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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to image processing, and more particularly to a method of processing
an image to be displayed in a liquid crystal display (LCD) with color shift free and an image signal processing system
of implementing the same.

BACKGROUND OF THE INVENTION

[0002] An LCD is a passive display device and usually requires a backlight source to provide light for displaying an
image thereon. The contrast ratio of an LCD is determined by the transmittance of the LCD. Usually, an input image to
be displayed is processed to obtain the details of the input image first. Then, the brightness of the backlight source is
adjusted according to the details of the input image such that the difference of two adjacent gray levels is enlarged and
the image contrast is thus enhanced, so the display quality of images is improved.

[0003] In order to increase the contrast of an input image, conventionally, the input grey level values GL, of all colors
of the image is multiplied by a dimming ratio (DR) so as to obtain output grey level values GLq 1 of the image that are
larger that the input grey level values GL  of the image. For example, as shown in Fig. 5, DR = 1.78. If the input grey
level values GL,y 510 for red, green and blue colors are 60, 100 and 30, respectively, the output grey level values GLq 1
520 for red, green and blue colors are 106, 178 and 53, respectively, as shown in Fig. 5(a). Accordingly, the contrast of
the image increases. However, problems may occur in the high grey levels. As shown in Fig. 5(b), if the input grey level
values GLy 510 for red, green and blue colors are 240, 100 and 30, respectively, the output grey level values GLqyt
520 for red, green and blue colors are 427, 178 and 53, respectively. Obviously, the red color is overflowed since the
highest grey level in an 8-bit image is about 255. Generally, any input grey level larger then GL, would be overflowed
after this transformation. Accordingly, different levels of brightness in the image or the colors previously distinguishable
can no longer be distinguished in the original levels of brightness or color deviations after the image or the colors are
adjusted to full brightness, causing the phenomena of overflow of the saturated gray scale.

[0004] Therefore, a heretofore unaddressed need exists in the art to address the aforementioned deficiencies and
inadequacies.

SUMMARY OF THE INVENTION

[0005] The presentinvention, in one aspect, relates to a method of processing images in a liquid crystal display (LCD).
In one embodiment, the method includes the steps of inputting an image to be displayed on the LCD, where the input
image comprises a plurality of image pixels, each image pixel is expressed in a first color domain characterized with
red, green and blue (RGB) colors, and each color is expressed in a grey level value, GL\(i), of n bits, where GL (i) =
0,1,...orN,i=R, GorB, N=(2"-1), and n is an integer greater than zero, determining the maximum gray level value,
MAX(R, G, B), among the gray level values of all RGB colors of the plurality of image pixels, selecting a color shift
compensation coefficient, £y, corresponding to the maximum gray level value MAX(R, G, B) from a lookup table (LUT),
where £ XMAX(R, G, B) < N, and transforming the grey level value GL (i) of the input image into a grey level value,
GLoyt(i), of an output image, where GLq1(i) satisfies the relationship of:

GL()UT(i) = CMXGLIN(I) < N,

so that no color shift occurs in the output image.

[0006] Inone embodiment, the LUT comprises a plurality of grey level values and a plurality of color shift compensation
coefficients, where each color shift compensation coefficient is associated with a corresponding grey level value such
that the result of which the color shift compensation coefficient multiples the corresponding grey level value is less than
or equals to N.

[0007] Furthermore, the method includes the step of modifying the color shift compensation coefficient so as to obtain
a sharpness enhancing coefficient, SPEC, that satisfies the relationship of:

SPEC =y » SP_ratio,
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where SP_ratio is a sharpness ratio for the image.

[0008] Moreover, the method may includes the step of transforming the image from the first color domain into a second
color domain that is different from the first color domain, where the second color domain comprises one of a YCbCr
domain, a CMYK domain, an YUV domain, and a CIE XYZ domain.

[0009] Additionally, the method also includes the steps of applying the sharpness enhancing coefficient SPEC to the
transformed image in the second color domain to obtain issue free image data in the second color domain, and trans-
forming the issue free image data in the second color domain into the first color domain to obtain a set of output RGB
data of the image.

