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SYSTEM AND METHOD FOR DYNAMIC GAMMA CORRECTION IN DIGITAL

VIDEO

Technical Field of the Invention

The present invention relates generally to digital video processing, and more

particularly relates to image quality enhancement using dynamic gray scale correction of a

video luminance signal.

Background of the Invention

A gray scale value correction over specific regions of dynamic range per
image from image sequences called “Dynamic Gamma Correction” (DGC) is
normally carried-out on video luminance signal. This is a correction performed on
luminance signal in accordance with image characteristics thereof. This process
generally adjusts the gamma curve of the image over specific regions, thus
providing image feature details and contrast enhancement there by improving the
overall image quality.

Conventional techniques use either analog or digital dynamic gamma
correction (DGC) implementation techniques to perform this task on a frame-by-
frame basis. The analog DGC is implemented by modifying gamma reference
voltages of the liquid crystal digital (LCD) panel. The gamma reference voltages
are either generated by using digital-to-analog converter (DAC) devices or by using
analog memory.

Typically, the digital DGC implementations are performed either by using
piecewise linear (PWL) approximation or look-up table (LUT) techniques. In the
PWL method, transfer characteristic curve is piecewise linear approximated. Since
non-linear relationship exists between input and intensity response of the display
devices, a close approximation of PWL to non-linear characteristics is required.
Some of the limitations with the PWL method are that the transfer characteristic
curve can have segments with varying slopes and/or sharp transitions and can suffer
from visible image artifacts and the number of curve segments and bins in
histogram needs to be high for close approximation, which can lead to requiring

complex algorithm and more logic for implementation.

PCT/IN2007/000294
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In the LUT method, pre-computed characteristics curves are generally
stored in memory and depending on the input image characteristics one of the curve
values in the memory is selected and used. In this method, each curve data needs to
be stored separately and hence number of curves available to make the gamma
correction is limited by the memory size. Further, both these techniques require
switching characteristics curves on a per image basis. This can result in flicker if
curve changes are not adaptable to fast or slow moving image sequences.

For example, if incoming image scene characteristics are changing slowly,
at a certain point, curve switching can occur due to drastic differences in
histograms. This sudden change in curve will cause flicker in slowly moving
sequences. Note that though the image characteristics are changing slowly,
histograms might show a huge difference. However, this flicker may not occur with
fast changing scenes, as sudden curve change may not be as visible as in the slow
changing scenes. Typically, a histogram temporal filtering technique has been used
for curve changes to overcome the flicker problem in the fast or slow moving image
sequences. One difficulty with using such histogram temporal filtering is the
requirement of highly intensive computation of filter coefficients, which are
dependent on unpredictable rate of scene changes in fast or slow moving image

sequences.

Summary of the Invention

According to an aspect of the subject matter, there is provided a method for
dynamically applying gray scale correction on a frame-by-frame basis to an incoming
digital input video signal, comprising the steps of dynamically computing non-linear
gamma curves using histogram data extracted from a current video frame, and applying a
gray scale correction to each pixel in the current or next video frame as a function of the

computed non-linear gamma curves.
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Brief Description of the Drawings

Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying drawings in which:

FIG. 1 is a flowchart illustrating an algorithm for dynamically applying gray scale
correction on a frame-by-frame basis for an incoming digital input video signal according
to an embodiment of the present subject matter.

FIG. 2 is a diagram showing an example 8-bin histogram formed according to an
embodiment of the present subject matter.

FIG. 3 is an example graph showing application of non-linear dynamic gamma
curve modifications for dark correction.

FIG. 4 is an example graph showing application of non-linear dynamic gamma
curve modifications for bright correction.

FIG. § is an example graph showing application of non-linear dynamic gamma
curve modifications for dark and bright corrections.

FIG. 6 is an example graph showing application of non-linear dynamic gamma
curve modifications for contrast correction.

FIG. 7 is a block diagram of an apparatus used for implementing embodiments of

the present subject matter shown in FIG. 1.

Detailed Description of the Invention

In the following detailed description of the various embodiments of the invention,
reference is made to the accompanying drawings that form a part hereof, and in which are
shown by way of illustration specific embodiments in which the invention may be
practiced. These embodiments are described in sufficient detail to enable those skilled in
the art to practice the invention, and it is to be understood that other embodiments may be
utilized and that changes may be made without departing from the scope of the present
invention. The following detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the present invention is defined only by the appended claims.

