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(57) ABSTRACT

An image compensation method and apparatus is provided.
The method may include: determining, as the second bright-
ness value, a brightness value for which a SAD correspond-
ing to the brightness value and the first brightness value is
the minimum, in brightness parameters of a second image
displayed at a second time; determining a membership
degree corresponding to a target SAD; determining a motion
compensation parameter corresponding to a first coordinate
and a median frame interpolation parameter corresponding
to the first coordinate; determining a brightness compensa-
tion parameter corresponding to the first coordinate based on
the membership degree corresponding to the target SAD, the
motion compensation parameter corresponding to the first
coordinate and the median frame interpolation parameter
corresponding to the first coordinate; performing an image
compensation so as to display a compensated image ata time
between the second time and the first time based on the
brightness compensation parameter corresponding to the
first coordinate.

10 Claims, 5 Drawing Sheets
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determine, as a second brightness value, a brightness value for
which a SAD corresponding to the brightness value and a first
brighthess value is the minimum, in brightness parameters ofa 101
second image displayed at a second time, the first brightness value _/
is a brightness value in brightness parameters of a first image
displayed at a first time and the second time is a time previous the
first time

v

determine a membership degree corresponding to a target SAD, 102
wherein the target SAD is a SAD corresponding to the first
brightness value and the second brightness value

Y

determine a motion compensation parameter and a median frame
interpolation parameter corresponding to a first coordinate, wherein \_)()3
the first coordinate is a coordinate corresponding to the first
brightness value in the brightness parameters at the first time

Y

determine a brighthess compensation parameter corresponding to
the first coordinate based on the membership degree corresponding
to the target SAD, the motion compensation parameter and the \1204
median frame interpolation parameter corresponding to the first
coordinate

v

perform an image compensation so as to display a compensated

image at a time between the second time and the first time based on 105
the brightness compensation parameter corresponding to the first I~
coordinate

FIG. 1
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determine, as a second brightness value, a brightness value for 201
which a SAD corresponding to the brightness value and a first
brightness value is the minimum, in brightness parameters of a
second image displayed at a second time, the first brightness value
is a brightness value in brightness parameters of a first image
displayed at a first time and the second time is a time previous the
first time

v

determine a membership degree corresponding o a target SAD, 202
wherein the target SAD is a SAD corresponding to the first
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Y

determine a motion compensation parameter and a median frame
interpolation parameter corresponding io a first coordinate, wherein 03
the first coordinate is a coordinate corresponding to the first \2
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v
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the membership degree corresponding to the target SAD, the motion 204
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Y

perform an image compensation so as to display a compensated
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the brightness compensation parameter corresponding to the first —

coordinate
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206
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2011
group a plurality of pixels of a display screen into n blocks ~
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IMAGE COMPENSATION METHOD AND
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Application
No. 201510446880.X, filed on Jul. 27, 2015, the contents of
which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present application relates to a field of display, in
particular, to an image compensation method and apparatus.

BACKGROUND

A display apparatus may include a display screen con-
sisting of a plurality of pixels and a controller which can
control the brightness of the pixels according to preset
brightness parameters for displaying images. Brightness
parameters for a pixel may include a coordinate of the pixel
on the display screen and its brightness value, in which the
coordinate and the brightness value of the pixel correspond
with each other. The controller may adjust the brightness of
the pixels in sequence according to the brightness param-
eters chronologically, which may enable the display screen
to display images in series.

In the prior art, effects on displaying continuous images
for the display screen can be improved by compensating the
continuous images using a motion compensation method.
For example, first of all, a brightness value in brightness
parameters of a second images displayed at a second time,
for which a Sum of Absolute Difference (SAD) correspond-
ing to the brightness value and a first brightness value is the
minimum, can be determined as a second brightness value
according to a formula for determining a SAD, wherein the
first brightness value is a brightness value in brightness
parameters of a first image displayed at a first time, and the
second time is a time previous the first time. Then, one of the
first brightness value and the second brightness value is
randomly selected as a compensation brightness value. A
midpoint coordinate between a coordinate corresponding to
the first brightness value in the brightness parameters at the
first time and a coordinate corresponding to the second
brightness value in the brightness parameters at the second
time is used as a coordinate corresponding to the compen-
sation brightness value. The compensation brightness value
and the coordinate corresponding to it are used as a motion
compensation parameter. Finally, at a midpoint time of the
first time and the second time, the display apparatus may
control the brightness of the pixel located at the coordinate
corresponding to the compensation brightness value to be
equal to the compensation brightness value according to the
motion compensation parameter, such that an image dis-
played at the midpoint time is associated with the images
displayed at the first time and the second time both. The
image displayed at the midpoint time is a transition image
between the images displayed at the first time and the second
time, compensating the images displayed at the first time and
the second time. It should be noted that SAD can indicate a
similarity between two brightness values, in which the
smaller a SAD is, the greater the similarity becomes.

