boosting curve is
determined by a power function.

3. The method of claim 1, wherein the brightness of the
image is related to an intensity of a plurality of pixels of the
image.

4. The method of claim 1, wherein the step of determining
the enhancing curve according to the saliency distribution of
the pixel brightness derived from the luminance statistics, to
the target brightness and the noise level comprises:

calculating the saliency distribution of the pixel bright-

ness based on the luminance statistics;

generating a histogram equalization curve according to

the saliency distribution; and

modifying the enhancing curve according to the target

brightness.

5. The method of claim 4, wherein the saliency distribu-
tion of the pixel brightness is related to a size of a plurality
of pixel groups, and each of the plurality of pixel groups
contains a plurality of pixels with similar intensity.

6. The method of claim 1, wherein the saliency distribu-
tion of the pixel brightness of the image is derived from a
power function of a luminance histogram of the image and
a target noise, wherein the luminance histogram is related to
the luminance statistics.

7. The method of claim 1, wherein the wherein the step of
blending the boosting curve and the enhancing curve based
on the enhance level to generate the control curve com-
prises:

weighting the enhancing curve and the boosting curve

based on the enhance level,
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wherein the enhance level is related to a result of a scene
analysis referring to at least one of the luminance
statistics and an image tone.

8. A computer system, comprising:

a processing device; and

a memory device coupled to the processing device, for

storing a program code instructing the processing

device to perform a process of image enhancement in

a video, wherein the process comprises:

acquiring a luminance statistics of an image;

determining a boosting curve according to a target
brightness and a brightness of the image;

determining an enhancing curve according to a saliency
distribution of a pixel brightness derived from the
luminance statistics, to the target brightness and a
noise level of the image;

blending the boosting curve and the enhancing curve
based on an enhance level to generate a control
curve; and

enhancing the image based on the control curve;

wherein the control curve enhances a brightness and a
contrast of the image.

9. The computer system of claim 8, wherein the boosting
curve is determined by a power function.

10. The computer system of claim 8, wherein the bright-
ness of the image is related to an intensity of a plurality of
pixels of the image.

11. The computer system of claim 8, wherein the step of
determining the enhancing curve according to the saliency
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distribution of the pixel brightness derived from the lumi-
nance statistics, to the target brightness and the noise level
comprises:

calculating the saliency distribution of the pixel bright-

ness based on the luminance statistics;

generating a histogram equalization curve according to

the saliency distribution; and

modifying the enhancing curve according to the target

brightness.

12. The computer system of claim 11, wherein the
saliency distribution of the pixel brightness is related to a
size of a plurality of pixel groups, and each of the plurality
of pixel groups contains a plurality of pixels with similar
intensity.

13. The computer system of claim 8, wherein the saliency
distribution of the pixel brightness of the image is derived
from a power function of a luminance histogram of the
image and a target noise, wherein the luminance histogram
is related to the luminance statistics.

14. The computer system of claim 8, wherein the wherein
the step of blending the boosting curve and the enhancing
curve based on the enhance level to generate the control
curve comprises:

weighting the enhancing curve and the boosting curve

based on the enhance level,

wherein the enhance level is related to a result of a scene

analysis referring to at least one of the luminance
statistics and an image tone.
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