[0010] Inanotheraspect, the presentinvention relates to a method of processing imagesinan LCD. Inone embodiment,
the method includes the steps of processing an image having a plurality of image pixels expressed in grey level values,
GL\(i), of n bits in a red-green-blue (RGB) color domain so as to obtain the maximum gray level value, MAX(R, G, B),
among the gray level values of all RGB colors of the plurality of image pixels, where GL\(i)) =0, 1, ...orN,i=R, G or
B, N = (2"-1), n'is an integer greater than zero, determining a color shift compensation coefficient, &y, according to the
maximum gray level value MAX(R, G, B) of the image such that £, x MAX(R, G, B) <N, and transforming the image into
an output image having grey level values, GLq1(i), that satisfies the relationship of:

GLOUT(i) = CMXGLIN(i) <N.

[0011] In one embodiment, the method may further have the step of creating a look up table (LUT) that comprises a
plurality of grey level values and a plurality of color shift compensation coefficients, where each color shift compensation
coefficient is associated with a corresponding grey level value such that the result of which the color shift compensation
coefficient multiples the corresponding grey level value is less than or equals to N.

[0012] Inone embodiment, the step of determining the color shift compensation coefficient &, is performed by looking
up the LUT.

[0013] In yet another aspect, the present invention relates to an image signal processing system usable in an LCD.
In one embodiment, the image signal processing system has a data filter module for receiving an image having a plurality
of image pixels expressed in grey level values, GL\(i), of n bits in a red-green-blue (RGB) color domain, and determining
the maximum gray level value, MAX(R, G, B), among the gray level values of all RGB colors of the plurality of image
pixels, where GL,\(i) =0, 1, ... or N, i =R, G or B, N = (2"-1), n is an integer greater than zero, and a color shift solution
module coupled with the data filter module for creating a look up table (LUT) that comprises a plurality of grey level
values and a plurality of color shift compensation coefficients, where each color shift compensation coefficient is asso-
ciated with a corresponding grey level value such that the result of which the color shift compensation coefficient multiples
the corresponding grey level value is less than or equals to N.

[0014] In operation, when the maximum gray level value MAX(R, G, B) of the image is obtained, a color shift com-
pensation coefficient, £, is determined from the LUT according to the maximum gray level value MAX(R, G, B), which
is applied to the grey level value GL (i) of the image so as to obtain output gray level values GLg1(i) of the image,
where GLg1(i) satisfies the relationship of:

GLOUT(i) = CMXGLIN(i) <N,

so that no color shift occurs in the output image.

[0015] In one embodiment, the image signal processing system further has a sharpness enhancing module coupled
with the color shift solution module for modifying the plurality of color shift compensation coefficients and obtaining a
plurality of sharpness enhancing coefficients accordingly, where each sharpness enhancing coefficient is the result of
which a corresponding color shift compensation coefficient multiples a sharpness ratio.

[0016] Furthermore, the image signal processing system includes a first color domain transformation module coupled
with the data filter module for transforming the image from the first color domain into a second color domain that is
different from the first color domain, where the second color domain comprises one of an YCbCr domain, a CMYK
domain, an YUV domain, and a CIE XYZ domain.

[0017] Moreover, the image signal processing system includes a luminance modification module for applying the
sharpness enhancing coefficients to the transformed image in the second color domain to obtain issue free image data
in the second color domain.

[0018] Additionally, the image signal processing system includes a second color domain transformation module cou-
pled with the first color domain transformation module and the luminance modification module for transforming the issue
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free image data in the second color domain into the first color domain to obtain a set of output RGB data of the image.
[0019] These and other aspects of the present invention will become apparent from the following description of the
preferred embodiment taken in conjunction with the following drawings, although variations and modifications therein
may be affected without departing from the spirit and scope of the novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings illustrate one or more embodiments of the invention and, together with the written
description, serve to explain the principles of the invention. Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements of an embodiment, and wherein:

Fig. 1 shows schematically a block diagram of an image processing system usable in an LCD device according to
one embodiment of the present invention;