However, if the similarity between images displayed at
the first time and the second time is great, there may be a
plenty of brightness values in the brightness parameters at
the second time, for which SADs corresponding to each of
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the plenty of brightness values and the first brightness value
are the minimum. In this case, it is required to select one
from the plenty of brightness values as the second brightness
value randomly. Thus, there may an error in the coordinate
corresponding to the second brightness value, leading to an
error in the motion compensation parameter, which may
further cause a poor image compensation performance.

SUMMARY

The present application provides an image compensation
method and apparatus.

According to a first aspect of embodiments of the present
disclosure, an image compensation method is provided, and
the method may include:

determining, as a second brightness value, a brightness
value for which a Sum of Absolute Difference (SAD)
corresponding to the brightness value and a first brightness
value is the minimum, in brightness parameters of a second
image displayed at a second time, the first brightness value
is a brightness value in brightness parameters of a first image
displayed at a first time and the second time is a time
previous the first time;

determining a membership degree corresponding to a
target SAD, wherein the target SAD is a SAD corresponding
to the first brightness value and the second brightness value;

determining a motion compensation parameter corre-
sponding to a first coordinate and a median frame interpo-
lation parameter corresponding to the first coordinate,
wherein the first coordinate is a coordinate corresponding to
the first brightness value in the brightness parameters at the
first time;

determining a brightness compensation parameter corre-
sponding to the first coordinate based on the membership
degree corresponding to the target SAD, the motion com-
pensation parameter corresponding to the first coordinate
and the median frame interpolation parameter corresponding
to the first coordinate;

performing an image compensation so as to display a
compensated image at a time between the second time and
the first time based on the brightness compensation param-
eter corresponding to the first coordinate;

wherein the brightness compensation parameter is deter-
mined as follows:

Jins @7 Frnore G+ Fonil0),

u indicates the membership degree corresponding to the
target SAD, (i, j) indicates the first coordinate, £, (i, j)
indicates the brightness compensation parameter corre-
sponding to the first coordinate, f,,,.(, j) indicates the
motion compensation parameter corresponding to the first
coordinate; and f,,,,(i, j) indicates the median frame interpo-
lation parameter corresponding to the first coordinate.

Preferably, determining the membership degree corre-
sponding to a target SAD may comprise:

comparing the target SAD with preset threshold param-
eters;

determining the membership degree corresponding to the
target SAD according to the comparison result;

wherein the membership degree corresponding to the
target SAD is determined as follows:
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0 (SAD = al|SAD = f)
[SAD —a]® —SAD <b
b-ale-a ~ @=NP=D
[SAD = ¢]? b < SAD <
Teobe-a  PEP=9
u= 1 c<SAD<d)
[a - SAD]? J<SAD<
b-ac-a  @=P=9
[c — SADJ?  SAD <
Teobe-a €=P=D

wherein u indicates the membership degree correspond-
ing to the target SAD; a, b, ¢, d, e and f indicate the preset
threshold parameters respectively, in which a<b<c<d<e<f;
and SAD=a||SAD=f means sAD=a or SAD=f.

Preferably, after determining a second brightness value,
the method further comprises:

determining, as a third brightness value, a brightness
value for which a SAD corresponding to the brightness
value and the first brightness value is the minimum, in
brightness parameters of a third image displayed at a third
time, the third time is a time next the first time;

determining, as a fourth brightness value, a brightness
value for which a SAD corresponding to the brightness
value and the first brightness value is the minimum, in
brightness parameters of a fourth image displayed at a fourth
time, the fourth time is a time next the third time;

determining a first variance between the target SAD and
a first adjusted SAD, the first adjusted SAD is a SAD
corresponding to the first brightness value and the third
brightness value;

determining a second variance among the target SAD, the
first adjusted SAD and a second adjusted SAD, the second
adjusted SAD is a SAD corresponding to the first brightness
value and the fourth brightness value;

comparing the second variance with the first variance;

if the second variance is greater than the first variance,
adjusting values of a and f so as to reduce a and increase f;
and

if the second variance is smaller than the first variance,
adjusting values of ¢ and d so as to increase ¢ and reduce d.

