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IMAGE PROCESSING METHOD AND IMAGE
PROCESSING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This Non-provisional application claims priority under 35
U.S.C. §119(a) on patent application No(s). 098119635 filed

in Tatwan, Republic of China on Jun. 12, 2009, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention relates to an 1image processing method and
an 1mage processing system and, more particularly, to an
image processing method and an 1mage processing system
performed by a looking up table (chrominance-luminance

lookup table, luminance lookup table).

2. Related Art

With the progress of digital image display techniques, elec-
tronic display devices with high definition, high stableness,
and multi-functions are widely used 1n people’s daily life.
Digital electronic devices such as a liquid crystal display
(LCD) screen, a plasma display and a projector become to be
main media in people’s life for getting information or com-
municating with each other.

The key factor which atfects the display quality includes a
luminance contraction and a color saturation of an 1mage.
Generally, the contraction means the luminance difference
between a bright area and a dark area in the image, and
enhancing contraction properly may make a user feel agree-
able. The color saturation 1s determined by the chrominance
of various kinds of colors.

The conventional 1image contraction and color enhance-
ment are performed 1n the RGB color space format. However,
the current formats of the images 1n most 1images or the video
streams do not use the RGB color space, they use the YCbCr
color space format which separates the luminance and the
chrominance to store the information or transmit information.
That 1s, conventionally, the 1images or video streams with
YCbCr 1mage format may need to be converted to the RGB
image format first, and then they are performed to enhance the
contraction or the saturation. Even aiter the image 1s pro-
cessed, the RGB 1image format needs to be reconverted to the
YCbCr mmage format for adapted to the display system.
Theretfore, additional color space conversion is a load to the
system, and the video stream cannot be processed 1nstantly.

In another aspect, 1n the 1image contraction and saturation
enhancement to the YCbCr image format 1mages, since the
YCbCr 1mage format has a luminance component (Y) and
two color components (Cb and Cr), the image processor may
establish a luminance lookup table (LUT) to adjust the lumi-
nance component (Y ), and 1t also may establish one or more
chrominance luminance lookup table to adjust the chromi-
nance components (Cb and Cr) according to the requirement
in enhancing chrominance. However, 1n each 1mage process-
ing tlow path, each component (Y, Cb or Cr) in the image
information are adjusted according to the luminance lookup
table or the chrominance LUT, and that means the compo-
nents need to be calculated for three times. Therefore, the
troublesome calculation 1s a heavy load to the system without
independent image processor.

SUMMARY OF THE INVENTION

The invention discloses an i1mage processing method
adapted to processing 1mage information, and the image
information with multiple process pixels.
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According to an embodiment of the invention, the image
processing method includes the following steps: a) setting a
group ol parameters; b) establishing a luminance lookup table
according to the group of parameters; ¢) establishing a
chrominance-luminance lookup table according to the
parameters and the luminance lookup table; d) retrieving the
image information; ¢) determining a format of the image
information; 1) generating an adjusted chrominance and a first
adjusted luminance corresponding to one of the process pix-
¢ls using the chrominance-luminance lookup table 11 the for-
mat of the image 1s a first format (for example, the YCbCr 15
4:2:2); and g) generating an adjusted chrominance, a {first
adjusted luminance and a second adjusted luminance corre-
sponding to one of the process pixels using the chrominance-
luminance lookup table and the luminance lookup table 11 the
format of the image 1s a second format (for example, the
YCbCr 1s 4:2:0).

The mvention also discloses an 1mage processing system
including a memory module, a calculating module and a
processing module. The calculating module and the process-
ing module are electrically connected to the memory module,
respectively.

According to an embodiment of the invention, the memory
module stores image information, and the 1mage information
with multiple process pixels. The calculating module estab-
lishes a luminance lookup table according to a group of
parameters, and then the calculating module establishes a
chrominance-luminance lookup table according to the
parameters and the luminance lookup table, and stores the
luminance lookup table and the chrominance-luminance
lookup table 1n the memory module.