The terms “image” and “video frame” are used interchangeably throughout the
document. Further, the term “image sequence” means video frames. Furthermore, the terms

“dynamic gamma correction” and “dynamic gray scale correction” are used
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interchangeably throughout the document. Also, the terms “luma” or “luminance” means
gray scale value.

FIG. 1 illustrates an example method 100 for image quality enhancement for a
digital video signal. At step110, this example method 100 begins by forming a histogram
having a predetermined number of bins using image luma (¥) pixel values in a current
video frame in an incoming digital video signal.

In some embodiments, the size of each bin in the histogram has substantially equal
divisions of full gray scale dynamic range in the current video frame. In these
embodiments, each video frame in the incoming digital input video signal has (m x n)
pixels. Further in these embodiments, the gray scale dynamic range is equally divided into
N different regions which are called bins, wherein N is an integer. The bin size and bin

range are computed using the below equations.

By =(Cop— Cgy) /N

BIN[i] = {(i-1)* B)}+Cg to {(i * B) — I}+Cy

Wherein B, is bin size, BIN/i] is bin range for i = 1 to N, and Cy, and C,,are
starting and ending points of the gray scale (¥) dynamic range. The gray scale dynamic
range between Cyp, and Cgppoints is considered for curve correction. In the example
histogram 200 shown in FIG. 2, the Cg, and Cpare 0 and 1023. However, this technique
can be applied using any values such that (Cep- Cyp) is an integer multiple of N, which are
considered as lowest and highest for a given gray scale dynamic range. By appropriately
configuring Cy, and Cy, to values other than 0 and 1023, desired curve correction can be

obtained in the intentional black and white fill areas of the image.

In forming the histogram, appropriate bin counters are incremented by a value
equivalent to resolution factor for every incoming valid pixel in the current video frame
that lies in the bin. This factor can be configured based on the resolution (m x » pixels) of
the incoming video frames in the digital input video signal. The resolution factor is

computed using the below equation.

Resolution factor = 1 / Active Resolution of the image
In these embodiments, for a 10-bit gray scale representation, the predetermined
number of bins is about § fo 1024 as shown in the histogram 200 in FIG. 2. Also in these

embodiments, for an 8-bit gray scale representation, the predetermined number of bins is
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about 8 to 256. The present technique generally requires forming about § bins and do not
justify the amount of additional logic needed for more than 8 bins in the histogram. In these
embodiments, the seven most significant bits of each bin counters are named as pyg4, pas,
PNG, PND, PNE> PNF, Pnc and parr . These are used for evaluating dark gamma value and bright
gamma value at the end of each video frame along with the vertical sync (Vyne).

As shown in FIG. 2, size of each bin 60 in the histogram 200 is based on an equal
division of full gray scale (¥) dynamic range of brightness (or the respective input gray
level for each pixel) as represented by the horizontal axis 220 (or the brightness axis). The
height of each bin 60 represents the proportion of pixels in the current video frame having
luminance intensities within the different predefined ranges for each respective bin. The
left region of the histogram 200 represents the darkest portions and the right region of the
histogram 200 represents the brightest portion of a video frame.

At step 120, each obtained bin value is normalized. In some embodiments, the bin
values are normalized using bin values in the range of 0 to / in steps of 0.0/. In some
embodiments, bin values are normalized by incrementing bin counters by appropriate
resolution factor as explained above.

At step 130, a dark gamma value and a bright gamma value is computed using
normalized bin values in each bin associated with the current video frame. In some
embodiments, normalized bin peak and sum values and dark, bright, and contrast
thresholds are obtained using each normalized bin value. Further in these embodiments, the
dark gamma value and the bright gamma value are computed using normalized bin peak
and sum values and dark, bright, and contrast thresholds associated with each normalized
bin value. In some embodiments, the dark gamma value and the bright gamma value are
computed using the equations shown in Table -1. This example algorithm determines the
amount of gamma to be applied as well as when to switch the curve. If none of the above
mentioned conditions are met for dark correction, bright correction, both dark/bright
correction and contrast enhancement, the image is considered to be of good quality and will

be bypassed for dynamic gray scale correction.
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1. Dark enhancement:

If (Pnat+Pus+Pre > Thy)
Pky = peak (pna, Pug; Puc); - find peak value of the bins

Sumgp, = sum (Pua, Pns, Pe); - find sum of the bins

vq¢ = Gamma dark =1- Pkq* (Sumg, - Thy)