Preferably, determining the second brightness value may
further comprise:

grouping a plurality of pixels of a display screen into n
blocks, each block having the same numbers of pixels in
rows (A) and columns (B), wherein n is an integer greater
than 0;

determining a SAD corresponding to the first brightness
value and a detected brightness value based on the first
brightness value, the first coordinate and the brightness
parameters at the second time, the detected brightness value
is a brightness value in the brightness parameters at the
second time and corresponds to a coordinate of a pixel in a
first block of the n blocks;

determining the brightness value for which a SAD cor-
responding to the brightness value and the first brightness
value is the minimum, in brightness parameters at the second
time, as the second brightness value;

wherein the SAD corresponding to the first brightness

value and a detected brightness value is determined as
follows:
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SADGw = 3 DA D= frrli+u, j+ 0,

=0

A indicates the number of rows of the pixels in the first
block, B indicates the number of columns of the pixels in the
first block, wherein A and B are both integers greater than 1;
(i+u, j+v) indicates a coordinate on a display screen obtained
by shifting the first coordinate by u units horizontally and by
v units vertically, f,(i, j) indicates the first brightness value;
and f, | (i+u, j+v) indicates the brightness value correspond-
ing to the coordinate (i+u, j+v) in the brightness parameters
at the second time.

Preferably, determining the motion compensation param-
eter corresponding to the first coordinate and the median
frame interpolation parameter corresponding to the first
coordinate may further comprise:

determining the motion compensation parameter corre-
sponding to the first coordinate based on the first coordinate,
the first brightness value and the second brightness value;

determining the median frame interpolation parameter
corresponding to the first coordinate based on the first
coordinate and the brightness parameters at the second time;

wherein the brightness compensation parameter is deter-
mined as follows:

ks (ks
Soneli = £(i= 52 5= 3 ) 00 a0 = i1+ 5. 7+ 5 )

wherein k indicates an average of a row coordinate of the
first coordinate and a row coordinate of the coordinate
corresponding to the second brightness value; s indicates an
average of a column coordinate of the first coordinate and a
column coordinate of the coordinate corresponding to the
second brightness value;

-t )

indicates the brightness parameters including the first bright-
ness value and the coordinate

k) L ks
(1—5,1—5]»?111 fr—l(l+§aj+§)

is the brightness parameters including the second brightness
value and the coordinate

(+3.+3)
L 2’1 5 )

wherein the median frame interpolation parameter corre-
sponding to a first coordinate is determined as follows:

LAt D+ fia G D]

Jim (s ) = 2
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wherein f,(i, j) is the first brightness value, and £, | (i, j) is
a brightness value corresponding to a coordinate of the first
coordinate, in the brightness parameters at the second time.

According to a second aspect of embodiments of the
present disclosure, an image compensation apparatus is
provided, and the apparatus may include:

a first determining module, configured to determine, as a
second brightness value, a brightness value for which a Sum
of Absolute Difference (SAD) corresponding to the bright-
ness value and a first brightness value is the minimum, in
brightness parameters of a second image displayed at a
second time, the first brightness value is a brightness value
in brightness parameters of a first image displayed at a first
time and the second time is a time previous the first time;

a second determining module, configured to determine a
membership degree corresponding to a target SAD, wherein
the target SAD is a SAD corresponding to the first brightness
value and the second brightness value;

a third determining module, configured to determine a
motion compensation parameter corresponding to a first
coordinate and a median frame interpolation parameter
corresponding to the first coordinate, wherein the first coor-
dinate is a coordinate corresponding to the first brightness
value in the brightness parameters at the first time;

a fourth determining module, configured to determine a
brightness compensation parameter corresponding to the
first coordinate based on the membership degree corre-
sponding to the target SAD, the motion compensation
parameter corresponding to the first coordinate and the
median frame interpolation parameter corresponding to the
first coordinate;

a compensation module, configured to perform an image
compensation so as to display a compensated image at a time
between the second time and the first time based on the
brightness compensation parameter corresponding to the
first coordinate;

wherein the brightness compensation parameter is deter-
mined as follows:

SinsGIY =2 FrnorEN+(1=t)*fi (2:]),

wherein u indicates the membership degree correspond-
ing to the target SAD, (i, j) indicates the first coordinate,
f,.s(i, j) indicates the brightness compensation parameter
corresponding to the first coordinate, f,,,,.(i, j) indicates the
motion compensation parameter corresponding to the first
coordinate; and f,,,,(i, j) indicates the median frame interpo-
lation parameter corresponding to the first coordinate.