Fig. 2 shows schematically a block diagram of an image processing system usable in an LCD device according to
another embodiment of the present invention;

Fig. 3 shows schematically a transforming relationship between the input grey level and the output grey level of an
image according to one embodiment of the present invention;

Fig. 4 shows color shift stimulations of an image according to one embodiment of the present invention: (a) and (b)
for different grey levels; and

Fig. 5 shows schematically a conventional transforming relationship between the input grey level and the output
grey level of an image: (a) for low grey levels and (b) for high grey levels.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention is more particularly described in the following examples that are intended as illustrative
only since numerous modifications and variations therein will be apparent to those skilled in the art. Various embodiments
of the invention are now described in detail. Referring to the drawings, like numbers indicate like components throughout
the views. As used in the description herein and throughout the claims that follow, the meaning of "a", "an", and "the"
includes plural reference unless the context clearly dictates otherwise. Also, as used in the description herein and
throughout the claims that follow, the meaning of "in" includes "in" and "on" unless the context clearly dictates otherwise.
[0022] The terms used in this specification generally have their ordinary meanings in the art, within the context of the
invention, and in the specific context where each term is used. Certain terms that are used to describe the invention are
discussed below, or elsewhere in the specification, to provide additional guidance to the practitioner regarding the
description of the invention. The use of examples anywhere in this specification, including examples of any terms
discussed herein, is illustrative only, and in no way limits the scope and meaning of the invention or of any exemplified
term. Likewise, the invention is not limited to various embodiments given in this specification.

[0023] As used herein, the terms "grey level" and "grey scale" are synonym in the specification and refer to one of
(discrete) shades of grey for an image, or an amount of light perceived by a human for the image. If the brightness of
the image is expressed in the form of shades of grey in n bits, n being an integer greater than zero, the grey level takes
values from zero up to (2" - 1) with intermediate values representing increasingly light shades of grey. In an LCD device,
the amount of light that transmits through liquid crystals is adjusted to represent the gray level.

[0024] As used herein, the terms "comprising," "including," "having," "containing,
understood to be open-ended, i.e., to mean including but not limited to.

[0025] The description will be made as to the embodiments of the present invention in conjunction with the accompa-
nying drawings in Figs. 1-4. In accordance with the purposes of this invention, as embodied and broadly described
herein, this invention, in one aspect, relates to a method of processing an image to be displayed in an LCD with color
shift free and an image signal processing system of implementing the same.

[0026] Referring to Fig. 1, the image signal processing system 100 has a data filter module 110, a color shift solution
module 120 coupled with the data filter module 110, a sharpness enhancing module 130 coupled with the color shift
solution module 120, a first color domain transformation module 140 coupled with the data filter module 110, a luminance
modification module 150 coupled with the sharpness enhancing module 130 and the first color domain transformation
module 140, and a second color domain transformation module 160 coupled with the luminance modification module 150.
[0027] The data filter module 110 is adapted for receiving an input image having a plurality of image pixels expressed
in grey level values, GL (i), of n bits in an RGB color domain, and determining the maximum gray level value, MAX(R,
G, B), among the gray level values of all RGB colors of the plurality of image pixels, where GL\(i))=0,1, ...orN,i =R,
G or B, N =(2"-1), n is an integer greater than zero.

[0028] The color shift solution module 120 is adapted for creating a look up table (LUT) that comprises a plurality of
grey level values and a plurality of color shift compensation coefficients, where each color shift compensation coefficient

involving," and the like are to be
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is associated with a corresponding grey level value such that the result of which the color shift compensation coefficient
multiples the corresponding grey level value is less than or equals to N.
[0029] In one embodiment, the color shift compensation coefficient is calculated in the form of:

CS coefficient (Cy) = GLT(Pixel Data) / Pixel Data.

[0030] Where GLT(X) is the transfer function GLqy1(i) = & X GLn(i) < N, and Pixel_Data is the input data GL (i)
[0031] The LUT is utilized to convert an input grayscale level into a desirable output grayscale level. The LUT provided
in the display device is prepared for each of RGB colors. In operation, when the maximum gray level value MAX(R, G,
B) of the image is obtained, a color shift compensation coefficient, &,,, is determined from the LUT according to the
maximum gray level value MAX(R, G, B), which is applied to the grey level value GL (i) of the image so as to obtain
output gray level values GLq1(i) of the image, where GLq1(i) satisfies the relationship of:

GLOUT(i) = CMXGLIN(i) <N,

so that no color shift occurs in the output image.