The processing module retrieves the 1image 1information
from the memory module and determines the format of the
image information. If the format of the 1mage 1s a first format,
the processing module uses the chrominance-luminance
lookup table stored in the memory module to generate an
adjusted chrominance and a first adjusted luminance corre-
sponding to one of the process pixels. If the format of the
image 1s a second format, the processing module uses the
chrominance-luminance lookup table and the luminance
lookup table stored in the memory module to generate an
adjusted chrominance, a first adjusted luminance and a sec-
ond adjusted luminance corresponding to one of the process
pixels.

That 1s, 1n the image processing method and the image
processing system of the invention, by establishing the lumi-
nance-chrominance LUT, the luminance and the chromi-
nance of the image can be adjusted only via a single calcula-
tion procedure. Therefore, the 1image processing time 1s
shorted, and the flow path 1s simplified.

These and other features, aspects and advantages of the
present mnvention will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flow chart diagram showing the image process-
ing method 1n an embodiment of the invention; and

FIG. 2 1s a functional block diagram showing an image
processing system which can perform the image processing
method 1n the mvention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1s a flow chart diagram showing the image process-
ing method 1n an embodiment of the mvention. FIG. 2 1s a
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functional diagram showing the image processing system 1
which can perform the image processing method in an
embodiment of the mnvention. The image processing method
and the 1mage processing system are adapted to processing
image information (such as an 1image, a multi-media movie or
a video stream). The image information has a format of the
image. As shown 1n FIG. 2, 1n the embodiment, the image
processing system 1 icludes a memory module 10, a calcu-
lating module 12, a processing module 14 and an input mod-
ule 16. The calculating module 12 and the processing module
14 are clectrically connected to the memory module 10,
respectively. The mput module 16 1s electrically connected to
the calculating module 12. The memory module 10 stores the
image iformation including multiple process pixels.

In the embodiment, the image processing method and the
image processing system 1 may process 1images having dii-
ferent format of the images. In practical usage, the common
format of the 1images may be divided mto YCbCr 4:4:4 (1t
means that the YCbCr format of the color space 1s used and
the sampling ratio 1s 4:4:4, which 1s completely sampled),
YCbCr 4:2:2 (1t means that the YCbCr format of the color
space 15 used and the sampling ratio 4:2:2, which 1s partially
sampled), YCbCr 4:2:0 (it means that the YCbCr format of the
color space 1s used and the sampling ratio 4:2:0 or 4:1:1,
which 1s partially sampled) and other types.

Taking the common YCbCr 4:2:2 format of the image as an
example, 1t includes YUY 2, UY VY, and YUV?2 formats and
so on. The common YCbCr 4:2:0 format of the image
includes YV2, NV 12 formats and the 1420 format adapted to
the digital video disk (DVD).

In the image information, the minimum umt image 1s pixel,
and 1 the YCbCr 4:4:4 format of the image (completely
sampled), each pixel has three complete components (Y, Cb
and Cr). To satisty the compression or image processing
requirement, 1n the YCbCr 4:2:2 orthe YCbCr 4:2:0 format of
the image, the adjacent multiple pixels are defined as a macro
pixel and the macro pixel 1s defined according to different
formats. For example, 1t may be two adjacent pixels or 2*2
adjacent pixel areas.

Generally, ntheYCbCr 4:2:2 format, a macro pixel may be
composed of the Y component (Y1) of the first pixel, the Cb
component (Cbl) of the first pixel, the Y component (Y2) of
the second pixel and the Cr component (Cr2) of the second
pixel. Namely in each macro pixel of the YCbCr 4:2:2, the
luminance and the chrominance are 1:1 (two luminances and
two chrominances). In practical usage, to facilitate the pro-
cessing, 1n the YCbCr 4:2:2 format, a macro pixel [Y1, Cbl,
Y2, and Cr2] 1s usually divided to two process pixels a pro-
cessing pixel [Y1, Cb1] and another process pixel [Y2, Cr2].
In the embodiment, the processing module takes a process
pixel as a basic unit to process and adjust the 1image.