Preferably, the second determining module is configured
to:

compare the target SAD with preset threshold parameters;

determine the membership degree corresponding to the
target SAD according to the comparison result,

wherein the membership degree corresponding to the
target SAD is determined as follows:

0 (SAD < a||SAD = f)

[SAD - a)?

m (a<SAD < b)

_ M (b<SAD < ¢)
(c=b)lc-a) - -

“= 1 c<SAD<d) °

[a — SAD)?

m (d<SAD<e)

[c — SADJ?
- m (e<SAD < f)
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wherein u indicates the membership degree correspond-
ing to the target SAD; a, b, ¢, d, e and f indicate the preset
threshold parameters respectively, in which a<b<c<d<e<f;
and SAD=a||SAD=f means SAD=a or SAD=f.

Preferably, the image compensation apparatus may fur-
ther include:

a fifth determining module, configured to determine, as a
third brightness value, a brightness value for which a SAD
corresponding to the brightness value and the first brightness
value is the minimum, in brightness parameters of a third
image displayed at a third time, the third time is a time next
the first time;

a sixth determining module, configured to determine, as a
fourth brightness value, a brightness value for which a SAD
corresponding to the brightness value and the first brightness
value is the minimum, in brightness parameters of a fourth
image displayed at a fourth time, the fourth time is a time
next the third time;

a seventh determining module, configured to determine a
first variance between the target SAD and a first adjusted
SAD, the first adjusted SAD is a SAD corresponding to the
first brightness value and the third brightness value;

an eighth determining module, configured to determine a
second variance among the target SAD, the first adjusted
SAD and a second adjusted SAD, the second adjusted SAD
is a SAD corresponding to the first brightness value and the
fourth brightness value;

a comparison module, configured to compare the second
variance with the first variance;

a first adjusting module, configured to adjust values of a
and f'so as to reduce a and increase f, if the second variance
is greater than the first variance; and

a second adjusting module, configured to adjust values of
¢ and d so as to increase ¢ and reduce d, if the second
variance is smaller than the first variance.

Preferably, the first determining module is configured to:

group a plurality of pixels of a display screen into n
blocks, each blocks having the same numbers of pixels in
rows (A) and columns (B), wherein n is an integer greater
than 0;

determine a SAD corresponding to the first brightness
value and a detected brightness value based on the first
brightness value, the first coordinate and the brightness
parameters at the second time, the detected brightness value
is a brightness value in the brightness parameters at the
second time and corresponds to a coordinate of a pixel in a
first block of the n blocks;

determine the brightness value for which a SAD corre-
sponding to the brightness value and the first brightness
value is the minimum, in brightness parameters at the second
time, as the second brightness value;

wherein the SAD corresponding to the first brightness
value and the detected brightness value is determined as
follows:

_1 B—

DTG D= fiorlitu, j+ 0,

=0

SAD,,) =

A indicates the number of rows of the pixels in the first
block, B indicates the number of columns of the pixels in the
first block, wherein A and B are both integers greater than 1;
(i+u, j+v) indicates a coordinate on a display screen obtained
by shifting the first coordinate by u units horizontally and by
v units vertically, f,(i, j) indicates the first brightness value;



US 9,947,082 B2

7

and f, | (i+u, j+v) indicates the brightness value correspond-
ing to the coordinate (i+u, j+v) in the brightness parameters
at the second time.
Preferably, the third determining module is configured to:
determine the motion compensation parameter corre-
sponding to the first coordinate based on the first coordinate,
the first brightness value and the second brightness value;
determine the median frame interpolation parameter cor-
responding to the first coordinate based on the first coordi-
nate and the brightness parameters at the second time;
wherein the brightness compensation parameter is deter-
mined as follows:

Lo ks L ks
Snove(ls J) = fr(l 3 J- 5), T, fnove (1, J) = fr—l(l + 3 J+ 5),

k indicates an average of a row coordinate of the first
coordinate and a row coordinate of the coordinate corre-
sponding to the second brightness value; s indicates an
average of a column coordinate of the first coordinate and a
column coordinate of the coordinate corresponding to the
second brightness value;

h)

indicates the brightness parameters including the first bright-
ness value and the coordinate

AP L ks
(1—5,1—5]»?111 fr—l(l+§aj+§)

is the brightness parameters including the second brightness
value and the coordinate

(43
L Z’J 5 )

wherein the median frame interpolation parameter corre-
sponding to a first coordinate is determined as follows:

Flls = LAG D +2fr—1(i, J')]’

f(i, j) is the first brightness value, and f, (i, j) is a
brightness value corresponding to a coordinate of the first
coordinate, in the brightness parameters at the second time.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to illustrate the technical solutions of the embodi-
ment of the present disclosure or the prior art, the accom-
pany figures will be simply introduced. It is obvious that the
following figures only show some embodiments of the
present disclosure and those skilled in the art may obtain
other figures according to these figures without any inven-
tive labors.