[0032] The sharpness enhancing module 130 is adapted for modifying the plurality of color shift compensation coef-
ficients and obtaining a plurality of sharpness enhancing coefficients accordingly. Each sharpness enhancing coefficient
is the result of which a corresponding color shift compensation coefficient multiples a sharpness ratio.

[0033] The first color domain transformation module 140 is adapted for transforming the image from the first color
domain into a second color domain that is different from the first color domain. The second color domain can be an
YCbCr domain, a CMYK domain, a YUV, a CIE XYZ domain, or the likes.

[0034] The luminance modification module 150 is adapted for applying the sharpness enhancing coefficients to the
transformed image in the second color domain to obtain issue free image data in the second color domain.

[0035] The second color domain transformation module 160 is adapted for transforming the issue free image data in
the second color domain into the first color domain to obtain a set of output RGB data of the image.

[0036] Fig. 2 shows another embodiment of the image signal processing system 200 according to the present invention.
Similar to the image signal processing system 100 shown in Fig. 1, the data filter module 210 is used to calculate the
maximum gray level value, MAX(R, G, B), among the gray level values of all RGB colors of the plurality of image pixels
from the input image data, In_R, In_G and In_B. Then, by looking up the LUT in the color shift solution model 220, it is
obtained a color shift compensation coefficient &, that is corresponding to the maximum gray level value MAX(R, G, B)
of the image. The output grey levels of the image are obtained by multiplying the input grey levels of the image by the
color shift compensation coefficient &y,. Accordingly, no color shift occurs after the grey level transformation according
to the present invention.

[0037] Further, asharpness enhancing module 230 may be employed to modify the color shift compensation coefficient
to enhance and keep the details of the image, so as to obtains a sharpness coefficient, SP_coefficient,

SP_coefficient = CS_coefficient x sharpness_ratio.

[0038] Additionally, a RGB to YCbCr color domain transformation module 240 is used to transform the input image
data, In_R,In_Gand In_B, into Y, Cb and Cr, where Y is the luminance component and Cb and Cr are the blue-difference
and red-difference chroma components of the image.

[0039] The transformed luminance component Y is then modulated by the sharpness coefficient, SP_coefficient, in a
luminance modification module 250 to obtain a new luminance component Y_new, for further enhancing the quality of
the image.

[0040] Then, a YCbCr to RGB color domain transformation module 260 is adapted to transform the image data, Y_
new, Cb and Cr in the YCbCr color domain back to the output image data, Out_R, Out_G and Out_B in the RGB color
domain, which is color shift free.

[0041] Fig. 3 shows a transforming relationship 330 between the input grey level GL |y and the output grey level GLq 1
of animage according to one embodiment of the present invention. The output grey level GLq 1 is obtained by multiplying
the input grey level GL,y by the color shift compensation coefficient &y,. As a comparison, a transforming relationship
320 between the input grey level GL,y and the output grey level GLg of an image according to a conventional method
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is also shown in Fig. 3. According to the present invention, no color shift (grey level overflow) occurs. However, in the
conventional method, any input grey level larger then GL; would be overflowed after this transformation.

[0042] Fig. 4 shows color shift stimulations of an image: (a) for the grey level values, R: 224, G: 160 and B: 96, and
(b) the grey level values, R: 255, G: 224 and B: 160. Curves 410 and 450 are obtained according to the present invention,
where the color difference error Au'v’ is less than 0.0125, which indicate no color shift occurs. However, curves 420 and
460 are obtained according to a conventional transformation, which causes color shift.