Thy
Y» = Gamma bright =1
2, Bright enhancement (if 1 is false):
If (Pnr + PrG *+ Pn > Thy)
Pk, = peak (Pnr, Pngs PNH); - find peak value of the bins
Sumpp = sum (Pxr, Py PNH); - find sum of the bins

Ya = Gamma dark =1

Yo = Gamma bright =1 - Pk * (Sumy, - Thy)
Thy

3. Both bright and dark enhancement (if 1 and 2 are false):
If (Pna*Prg*+Prc > Thy and pye + Pre + Paw > Thy)
Pky = peak (pna, Pnss Pre); -> find peak value of the bins
Pky, = peak {pxe, Pres PrH); -> find peak value of the bins
Sumgp = sum {(Pna, Pres PrC); = find sum of the bins
Sumpy, = sum (Pnr, Pnes PhH); - find sum of the bins
Y4 = Gamma dark =1- Pkq* (Sumg, - Thy)
Th,
Yp = Gamma bright = 1 - Pk, * (Sumyy, - Th,)
Thy

4, Contrast enhancement (if 1, 2 and 3 are false):
If (pxp > Thy and pye > Thy)

Pky = Py - value of pyp

Pky = Pig; > value of pye

Sumgp, = Prp; - value of pyp

Sumpp, = Pre; - value of pye

Ya = Gamma dark =1+ Pkg* (Sumg, - Thy)
Th,

Yb = Gamma bright = 1 + Pky * (Sumyy, - Thy)
Th,

5. Bypass the data with yq=1 and yp=1 if all of 1, 2, 3 and 4 conditions are false

Table 1
5 Wherein y4 and vy are dark gamma value and bright gamma value, respectively.
In the example algorithm shown in Table 1, the entire gray scale dynamic range has

been equally divided into two regions, which are referred to as dark and bright regions. The
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first 75% of the dark region bins (pny, pas and pyc) are considered for dark correction and
last 75% of the bright region bins (pnm, pxc and pwr) are considered for bright correction.
Whereas both the dark and bright region bins (pns, pws, pnc and pwyw, pnc, pnr) are
considered for both dark/bright correction. The remaining mid-tone bins (pyp and pyg) are

considered for contrast enhancement.

As shown in the example algorithm in Table 1, the two threshold values Th; (only
dark or bright threshold) and Th; (both dark/bright and contrast threshold) are used for
deciding type and nature of the curve to be used for gray scale correction. In these
embodiments, only dark or only bright threshold is said to be met if more than 50% of
pixels are lying in either dark correction or bright correction regions, thus 74; is set to
about 0.5 and correspondingly 7% is set to about 0.75*Th;. The Th; and Th; can also be
configured for other threshold values.

In these embodiments, either for dark or bright region correction, the computed
gamma values are dependent on three factors namely peak, sum of bins under consideration
and the threshold values. The normalized bins peak value will determine the strength of
gamma to be applied. If the peak value is more, the strength of gamma will be more and
vice versa. Whereas sum of the normalized bins and threshold values determine
incremental change in gamma to be applied based on scene changes. The amount of sum of
normalized bins deviation from threshold value controls the strength of gamma already
determined by the peak value. If the deviation from sum of normalized bins to threshold is
more, a higher factor of strength of gamma determined by peak is applied and vice versa.
This assures the gray scale correction applied to be truly adaptive to scene changes without
depending on any previous histogram’s data. Further if desired, the strength of gamma can
be made configurable by introducing another multiplication term K (e.g. range can be from
0.1 to 1.0) to the peak value in the gamma equations.

In these embodiments, if the incoming image scene characteristics are changing
slowly, at a certain point in the input digital video signal, curve switching happens due to
the cross-over of threshold values. The above described approach solves flicker problem to
significant extent due to adaptive nature of strength of gamma. Further in the above
described technique, for slow change in image characteristics, the gamma change applied is

also small in-spite of huge difference in histograms of consecutive images in the image
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sequences. With these slow changing images, whenever threshold cross-over happens,
curve will be switched. But the curve change automatically happens in small steps as
images are moving slowly. This will virtually eliminate flicker with slow moving images.
Also, this technique ensures that for large change in image characteristics, the curve change
is fast and there by truly adaptive.