In another aspect, inthe YCbCr 4:2:0, amacro pixel may be
composed of four different Y components (Y1, Y2, Y3 and
Y4), a Cb component, and a Cr component (therefore, the
sampling ratio of the YCbCr 4:2:0 format also may be called
4:1:1). That 1s, 1n each macro pixel of the YCbCr 4:2:0, the
luminance and the chrominance 1s 2:1 (four luminances and
two chrominances). In practical usage, to facilitate the pro-
cessing, 1n the YCbCr 4:2:0 format, a macro pixel [Y1, Y2,
Y3, Y4, Cb, and Cr] 1s usually divided into two processing
pixels. In the embodiment, the two processing pixels are a
process pixel [Y1,Y2, and Cb] and another process pixel [Y 3,
Y4, and Cr].

As shown 1n FIG. 1 and FIG. 2, step S100 1s firstly per-
formed to set a group of parameters. In the embodiment, the
parameter may be generated automatically by a calculating
module 12, or 1t may be mputted by the user via an input
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module 16 and transmitted to the calculating module 12,
which 1s not limited thereto. In the embodiment, the param-
cters may be (St, Sa), and Ste[0,1], Sa=0, and the parameters
may be set according to the practical requirements, and 1t also
may be adjusted according to the quality of the 1image pro-
cessing result.

Then, step S102 1s performed. The calculating module 12
generates a luminance lookup table according to the param-
cters. In the embodiment, the calculating module 12 may
store the luminance lookup table 1n the memory module 10. In
the embodiment, the luminance of the image information of
the invention 1s stored 1n an 8 bits mode, and the luminance 1s

divided to 256 classes (the luminance 1s distributed 1n 0~2355).
In the embodiment, the luminance lookup table 1s generated
according to the formula herein below:

max wherein

Fout(x)=Bound [, (St fx) 50, (St X))

X 1s an integer between O and 253,

t, (St,1(x))=Stxt(x)+(1-St) b, (St,{(x))=16xStx(1(x)-1),
wherein 1(x) 1s a non-liner function for generating a gain
value corresponding to the mput signal. For example, {(x)=
[255(x/255) +1]/(x+1), r>0. The equation 1(x) may be
adjusted according to practical usage. The Bound function 1s
defined as: B=Bound[A]_ . ™. When the min=A=max,
B=A: when A=min, B=min; when max=A, B=A. wherein
O=min<max, and 1n the embodiment, the max value may be
255 or 2335, and the min value may be 0 or 16.

In the embodiment, the format of the luminance lookup
table may be shown herein below:

TABL.

(Ll

1

Input luminance Output luminance

0 Yout[0]
1 Yout|1]
255 Yout[255]

Then, step S104 1s performed. The calculating module 12
may establish a chrominance-luminance lookup table accord-
ing to the parameters and the luminance lookup table. In the
embodiment, the calculating module 12 also may store the
luminance lookup table in the memory module 10. The
chrominance-luminance lookup table 1s generated according
to the parameters and the luminance lookup table. In another
aspect, the luminance of the image information 1n the mven-
tion also may be stored 1n the 8 bits mode, and the luminance
1s divided 1nto 256 classes (the chrominance Cb and Cr are
distributed between O and 253). In the embodiment, the lumi-
nance lookup table 1s generated according to the following
formula:

(' Yout(x,y)=Bound[f~(St,5Sa,f(x))y-b (51,
Sa fxX)] %256+ Yout(x)

Wherein x 1s an integer between 0 and 255, and y 1s an
integer between O and 255.

T-(St,Sa,1(x) )=SaxStx1(x)+(1-St)b (St,Sa,1(x))=128xStx
(Saxi(x)-1),

and 1(x) 1s a non-liner function for generating a gain value
corresponding to the mput signal.

In the embodiment, the chrominance-luminance lookup
table format may be shown in table 2 as follows:
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TABLE 2
Input Output
chrominance-luminance(C, Y) chrominance-luminance
0,0 CYout[O, O]
0,1 CYout[O, 1]
255, 255 CYout[255, 255]

That 1s, for example, when a luminance and a chrominance
need to be looked up via the chrominance-luminance lookup
table 1n the mvention, a corresponding group of luminance
and chrominance are found in a single search process.