[0043] One aspect of the present invention provides a method of processing images in an LCD. In one embodiment,
the method includes the following steps: at first, an image to be displayed on the LCD is input or provided. The input
image is characterized with a plurality of image pixels. Each image pixel is expressed in a first color domain characterized
with red, green and blue (RGB) colors, and each color is expressed in a grey level value, GL,\(i), of n bits, where GLy
(()=0,1,...0orN,i=R, GorB, N=(2"-1), and n is an integer greater than zero. Then, the maximum gray level value,
MAX(R, G, B), among the gray level values of all RGB colors of the plurality of image pixels is determined.

[0044] Next, a color shift compensation coefficient, &, corresponding to the maximum gray level value MAX(R, G, B)
is selected from a lookup table (LUT), where &, MAX(R, G, B) < N. The LUT comprises a plurality of grey level values
and a plurality of color shift compensation coefficients, where each color shift compensation coefficient is associated
with a corresponding grey level value such that the result of which the color shift compensation coefficient multiples the
corresponding grey level value is less than or equals to N.

[0045] The grey level value GL\(i) of the input image is then transformed into a grey level value, GLqy1(i), of an
output image, where GLq1(i) satisfies the relationship of:

GL()U'l‘(i) = CMXGLIN(i) < N,

so that no color shift occurs in the output image.
[0046] Furthermore, the method includes the step of modifying the color shift compensation coefficient so as to obtain
a sharpness enhancing coefficient, SPEC, that satisfies the relationship of:

SPEC =y x SP_ratio,

where SP_ratio is a sharpness ratio for the image.

[0047] Moreover, the method may include the step of transforming the image from the first color domain into a second
color domain that is different from the first color domain.

[0048] Additionally, the method also includes the steps of applying the sharpness enhancing coefficient SPEC to the
transformed image in the second color domain to obtain issue free image data in the second color domain, and trans-
forming the issue free image data in the second color domain into the first color domain to obtain a set of output RGB
data of the image.

[0049] The presentinvention, among other things, recites a method of processing an image to be displayed in a liquid
crystal display (LCD) with color shift free and an image signal processing system of implementing the same.

[0050] The foregoing description of the exemplary embodiments of the invention has been presented only for the
purposes of illustration and description and is not intended to be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in light of the above teaching.

[0051] The embodiments were chosen and described in order to explain the principles of the invention and their
practical application so as to activate others skilled in the art to utilize the invention and various embodiments and with
various modifications as are suited to the particular use contemplated. Alternative embodiments will become apparent
to those skilled in the art to which the present invention pertains without departing from its spirit and scope. Accordingly,
the scope of the present invention is defined by the appended claims rather than the foregoing description and the
exemplary embodiments described therein.

Claims

1. A method of processing images in a liquid crystal display (LCD), comprising the steps of:

(a) inputting an image to be displayed on the LCD, wherein the inputimage comprises a plurality ofimage pixels,
each image pixel is expressed in a first color domain characterized with red, green and blue (RGB) colors,
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and each color is expressed in a grey level value, GL\(i), of n bits, wherein GL,\(i) =0, 1, ...or N,i=R, G or
B, N = (2"-1), and n is an integer greater than zero;

(b) determining the maximum gray level value, MAX(R, G, B), among the gray level values of all RGB colors of
the plurality of image pixels;

(c) selecting a color shift compensation coefficient, &, corresponding to the maximum gray level value MAX
(R, G, B) from a lookup table (LUT), wherein &, x MAX(R, G, B) < N; and

(d) transforming the grey level value GL (i) of the input image into a grey level value, GLg+(i), of an output
image, wherein GLg1(i) satisfies the relationship of:

GLOUT(i) = CMXGLIN(i) <N,

so that no color shift occurs in the output image.

The method of claim 1, wherein the LUT comprises a plurality of grey level values and a plurality of color shift
compensation coefficients, wherein each color shift compensation coefficient is associated with a corresponding
grey level value such that the result of which the color shift compensation coefficient multiples the corresponding
grey level value is less than or equals to N.

The method of claim 1, further comprising the step of modifying the color shift compensation coefficient so as to
obtain a sharpness enhancing coefficient, SPEC, that satisfies the relationship of:

SPEC =y x SP_ratio,

wherein SP_ratio is a sharpness ratio for the image.