At step 140, a dark curve convergence value (¥ and a bright curve convergence
value (¥}) is computed using the gray scale dynamic range start and end points Cg, and Cp,
respectively. The computed parameter ¥, refers to end-point of dark region curve
correction and the computed parameter Y; refers to start-point of bright region curve
correction. In some embodiments, the nature of curve correction to be applied is based on
various computed parameters, such as ¥y, Y3, ysand y;, based on below equation and the

decision making algorithm shown in Table -1.
Yaand Y, point = (Cgp - Cyp)/2

However in these embodiments, the convergence points Y, and ¥} can also be
configured to have other values, such that Y;>C, ¥,<C,, and Yy < Y, for controlling the
amount of gray scale correction curve stretch. The curve convergence parameters Y, and ¥
can be configured to different values and not necessary to be the same value..

At step 150, a gray scale value associated with each pixel in the current or next
video frame in the incoming digital input video signal is compared to the computed dark
curve convergence value and the bright curve convergence value to determine whether to
apply dark or bright region correction.

At step 160, a gray scale value correction is applied to each pixel in the current or
next video frame using the dark gamma value and the bright gamma value computed in
step 130 and based on the outcome of the comparison at step 150.. In these embodiments, if
gray scale pixel value < Y, then a dark gamma curve correction is applied as shown in FIG.
3, if the gray scale pixel value > ¥}, then a bright gamma curve correction is applied as
shown in FIG. 4. The FIG. 5 and FIG. 6 show example application processes of dark and
bright gamma curve corrections together and application of contrast gamma curve
correction, respectively. In FIGS. 3-6, the horizontal axis represents the brightness axis and
the vertical axis shows the correction quantity. The example non-linear dynamic gamma

curve modification graphs shown in FIGS. 3 to 6 are represented by following equations



WO 2008/010236 PCT/IN2007/000294

for a 10-bit gray scale representation:Yoq = Yin {Dark region equation. . . . For

Yin € 0to Cgp}
Yoa = Cyp+ POW {2, Xy~ [ya * (Xa- logs(Yin - Csp))J}
{Dark region equation. . . . For Y, € Cgp to Yy}
Yoo = Yor="Yu {ForY;,, €Y;to Y3}
Yoo = Cop—POW {2, Xy - [ys * (X - logz (Cop- Yir))]}
{Bright region equation. . . For Y, € Yy to Cep}

Yoo = Yi {Bright region equation. . . For Yy, € Cgp to 1023}

Wherein, Y;, is an input gray scale value, Y, and ¥; are points of curve convergence,
Csp and C,, are dynamic range start and end points, Yq ana Vo are dark and bright gamma
values, X is dark stretch parameter chosen such that (Yy - Cy,) = POW {2, X4}, Xy is bright
stretch parameter chosen such that (C,, - Y3) = POW {2, X3}, Y,a is a corrected gray scale
output for the dark region, and Y,; is a corrected gray scale output for the bright region, and

POW is a power function.

The above Y, equation applies for dark correction, both dark/bright and contrast
corrections within the specified Y3, limits. Similarly, ¥, equation applies for bright
correction, both dark/bright and contrast corrections within the specified Y;, limits. In these
embodiments, Xy and X; are configured along with ¥, and Y}, based on the above specified
equations for controlling the amount of gray scale correction curve stretch.

At step 170, the method 100 checks whether there is another video frame in the
incoming digital input video signal that needs the gray scale correction. Based on the
determination at step 170, the method goes to step 110 if there is another video frame in the
digital input video signal that needs DGC, otherwise the method goes to step 180 and ends
the application of the DGC operation. | 4

Although the flowchart 100 includes steps 110-180 that are arranged serially in the
exemplary embodiments, other embodiments of the subject matter may execute two or

more steps in parallel, using multiple processors or a single processor organized as two or
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more virtual machines or sub-processors. Moreover, still other embodiments may
implement the steps as two or more specific interconnected hardware modules with related
control and data signals communicated between and through the modules, or as portions of
an application-specific integrated circuit. Thus, the exemplary process flow diagrams are
applicable to software, firmware, and/or hardware implementations.