FIG. 1 is a flow diagram of an image compensation
method according to an embodiment of the disclosure;
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FIG. 2 is a flow diagram of an image compensation
method according to another embodiment of the disclosure;

FIG. 3 is a flow diagram of a method for determining a
second brightness value according to an embodiment of the
disclosure;

FIG. 4 is a schematic diagram of a display screen accord-
ing to an embodiment of the disclosure;

FIG. 5 is a flow diagram of a method for determining a
membership degree according to an embodiment of the
disclosure;

FIG. 6 is a schematic diagram of an image compensation
apparatus according to an embodiment of the disclosure; and

FIG. 7 is a schematic diagram of an image compensation
apparatus according to another embodiment of the disclo-
sure.

The embodiments of the present disclosure are discussed
with reference to the drawings, wherein the description
thereof will be discussed in details. These drawings and
description thereof are used merely to describe an inventive
concept of the disclosure and are not intended to limit the
present disclosure.

DETAILED DESCRIPTION

The above and other objects, features, and advantages of
the present disclosure will become apparent from the fol-
lowing descriptions on embodiments of the present disclo-
sure with reference to the drawings.

According to an embodiment of the disclosure, an image
compensation method is provided. As shown in FIG. 1, the
image compensation method may include:

in step 101, determining, as a second brightness value, a
brightness value for which a SAD corresponding to the
brightness value and a first brightness value is the minimum,
in brightness parameters of a second image displayed at a
second time, the first brightness value is a brightness value
in brightness parameters of a first image displayed at a first
time and the second time is a time previous the first time;

In step 102, a membership degree corresponding to a
target SAD is determined, wherein the target SAD is a SAD
corresponding to the first brightness value and the second
brightness value.

In step 103, a motion compensation parameter corre-
sponding to a first coordinate and a median frame interpo-
lation parameter corresponding to the first coordinate are
determined, wherein the first coordinate is a coordinate
corresponding to the first brightness value in the brightness
parameters at the first time.

In step 104, a brightness compensation parameter corre-
sponding to the first coordinate is determined based on the
membership degree corresponding to the target SAD, the
motion compensation parameter corresponding to the first
coordinate and the median frame interpolation parameter
corresponding to the first coordinate.

In step 105, an image compensation is performed so as to
display a compensated image at a time between the second
time and the first time, based on the brightness compensation
parameter corresponding to the first coordinate.

The brightness compensation parameter can be deter-
mined as follows:

SinsGIY = o N+ (A=) fi(E.1),
wherein u indicates the membership degree correspond-
ing to the target SAD, (i, j) indicates the first coordinate,
f..s(1, j) indicates the brightness compensation parameter
corresponding to the first coordinate, f,,,.(i, j) indicates the
motion compensation parameter corresponding to the first
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coordinate; and f,,,,(i, j) indicates the median frame interpo-
lation parameter corresponding to the first coordinate.

In view of above, in the image compensation method
according to the embodiment of the disclosure, the mem-
bership degree is firstly determined based on a SAD corre-
sponding to the first and the second brightness values, and
then ratios of the motion compensation parameter and the
median frame interpolation parameter occupying in the
process of calculating the brightness compensation param-
eter is determined based on the membership degree. Since
the median frame interpolation parameter is a part of the
brightness compensation parameter, the part occupied by the
motion compensation parameter is decreased. The bright-
ness compensation value and the coordinate corresponding
to it are both unique in the median frame interpolation
parameter, which means that there is no error in the median
frame interpolation parameter, reducing an error in the
brightness compensation parameter and improving an effect
on brightness compensation.

Preferably, the step 102 may include:

comparing the target SAD with preset threshold param-
eters;

determining the membership degree corresponding to the
target SAD according to the comparison result,

wherein the membership degree corresponding to the
target SAD may be determined as follows:

0 (SAD < al|SAD = f)
[SAD —a]® —SAD <b
C-ae-a NP
[SAD —c]? b < SAD <
Teobe-a  PEP=9
u= 1 c<SAD<d)
[a - SAD]? J<SAD<
b-ac-a  @=P=9
[c — SADJ?  SAD <
T be-a ENPED

wherein u indicates the membership degree correspond-
ing to the target SAD; a, b, ¢, d, e and f indicate the preset
threshold parameters respectively, in which a<b<c<d<e<f;
and SAD=a||[SAD=f means SAD=a or SAD=f.