Then, step S106 1s performed to retrieve the 1image infor-
mation Ifrom the memory module 10 using the processing
module 14. Afterwards, step S107 1s performed to determine

the format of the image information using the processing
module 14.

In the embodiment, when the format of the 1mage informa-
tion 1s determined to be the first format, 1n the 1mage process-
ing method, step S108 1s performed, and the first format
herein 1s the YCbCr 4:2:2, which 1s the YCbCr color space,
and the YCbCr sampling ratio 1s 4:2:2. The image information
of the first format with multiple pixels (such as 1024*768
pixels), and two adjacent pixels correspond to a macro pixel.

To facilitate the processing, each macro pixel may be com-
posed by two process pixels, and each process pixel includes
a chrominance and a first luminance. In step S108, the pro-
cessing module 14 looks up the chrominance-luminance
lookup table stored 1n the memory module 10 according to the
chrominance and the first luminance of one of the process
pixels. Then, step S110 1s performed, and the processing
module 14 obtains the adjusted chrominance and the first
adjusted luminance corresponding to the chrominance and
the first luminance from the chrominance-luminance lookup
table, and then the chrominance and the luminance corre-
sponding to a process pixel are adjusted.

Then, step S112 1s performed. The processing module 14
determines whether each process pixel of the image informa-
tion 1s adjusted. I not, step S108 to step S110 are performed
repeatedly to adjust all the process pixels 1n the 1mage infor-
mation.

In the 1mage processing method of the prior art, the lumi-
nance 1s adjusted by looking up the luminance lookup table,
and the chrominance 1s adjusted by looking up the chromi-
nance LUT. In the image processing method of the mnvention,
via the chrominance-luminance lookup table, the luminance
and the chrominance may be adjusted 1n a single tlow path,
and thus the 1image processing speed 1s improved.

On the other hand, when the format of the 1mage informa-
tion 1s determined to be the second format, step S114 of the
image processing method i the mvention 1s performed The
second format herein may be YCbCr 4:2:0, which 1s the
Y CbCr color space, and the YCbCr sampling ratio 1s 4:2:0 or
4:1:1. The image information with the second format with
multiple pixels, and the four adjacent pixels of the second
format correspond to a macro pixel.

To facilitate the processing, each macro pixel 1s formed by
two process pixels, and each process pixel in the 1mage 1nfor-
mation of the second format includes a chrominance, a first
luminance and a second luminance. Step S114 1s performed,
and the processing module 14 looks up the chrominance-
luminance lookup table stored in the memory module 10
according to the chrominance and the first luminance of one
of the process pixels. Then, step S116 1s performed, and the
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processing module obtains the adjusted chrominance corre-
sponding to the chrominance and the first adjusted luminance
corresponding to the first luminance from the chrominance-
luminance lookup table. Then, step S118 1s performed, and
the processing module 14 looks for the luminance lookup
table according to the second adjusted luminance of one of the
process pixels, thereby adjusting the chrominance and lumi-
nance of the process pixel. Afterwards, 1 step S120, the
processing module 14 obtains the second adjusted luminance
in the luminance lookup table according to the second lumi-
nance. Consequently, the luminance and chrominance adjust-
ment are performed.

Then, step S122 1s performed. The processing module 14
determines whether each process pixel of the image informa-
tion 1s adjusted. If not, step S114 to step S120 are repeatedly
performed to adjust the process pixels of the image informa-
tion.

Comparing with the prior art in which the three compo-
nents of the color space are separately looked for, 1n the image
processing method of the invention, a group of adjusted lumi-
nance and chrominance are obtained 1n only one flow path via
the chrominance-luminance lookup table. When the ratio of
the luminance and the chrominance 1n each process pixel 1s
not 1:1, the luminance lookup table 1s also looked up to
generate the second adjusted luminance. Therefore, 1t corre-
sponds to multiple format of the images, and different LUT's
may be tully used to improve the processing speed.