Referring now to FIG. 7, there is illustrated an apparatus 700 for applying DGC
according to embodiment of the present invention. As shown in FIG. 7, the apparatus
includes a histogram extractor 710, a gamma decision module 720 coupled to the histogram
extractor 710, a comparator 730 coupled to the gamma decision module 720, and a curve
correction module 740 coupled to the comparator 730. As shown in FIG. 7, the histogram
extractor receives the digital input video signal (Y;,) including a sequence of video frames.
In these embodiments, each video frame in the digital input video signal includes (m x #)
pixels. Further as shown in FIG. 7, the gamma decision module and histogram extractor
receives the Ve info. Also as shown in FIG. 7, the comparator 730 receives the Y;,. In
addition as shown in FIG. 7, the apparatus 700 receives configuration info, such as image
resolution factor, 8 or 10 bit pixel gray scale value, gamma strength multiplication factor,
curve convergence points, thresholds and both dark and bright stretch parameters. The
configuration of gamma strength multiplication factor, curve convergence points, thresholds
and both the dark and bright stretch parameters are optional. Furthermore as shown in
FIG.7, the curve correction module 740 includes a log,-ROM (read-only memory) 750, a
first subtractor (S7), a multiplier (M), a second subtractor (S2), 2 Fraction-ROM 760, and
shift and add operation block 770.

In operation, the histogram extractor 710 receives a sequence of fames from an
incoming digital input video signal (¥3,) as shown in FIG. 7. The histogram extractor 710
then extracts histogram information from a current video frame and forms a histogram. The
formed histogram includes a predetermined number of bins that are formed based on image
luminance pixel values associated with the (7 x #) pixels in the current video frame.

The gamma decision module 720 then computes a non-linear gamma curve using the
histogram information associated with the current video frame received from the histogram
extractor 710. In these embodiments, the gamma decision module 720 computes a dark
gamma value and a bright gamma value using normalized bin values in each bin in the

histogram. Further, the gamma decision module 720 computes a dark curve convergence
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value and a bright curve convergence value using gray scale dynamic range start and end
points.

The comparator 730 then compares gray scale value associated with each pixel in the
current or next video frame in the Y}, to the computed dark curve convergence value and the
bright curve convergence value and outputs appropriate gamma y (y;0r y;) and X (X; or X;)
to be applied on every pixel to the curve correction module.

The curve correction module 740, then applies the gray scale correction to each pixel
in the current or next video frame using the computed dark gamma value and the bright
gamma value as a function of the comparison. In some embodiments, the curve correction

module applies the gamma curve correction using the following steps:

1) The log,-ROM is a ROM that stores the log, values for entire dynamic range, which is
of size 1024 X 12 bits. The value of (¥;-Cg) or (Cp-Yi) is used as address of this ROM
depending on dark or bright region correction, respectively. The 72-bit in log,-ROM is
representation of the values for integer and fraction parts (4 bits for integer and &8 bits for
the fraction). The total memory requirement for the log,-ROM table is /536 bytes. The
example log,-ROM addresses, decimal equivalent of addresses, log, values of the addresses

and log,-ROM entries are as shown in below Table -2.
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12
(Yin — Csp) OR (Cep ~Yin) Decimal Decimal Log,-ROM Entries (12 bit)
Log.-ROM Address (10 bit) equivalent value of
of Log,- Log.a
ROM
Address
_(a)
gjojojofojojofofoln1 110.000000000(0|0|0{0|0|0(0[{0]|0OlO[O]0O
0;j0|0)|]0[0]0]|0O]JO0[1]0O 2]1.000000000j0]0|0f1]0]0]J0|0Of0j010]O
0]0}]0]0[0|0]|0jO0)11 311584962501 |0 /001 (1110]0[1]0]1]0]1
0|0|0|0}l0O]0]lO0O]1]0]0 41 2000000000|0l011[O0lO|Ol0{O[0O]lO]0}0O
0j0j0j0|0j0j0[1]0]1 512321928095 |00 ]1|]0j0]1]0]1(0j011]0
0j0|0]0|0]J0|0O]1]1]0 612584962501 10(0[1]0]1]06]0]|1]0]1]0]1
o0j|o0loloj0jl0lO(11111 712807354922 100 (1lo(111jojo0l1i141l0
0]0Jj0j0j0j0j1]0fl0]0 8 ]3.000000000)]0|0}j1|1]0|0]|0|{0O]|0O]0O}O]O
0]0)J0|0]0]J011]|0]0]1 913169925001 |0 |O|1[1]0j0j1]0]1[0O]1]1
0{oj{of{0|0]0O0j1]011]0 10 | 3.321928095 (00 |1t1l0j1j0l1{0(0]1{0
1]1(1f1]1]1]0]1]1]0 1014 | 9985841937 |1 (0|01 {1|1]1][1/1]1]0]0
111ttt 1lol13111 1015 | 9.987264012{1j0{0j1]1{1(1({1}1{110}]0
11111111 /1]11]0]0]0 1016 | 9.088684687 | 1 | 0O |1 [1 (1111 ]1]1]0]1
11111 [(111]1]1]0]0]1 1017 1 9990103964 | 1|0 O |1 |1 [111]1(1[1]0]1
1111 i1111111401110 1018 | 9991521846 |10 O 1131111111111 011
111 (11111110111 1019 [ 9992938336 (1|0 [0 |1 1j1 (1| 1]1(1]1]0
111 {1 (1]111]1]140]0 1020 | 9.994353437 (1400 |1 [1]141i1]1]1]1]0
1411111117 147110141 1021 19995767151 11100141 (111111111 (1]0
110101 ]1]1]111111]0 1022 |1 9.997179481 |1 |0 lO |1 {1 [1]1[1{1]|1(1]1
111111111311 1]1 1023 1 9.998590430 |1 |0 O |1 1{1[1[1{1[111]1
Table 2
2) The log;-ROM output is subtracted by the subtractor S7 from the value of X (4 bits
5  for integer and & bits for fraction) which gives out a 72 bit result.
3) The multiplier M then multiplies 6 bit (I bit integer and 5 bits fractional part)
gamma value (y) and 12 bit (4 bit for integer and & bit for fraction) output of subtractor S/
and outputs an /8 bit result (5 bits for integer and /3 bits for fraction).
4) The multiplier M output is then subtracted by subtractor S2 from the value of X and
10 outputs an I8 bit magnitude (5 bits for integer and 13 bits for fraction) and a sign bit.