After the step 101, the image compensation method may
further include:

determining, as a third brightness value, a brightness
value for which a SAD corresponding to the brightness
value and the first brightness value is the minimum, in
brightness parameters of a third image displayed at a third
time, the third time is a time next the first time;

determining, as a fourth brightness value, a brightness
value for which a SAD corresponding to the brightness
value and the first brightness value is the minimum, in
brightness parameters of a fourth image displayed at a fourth
time, the fourth time is a time next the third time;

determining a first variance between the target SAD and
a first adjusted SAD, the first adjusted SAD is a SAD
corresponding to the first brightness value and the third
brightness value;

determining a second variance among the target SAD, the
first adjusted SAD and a second adjusted SAD, the second
adjusted SAD is a SAD corresponding to the first brightness
value and the fourth brightness value;
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comparing the second variance with the first variance;

if the second variance is greater than the first variance,
adjusting values of a and f so as to reduce a and increase f}
and

if the second variance is smaller than the first variance,
adjusting values of ¢ and d so as to increase ¢ and reduce d.

For example, the step 101 may include:

grouping a plurality of pixels of a display screen into n
blocks, each block having the same numbers of pixels in
rows (A) and columns (B), wherein n is an integer greater
than 0;

determining a SAD corresponding to the first brightness
value and a detected brightness value based on the first
brightness value, the first coordinate and the brightness
parameters at the second time, the detected brightness value
is a brightness value in the brightness parameters at the
second time and corresponds to a coordinate of a pixel in a
first block of the n blocks;

determining the brightness value for which a SAD cor-
responding to the brightness value and the first brightness
value is the minimum, in brightness parameters at the second
time, as the second brightness value;

wherein the SAD corresponding to the first brightness
value and a detected brightness value may be determined as
follows:

~1B8-

DA D= fralitu, )L

=0 j

SADq) =

A indicates the number of rows of the pixels in the first
block, B indicates the number of columns of the pixels in the
first block, wherein A and B are both integers greater than 1;
(i+u, j+v) indicates a coordinate on a display screen obtained
by shifting the first coordinate by u units horizontally and by
v units vertically, £(i, j) indicates the first brightness value;
and f, | (i+u, j+v) indicates the brightness value correspond-
ing to the coordinate (i+u, j+v) in the brightness parameters
at the second time.

Preferably, the step 103 may include:

determining the motion compensation parameter corre-
sponding to the first coordinate based on the first coordinate,
the first brightness value and the second brightness value;

determining the median frame interpolation parameter
corresponding to the first coordinate based on the first
coordinate and the brightness parameters at the second time;

wherein the brightness compensation parameter may be
determined as follows:

(ks
Frovell, )= ﬁ(z -5.0- 5],
or,

o (.+k .+s]
Snove(ls J) = fim1| i zaj 7)

wherein k indicates an average of a row coordinate of the
first coordinate and a row coordinate of the coordinate
corresponding to the second brightness value; s indicates an
average of a column coordinate of the first coordinate and a
column coordinate of the coordinate corresponding to the
second brightness value;

-5
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indicates the brightness parameters including the first bright-
ness value and the coordinate

is the brightness parameters including the second brightness
value and the coordinate

wherein the median frame interpolation parameter corre-
sponding to a first coordinate may be determined as follows:

ol J) = A6 J) +2fr—l(ls /)],

wherein f,(i, j) is the first brightness value, and £, | (i, j) is
a brightness value corresponding to a coordinate of the first
coordinate, in the brightness parameters at the second time.

According to another embodiment of the present disclo-
sure, an image compensation method is provided. As shown
in FIG. 2, the image compensation method may include:

in step 201, determining, as a second brightness value, a
brightness value for which a SAD corresponding to the
brightness value and a first brightness value is the minimum,
in brightness parameters of a second image displayed at a
second time, the first brightness value is a brightness value
in brightness parameters of a first image displayed at a first
time and the second time is a time previous the first time.

As shown in FIG. 3, the step 201 may include:

in step 2011, grouping a plurality of pixels of a display
screen into n blocks.