The method of claim 3, further comprising the step of transforming the image from the first color domain into a
second color domain that is different from the first color domain, wherein the second color domain comprises one
of a YCbCr domain, a CMYK domain, an YUV domain, and a CIE XYZ domain.

The method of claim 4, further comprising the step of applying the sharpness enhancing coefficient SPEC to the
transformed image in the second color domain to obtain issue free image data in the second color domain.

The method of claim 5, further comprising the steps of transforming the issue free image data in the second color
domain into the first color domain to obtain a set of output RGB data of the image.

A method of processing images in a liquid crystal display (LCD), comprising the steps of:

(a) processing an image having a plurality of image pixels expressed in grey level values, GL (i), of n bits in a
red-green-blue (RGB) color domain so as to obtain the maximum gray level value, MAX(R, G, B), among the
gray level values of all RGB colors of the plurality of image pixels, wherein GL,\(i) =0, 1, ...orN,i=R, G or B,
N = (2"-1), n is an integer greater than zero;

(b) determining a color shift compensation coefficient, &y, according to the maximum gray level value MAX(R,
G, B) of the image such that

CuxMAX(R, G, B)<N;

and
(c) transforming the image into an output image having grey level values, GLg1(i), that satisfies the relationship
of:
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GLOUT(i) = CMXGLIN(i) <N.

The method of claim 7, further comprising the step of creating a look up table (LUT) that comprises a plurality of
grey level values and a plurality of color shift compensation coefficients, wherein each color shift compensation
coefficient is associated with a corresponding grey level value such that the result of which the color shift compen-
sation coefficient multiples the corresponding grey level value is less than or equals to N, wherein the step of
determining the color shift compensation coefficient &, is performed by looking up the LUT.

An image signal processing system usable in a liquid crystal display (LCD), comprising:

(a) a data filter module for receiving an image having a plurality of image pixels expressed in grey level values,
GL,\ (i), of n bits in a red-green-blue (RGB) color domain, and determining the maximum gray level value, MAX
(R, G, B), among the gray level values of all RGB colors of the plurality of image pixels, wherein GL,\(i) = 0,
1,...orN,i=R, GorB, N=(2"-1), nis an integer greater than zero; and

(b) a color shift solution module coupled with the data filter module for creating a look up table (LUT) that
comprises a plurality of grey level values and a plurality of color shift compensation coefficients, wherein each
color shift compensation coefficient is associated with a corresponding grey level value such that the result of
which the color shift compensation coefficient multiples the corresponding grey level value is less than or equals
to N.

The image signal processing system of claim 9, wherein in operation, when the maximum gray level value MAX(R,
G, B) of the image is obtained, a color shift compensation coefficient, &y, is determined from the LUT according to
the maximum gray level value MAX(R, G, B), which is applied to the grey level value GL (i) of the image so as to
obtain output gray level values GLg (i) of the image, wherein GLq (i) satisfies the relationship of:

GLOUT(i) = CMXGLIN(D < Na
so that no color shift occurs in the output image.

The image signal processing system of claim 9, further comprising a sharpness enhancing module coupled with the
color shift solution module for modifying the plurality of color shift compensation coefficients and obtaining a plurality
of sharpness enhancing coefficients accordingly.

The image signal processing system of claim 11, wherein each sharpness enhancing coefficient is the result of
which a corresponding color shift compensation coefficient multiples a sharpness ratio.

The image signal processing system of claim 11, further comprising a first color domain transformation module
coupled with the data filter module for transforming the image from the first color domain into a second color domain
that is different from the first color domain, wherein the second color domain comprises one of an YCbCr domain,
a CMYK domain, an YUV domain, and a CIE XYZ domain.

The image signal processing system of claim 13, further comprising a luminance modification module for applying
the sharpness enhancing coefficients to the transformed image in the second color domain to obtain issue free
image data in the second color domain.

The image signal processing system of claim 14, further comprising a second color domain transformation module
coupled with the first color domain transformation module and the luminance modification module for transforming
the issue free image data in the second color domain into the first color domain to obtain a set of output RGB data
of the image.
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