Among the 18 bits of the subtractor S2 output, 7 MSB bits of the fractional part ([12:6]) are
outputted to the 2* Fraction-ROM without any modification if the sign bit is 0, else the
value is subtracted from /.0 if the sign bit is 7 and the resultant value is used as address of

the 2* Fraction-ROM.. This operation is performed to reduce the size of the 2* Fraction-
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ROM, by avoiding need for negative values (i.e., 2 values) storage. The 5 MSB bits
[17:13] of subtractor S2 output are passed to the shift and add block along with the sign bit.
5) The 2* Fraction-ROM translates the said address to 10-bit 2* value, which is of size
128 x 10 bits. Hence, the total memory requirement for the 2* table is 160 bytes. First and
last few addresses, decimal equivalent of addresses, 2" values of the addresses and 2

Fraction-ROM entries are as shown in Table -3.

2* Fraction-ROM Entries
(10 bit)

Decimal 2° Value

equivalent of

2* Fraction-ROM
Address (7 bit)

2* Fraction-
ROM
Address (b)

0.0000000000

1.0000000000

0.0078125000

1.0054299011

0.0156250000

1.0108892861

0.0234375000

1.0163783149

0.0312500000

1.0218971487

0.0390625000

1.0274459491

0.0468750000

1.0330248790

0.0546875000

1.0386341020

0.0625000000

1.0442737824
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olojlolojo|jloO OO |O

ool |o|O OO

~almlololololOo OO IO

ololaijaialalojololo

QIO In|R|[OI0|=m |~ |O|O

S ol ES el P el IS o N o]

0.0703125000

1.0499440858

olololojlolo o OO (o

OO I0OIDI0I0|IOIO|0 |0

oiojo|lolocio O | |O

ool oI0|O (OO

B N N Eal (=X [ X [l [e ] [a ] [n/

RS ol (ol [a) PEy pEwy B fol [o ) o]

Ol=ioloil0O|lO =0 |O

Ol= OO0~ 0O

DO DI || |00

Alalala|loloOo]l- ]~ ]|O

0.9218750000

1.8945759816

0.9296875000

1.9048633418

0.9375000000

1.9152065614

0.9453125000

1.9256059436

0.9531250000

1.9360617935

0.9609375000

1.9465744176

0.9687500000

1.9571441242

0.9765625000

1.9677712232

0.9843750000

1.9784560264

R PER DU U\ K DI W I\ VS N UK N PR NN B

UL U W P IS Wy UK\ DIE U DU Uy R U pOS M

PR NG [P W U DU Q) QUK PG PN [ N DUR N RN

Al lalaAalalaiaio ol

A IA A=A IOICOID|IC |~

P P (ol [N N PR Fen B Fao J) PNy PR b

A IO |0 I=|Ol=>]0}

0.9921875000

1.9891988470
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A lalalalalOoOIQCI0I1010 10