For example, the plurality of pixels are arranged in a
matrix. After grouping the plurality of pixels into n blocks,
each block has the same numbers of pixels in rows (A) and
columns (B), i.e. each block has the same numbers of pixels
as others, wherein n is an integer greater than 0. As shown
in FIG. 4, there are 48 pixels on the display screen 0. The 48
pixels are arranged in a matrix of 6 rows and 8 columns, and
can be grouped into 12 blocks (represented by M), wherein
each block M may include 4 pixels. It should be noted that
FIG. 4 is only an example of one of embodiments of the
disclosure. The pixels of the display screen can be grouped
into more blocks or fewer blocks, and the number of the
blocks is not defined in the disclosure.

In step 2012, a SAD corresponding to the first brightness
value and a detected brightness value is determined based on
the first brightness value, the first coordinate and the bright-
ness parameters at the second time.

Preferably, the brightness parameters at the first time may
include a coordinate of each pixel on the display screen and
a corresponding brightness value of the pixel, wherein the
coordinate and the brightness value of the pixel corresponds
with each other in the brightness parameters. At the first
time, the display apparatus may control a brightness value of
respective pixel to be equal to the brightness value corre-
sponding to the coordinate of the pixel in the brightness
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parameters at the first time, according to the brightness
parameters at the first time, such that the display screen may
display the first image at the first time. Furthermore, the
brightness parameters at the second time may include a
coordinate of each pixel on the display screen and a corre-
sponding brightness value of the pixel, wherein the coordi-
nate and the brightness value of the pixel corresponds with
each other in the brightness parameters. At the second time,
the display apparatus may control a brightness value of
respective pixel to be equal to the brightness value corre-
sponding to the coordinate of the pixel in the brightness
parameters at the second time, according to the brightness
parameters at the second time, such that the display screen
may display the second image at the second time.

It should be noted that the second time is a time previous
the first time, and the first brightness value is a brightness
value in brightness parameters at the first time. The detected
brightness value is a brightness value in the brightness
parameters at the second time and corresponds to a coordi-
nate of a pixel in a first block of the n blocks. The specific
procedure of determining a SAD corresponding to the first
brightness value and a detected brightness value based on
the first brightness value, the first coordinate and the bright-
ness parameters at the second time has been discussed in the
prior art for determining a SAD corresponding to two
brightness values, and thus it will not be discussed in details.

For example, the SAD corresponding to the first bright-
ness value and the detected brightness value may be deter-
mined as follows:

—18-1

DUUAG D= falitu, j+ ),

i=0 =

SADq) =

A indicates the number of rows of the pixels in the first
block, B indicates the number of columns of the pixels in the
first block; (i+u, j+v) indicates a coordinate on a display
screen obtained by shifting the first coordinate by u units
horizontally and by v units vertically, f(i, j) indicates the
first brightness value; and f, ;(i+u, j+v) indicates the bright-
ness value corresponding to the coordinate (i+u, j+v) in the
brightness parameters at the second time.

In step 2013, a brightness value for which a SAD corre-
sponding to the brightness value and the first brightness
value is the minimum, in brightness parameters at the second
time, is determined as the second brightness value.

After determining the SADs corresponding to the first
brightness value and a detected brightness value, a bright-
ness value for which a SAD corresponding to the brightness
value and the first brightness value is the minimum among
those SADs, is determined as the second brightness value. It
should be noted that SAD can indicate a similarity between
two brightness values, in particular, the smaller a SAD is, the
greater the similarity becomes. Since the SAD corresponds
to the first brightness value and the second brightness value
is the minimum in the brightness parameters at the second
time, these two brightness values are most similar.

In step 202, a membership degree corresponding to a
target SAD is determined, wherein the target SAD is a SAD
corresponding to the first brightness value and the second
brightness value.

Although the determination of a membership degree
corresponding to a target SAD based on the target SAD and
preset threshold parameters is illustrated in the disclosure,
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the membership degree corresponding to a target SAD may
be determined by using other methods.

As shown in FIG. 5, the step 202 may include:

in step 2021, comparing the target SAD with preset
threshold parameters.

For example, the target SAD is a SAD corresponding to
the first and the second brightness values. Since in step 201,
a brightness value for which a SAD corresponding to the
first brightness value and the brightness value is the mini-
mum, in the brightness parameters at the second time, is
determined as the second brightness value, a SAD corre-
sponding to the first brightness value and the second bright-
ness value can be determined as the target SAD. Preferably,
there may be a plurality of threshold parameters and n the
target SAD can be compared with each of the threshold
parameters.

In step 2022, the membership degree corresponding to the
target SAD is determined according to the comparison
result.