Then, 1n the image processing method and the 1image pro-
cessing system 1, step S124 1s further performed to reset the
parameters (St, Sa). When the 1mage processing system 1
determines that the adjusted 1mage information does not sat-
1s1y the requirement, or the user updates the parameter by
himsell or herself via the input module 16, the parameter (S,
Sa) may be reset. Therefore, in the image processing method
and the image processing system 1, step S102 to S122 may be
reperformed. According to the set parameters, the calculating
module 12 reestablishes the luminance lookup table and the
chrominance-luminance lookup table. Then, the processing
module 14 may adjust the image mnformation according to the
reestablished luminance lookup table and the reestablished
chrominance-luminance lookup table.

To sum up, 1n the image processing method and the 1mage
processing system, a chrominance-luminance lookup table 1s
established to adjust a luminance and a chrominance 1n a
single flow path. As a result, the processing flow path 1s
simplified, and processing time 1s saved.

Although the present invention has been described 1n con-
siderable detail with reference to certain preferred embodi-
ments thereot, the disclosure 1s not for limiting the scope of
the mvention. Persons having ordinary skill in the art may
make various modifications and changes without departing
from the scope. Therefore, the scope of the appended claims
should not be limited to the description of the preferred
embodiments described above.

What 1s claimed 1s:

1. An 1mage processing method adapted to processing
image information with multiple process pixels, the image
processing method comprising the steps of:

setting a group of parameters and establishing a luminance

lookup table (LUT);

establishing a chrominance-luminance LUT according to

the parameters and the luminance LUT;

retrieving and determining a format of the 1mage informa-

tion; and

generating an adjusted chrominance and a first adjusted

luminance corresponding to one of the process pixels
using the chrominance-luminance lookup table if the
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format of the image 1s a first format, and generating an
adjusted chrominance, a first adjusted luminance and a
second adjusted luminance corresponding to one of the
process pixels using the chrominance-luminance lookup
table and the luminance lookup table 11 the format of the
image 1s a second format.
2. The image processing method according to claim 1,
wherein each process pixel having the first format includes a
chrominance and a first luminance, and 1f the format of the
image 1s the first format, the step of generating the adjusted
chrominance and the first adjusted luminance using the
chrominance-luminance lookup table comprises:
looking up the chrominance-luminance lookup table
according to the chrominance and the first luminance
corresponding to one of the process pixels; and

obtaining the adjusted chrominance corresponding to the
chrominance and the first adjusted luminance corre-
sponding to the first luminance i1n the chrominance-
luminance lookup table.

3. The image processing method according to claim 2,
wherein 1n the process pixels having the first format, two
process pixels forms a macro pixel, and each macro pixel
corresponds to two adjacent pixels of the image information.

4. The image processing method according to claim 2,
wherein the first format 1s an Y CbCr format of the color space
and an YCbCr sampling ratio 1s 4:2:2.

5. The image processing method according to claim 1,
wherein 1f the format of the image 1s the first format, the
method further comprises the step of:

generating the adjusted chrominance and the first adjusted

luminance corresponding to each process pixel via the
chrominance-luminance lookup table until multiple pro-
cess pixels of the image information are adjusted.

6. The image processing method according to claim 1,
wherein each process pixel having the second format includes
a chrominance, a first luminance and a second luminance, and
the step of generating the adjusted chrominance, the first
adjusted luminance and the second adjusted luminance using
the chrominance-luminance lookup table and the luminance
lookup table if the format of the image 1s the second format
COmMprises:

looking up the chrominance-luminance lookup table

according to the chrominance and the first luminance
corresponding to one of the process pixels;

obtaining the adjusted chrominance corresponding to the

chrominance and the first adjusted luminance corre-
sponding to the first luminance i1n the chrominance-
luminance lookup table;

looking up the luminance lookup table according to the

second luminance corresponding to one of the process
pixels; and

obtaining the second adjusted luminance corresponding to

the second luminance from the luminance lookup table.

7. The 1image processing method according to claim 6,
wherein in the process pixels having the second format, two
process pixels form a macro pixel, and each of the macro
pixels corresponds to four adjacent pixels of the 1image 1nfor-
mation.

8. The image processing method according to claim 6,
wherein the second format 1s the YCbCr format of the color
space and the YCbCr sampling ratio 1s 4:2:0 or 4:1:1.