ARO[ || O=]|—]|

Olalalo[alalolwlalo!lr
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olor O IO
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Table 3

6) The shift and add operation block 770 receives 5 MSB bits of the subtractor .52
output along with sign bit and shifts the 2 Fraction-ROM output right if the sign bit is I or
left if the sign bit is 0. The 2" Fraction-ROM output is shifted left or right by the number of
bits which is decimal equivalent of the received 5 MSB bits.
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7 The final output is then obtained by applying one of the two below equations, i.e.,
the Yos equation is applied to dark region pixels and the Y, equation is applied to bright

region pixels.
Y. od= Y, oct Csp
Yob = Cep -7, oc

wherein, Y, is an output from the curve correction module 740, In some
embodiments, the 70 bit Y, or ¥, output is the final dynamic gamma corrected gray scale
value. The total memory requirement shown in the above example design for log,-ROM
750 and 2" Fraction-ROM 760 is about 1696 bytes. This is even less than the memory
required for storing just 2 pre-computed correction curves in LUT methods, which requires
2560 bytes (gray scale dynamic range*number of bits per pixel luma value*number of
curves/8 = 1024*10*2/8).

In some embodiments, the gamma output value from the gamma decision module

720 is represented by 6 bits (I bit integer and 5 bits fractional part). This results in 256
possible number correction curves (i.e., 64 curves each for 4 enhancement types) for a
given set of ¥, and Y;, which can be used for dynamic switching between video frames
with just 1696 bytes of memory. This memory required is considerably less than what is
required for LUT method to store the 256 pre-computed curves, which can be about
327680 bytes (number of different curves*gray scale dynamic range*number of bits per
pixel luma value/8 = 256*1024*10/8) of memory for each set of ¥ and Y, values. In
addition to this, the LUT method can require additional /280 bytes (gray scale dynamic
range *number of bits per pixel luma value/8 = 1024*10/8) of memory to load and use one
of the pre-computed correction curves.

The operation of the apparatus 700 is explained in more detail with reference to
FIGS. 1-6.

The above-described technique enhances image feature details and contrast without
introducing any image artifacts, by keeping the transfer characteristics curve smooth
(without having any sharp transitions). Further, the above technique enhances image feature

details and contrast using a significantly lower number of histogram bins, thereby reducing
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the hardware complexity. Furthermore, the above technique requires memory less than that
of necessary for storing even just two pre-computed correction curves in LUT method, and
hence significantly reduces the memory requirement. The above technique is not restricted
by memory size as it only requires storage equivalent to less than that of just two pre-
computed correction curves. The above technique virtually eliminates flicker by applying an
adaptive gamma value manipulation algorithm as described above. The curve switching
decision in the above described technique is based on histogram normalized bin values and
thresholds. The above technique applies the gray scale correction in real time as needed for
High Definition (HD) frame resolutions with either 8 or 70 bit representation of gray scale
values with just about seven pixel clock cycles latency. The above dynamic gamma
controller can be easily integrated into a video post processing Application specific
integrated circuits (ASIC), without requiring any additional Analog/Mixed signal devices.
The above technique achieves gray scale correction deviation within 1% of the theoretical
non-linear gamma curve values. This deviation can be further reduced by increasing the size
of ROMs.

Although the above DGC application technique is explained with reference to a
sequence of images received from an incoming digital input video signal, the above
described DGC technique can be applied to still images as well.

The above technique can be implemented using an apparatus controlled by a
processor where the processor is provided with instructions in the form of a computer
program constituting an aspect of the above technique. Such a computer program may be
stored in storage medium as computer readable instructions so that the storage medium
constitutes a further aspect of the present subject matter.

The above description is intended to be illustrative, and not restrictive. Many other
embodiments will be apparent to those skilled in the art. The scope of the subject matter
should therefore be determined by the appended claims, along with the full scope of
equivalents to which such claims are entitled.

As shown herein, the present subject matter can be implemented in a number of
different embodiments, including various methods, a circuit, an I/O device, a system, and an
article comprising a machine-accessible medium having associated instructions.

Other embodiments will be readily apparent to those of ordinary skill in the art. The

elements, algorithms, and sequence of operations can all be varied to suit particular
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requirements. The operations described-above with respect to the method illustrated in FIG.
1 can be performed in a different order from those shown and described herein.