9. The image processing method according to claim 1,
wherein if the format of the image 1s the second format, the
method further comprises the step of

generating the adjusted chrominance, the first adjusted

luminance and the second adjusted luminance corre-
sponding to each process pixel using the chrominance-
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luminance lookup table and the luminance lookup table
until multiple process pixels of the image information
are adjusted.

10. The image processing method according to claim 1,
further comprising the steps of:

resetting the parameters;

reestablishing the luminance lookup table and the chromi-
nance-luminance lookup table according to the reset
parameters; and

adjusting the 1mage information according to the reestab-
lished luminance lookup table and the reestablished
chrominance-luminance lookup table.

11. An 1mage processing system comprising:

a memory module storing an 1mage information, wherein
the 1mage information with multiple process pixels;

a calculating module electrically connected to the memory
module, wherein the calculating module establishes a
luminance lookup table according to a group of param-
cters, establishes a chrominance-luminance lookup
table according to the parameters and the luminance
lookup table and stores the luminance lookup table and
the chrominance-luminance lookup table 1n the memory
module; and

a processing module electrically connected to the memory
module, wherein the processing module retrieves the
image information from the memory module and deter-
mines the format of the image information, 11 the format
of the image 1s a first format, the processing module uses
the chrominance-luminance lookup table stored in the
memory module to generate an adjusted chrominance
and a first adjusted luminance corresponding to one of
the process pixels, and if the format of the 1image 1s a
second format, the processing module uses the chromi-
nance-luminance lookup table and the luminance
lookup table stored in the memory module to generated
an adjusted chrominance, a first adjusted luminance and
a second adjusted luminance corresponding to one of the
process pixels.

12. The image processing system according to claim 11,
wherein each process pixel having the first format includes a
chrominance and a {irst luminance, the processing module
looks up the chrominance-luminance lookup table according
to the chrominance and the first luminance corresponding to
one of the process pixels to obtain the adjusted chrominance
corresponding to the chrominance and the first adjusted lumi-
nance corresponding to the first luminance 1n the chromi-
nance-luminance lookup table.

13. The image processing system according to claim 12,
wherein the first format 1s a YCbCr format of the color space
and a sampling ratio 1s 4:2:2.

14. The image processing system according to claim 12,
wherein the processing module uses the chrominance-lumi-
nance lookup table to generate the adjusted chrominance and
the first adjusted luminance corresponding to each process
pixel until the process pixels 1n the 1mage information are
adjusted by the processing module.

15. The image processing system according to claim 11,
wherein each process pixel having the second format includes
a chrominance, a first luminance and a second luminance, the
processing module looks up the chrominance-luminance
lookup table according to the chrominance and the first lumi-
nance corresponding to one of the process pixels, and obtains
the adjusted chrominance corresponding to the chrominance,
and the first adjusted luminance corresponding to the first
luminance 1n the chrominance-luminance lookup table, and
the processing module looks up the luminance lookup table
according to the second luminance corresponding to one of
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the process pixels to obtain the second adjusted luminance
corresponds to the second luminance in the luminance lookup
table.

16. The image processing system according to claim 15,
wherein the second format 1s a YCbCr format of the color
space and a YCbCr sampling ratio 1s 4:2:0 or 4:1:1.

17. The image processing system according to claim 15,
wherein the processing module uses the chrominance-lumi-
nance lookup table and the luminance lookup table to gener-
ate the adjusted chrominance, the first adjusted luminance
and the second adjusted luminance corresponding to each of
the process pixels until the process pixels of the image 1nfor-

mation are adjusted by the processing module.
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18. The image processing system according to claim 11,
further comprises:

an mput module electrically connected to the calculating,

module, wherein the mput module sets the parameters
according to the operation of a user.

19. The image processing system according to claim 11,
when the parameters are reset, the calculating module rees-
tablishes the luminance lookup table and the chrominance-
luminance lookup table according to the reset parameters and
stores the luminance lookup table and the chrominance-lumi-
nance lookup table 1n the memory module, and the processing
module uses the reestablished luminance lookup table and the
reestablished chrominance-luminance lookup table to adjust

the 1mage mformation.
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