FIGS. 1-7 are merely representational and are not drawn to scale. Certain proportions
thereof may be exaggerated, while others may be minimized. FIGS. 1-7 illustrate various
embodiments of the subject matter that can be understood and appropriately carried out by
those of ordinary skill in the art.

In the foregoing detailed description of the embodiments of the invention, various
features are grouped together in a single embodiment for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting an intention that
the claimed embodiments of the invention require more features than are expressly recited in
each claim. Rather, as the following claims reflect, inventive invention lies in less than all
features of a single disclosed embodiment. Thus the following claims are hereby
incorporated into the detailed description of the embodiments of the invention, with each

claim standing on its own as a separate preferred embodiment.
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CLAIMS

L. A method for dynamically applying gray scale correction on a frame-by-frame
basis to an incoming digital input video signal, wherein each video frame has (m x n)
pixels comprising:

dynamically computing non-linear gamma curves using histogram data extracted
from a current video frame; and

applying the gray scale correction to each pixel in the current or next video frame

as a function of the computed non-linear gamma curves.

2. The method of claim 1, wherein dynamically computing the non-linear gamma
curves using the histogram data extracted from the current video frame comprises:
forming the histogram having a predetermined number of bins as a function of

image gray scale pixel values for a current video frame.

3. The method of claim 2, wherein, in forming the histogram, size of each bin in the

histogram has equal divisions of full gray scale dynamic range in the current video frame.

4, The method of claim 2, wherein, in forming the histogram, for 8-bit gray scale
representation the predetermined number of bins is about & to 256 and for 10-bit gray

scale representation the predetermined number of bins is about 8 to 1024.

5. The method of claim 2, wherein applying the gray scale correction to each pixel
in the current or next video frame comprises:

computing a dark gamma value and a bright gamma value using bin values in
each bin;

computing a dark curve convergence value and a bright curve convergence value
using gray scale dynamic range start and end points;

comparing gray scale value of each pixel in the current or next video frame to the

computed dark curve convergence value and the bright curve convergence value; and
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applying the gray scale value correction to each pixel in the current or next video
frame using the computed dark gamma value and the bright gamma value as a function of

the comparison.

6. The method of claim 5, further comprising:

normalizing each bin value in the formed histogram, and wherein each bin value
comprises an associated number of pixels;

obtaining normalized bin peak and sum values and dark, bright, and contrast
thresholds from each normalized bin value; and

computing the dark gamma value and the bright gamma value using normalized
bin peak and sum values and dark, bright, and contrast thresholds associated with each

normalized bin value.

7. The method of claim 5, further comprising:

determining whether there is another video frame in the digital input video signal
that requires applying the dynamic gray scale correction; and

if so, then repeating the steps of dynamically computing and applying the gray

scale correction.

8. An apparatus for dynamically applying gray scale correction on a frame-by-frame
basis to an incoming digital video signal, wherein each video frame has (m x n) pixels
comprising:

a gamma decision module dynamically computes a non-linear gamma curve using
histogram information associated with a current video frame; and

a curve correction module coupled to the gamma decision module dynamically
applies the gray scale correction to each pixel in the current or next video frame as a

function of the computed non-linear gamma curve.

9. The apparatus of claim 8, further comprising:
a histogram extractor coupled to the gamma decision module, wherein the

histogram extractor extracts histogram information from the current video frame and
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forms a histogram having a predetermined number of bins as a function of image
luminance pixel values in the current video frame, and

wherein the gamma decision module computes a dark gamma value and a bright
gamma value using each normalized bin peak and sum values and dark, bright and
contrast thresholds, wherein the gamma decision module further computes a dark curve
convergence value and a bright curve convergence value using gray scale dynamic range

start and end points.

10.  The apparatus of claim 9, wherein the gray scale dynamic range start and end points
are configurable by gray scale dynamic range start and end points to provide gray scale

correction in a predetermined dynamic range.

11.  The apparatus of claim 9, further comprising:

a comparator coupled to the gamma decision module compares gray scale value
of each pixel in the current or next video frame to the computed dark curve convergence
value and the bright curve convergence value, and wherein the curve correction module
applies the gray scale correction to each pixel in the current or next video frame using the
computed dark gamma value and the bright gamma value as a function of the

comparison.

12.  The apparatus of claim 9, wherein each bin in the histogram has equal divisions of

full gray scale dynamic range in the current video frame.

13.  The apparatus of claim 9, wherein the predetermined number of bins is about § fo

1024 for 10-bit gray scale representation.
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