Preferably, the preset threshold parameters may be a, b, c,
d, e and f. If the comparison result in step 2021 is the target
SADx=a or the target SAD=f, the membership degree corre-
sponding to the target SAD is determined as u=0; if the
comparison result in step 2021 is a<the target SAD=<b, the
membership degree is determined as

_ [SAD-c]*
“Cl-ae-a

if the comparison result in step 2021 is b=the target SAD=c,
the membership degree is determined as

_ [SAD - c]*
T T e-blc-a)

if the comparison result in step 2021 is c<the target SAD=d,
the membership degree is determined as u=1; if the com-
parison result in step 2021 is ds<the target SAD=e, the
membership degree is determined as

_ [a-SAD]
“Cl-ae-a

and if the comparison result in step 2021 is e<the target
SAD=f, the membership degree is determined as

_ [c — SAD]?
T T e-be-a)”

For example, the membership degree corresponding to the
target SAD may be determined as follows:
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0 (SAD < a| SAD = f)

[SAD —a]® —SAD <b
b-aC-a (a=SAD=0)

[SAD —c]? b < SAD <
Teobe-a =M=
u= 1 (c<SAD < d)

[a — SAD)? J<SAD <
b—ak-a d=5AD=e)

[c — SADJ?  SAD <
Tlobe-a C=HP=D

wherein u indicates the membership degree correspond-
ing to the target SAD; a, b, ¢, d, e and f indicate the preset
threshold parameters respectively, in which a<b<c<d<e<f;
and SAD=a||SAD=f means SAD=a or SAD=f.

In step 203, a motion compensation parameter corre-
sponding to a first coordinate and a median frame interpo-
lation parameter corresponding to the first coordinate may
be determined, wherein the first coordinate is a coordinate
corresponding to the first brightness value in the brightness
parameters at the first time.

According to an aspect of embodiments of the disclosure,
the motion compensation parameter corresponding to the
first coordinate can be determined based on the first coor-
dinate, the first brightness value and the second brightness
value, as follows:

ks (ks
Soneli = £(i= 52 5= 3 ) 00 a0 = i1+ 5. 7+ 5 )

k indicates an average of a row coordinate of the first
coordinate and a row coordinate of the coordinate corre-
sponding to the second brightness value; s indicates an
average of a column coordinate of the first coordinate and a
column coordinate of the coordinate corresponding to the
second brightness value;

43)

indicates the brightness parameters including the first bright-
ness value and the coordinate

. ko5 g .+k S
(Z—E,J—z),an fr—l(l 5 5)

is the brightness parameters including the second brightness
value and the coordinate

For example, if the first coordinate is (1, 2), the coordinate
corresponding to the second brightness value is (1, 4), and
the first brightness value is G, an average k of a row
coordinate of the first coordinate and a row coordinate of the
coordinate corresponding to the second brightness value can
be determined as 1, and an average s of a column coordinate
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of the first coordinate and a column coordinate of the
coordinate corresponding to the second brightness value can
be determined as 3. Thus, the motion compensation param-
eter corresponding to the first coordinate can be derived
according to the above equation, and may include a coor-
dinate of a pixel which located at (1, 3) and its brightness
value G.

In another aspect, the median frame interpolation param-
eter corresponding to the first coordinate may be determined
based on the first coordinate and the brightness parameters
at the second time:

Folis )= [fr(l/)+72fr—1(l/)]

wherein f(i, j) is the first brightness value, £, (i, j) is a
brightness value corresponding to a coordinate of the first
coordinate, in the brightness parameters at the second time.

For example, it is assumed that the first coordinate is (1,
2), the brightness value corresponding to the first coordinate
is G, a coordinate corresponding to a coordinate of the first
coordinate in the brightness parameters at the second time is
(1, 2), and a brightness value corresponding to a coordinate
(1, 2) of the first coordinate in the brightness parameters at
the second time is J. Thus, the median frame interpolation
parameter corresponding to the first coordinate can be
derived according to the above equation, and may include a
coordinate of a pixel which located at (1, 2) and its bright-
ness value

G+J

In step 204, a brightness compensation parameter corre-
sponding to the first coordinate is determined based on the
membership degree corresponding to the target SAD, the
motion compensation parameter corresponding to the first
coordinate and the median frame interpolation parameter
corresponding to the first coordinate.

Preferably, after determining the motion compensation
parameter corresponding to the first coordinate and the
median frame interpolation parameter corresponding to the
first coordinate in step 203 and determining the membership
degree corresponding to the target SAD in step 202, in step
204, the brightness compensation parameter corresponding
to the first coordinate may be determined based on the
motion compensation parameter, the median frame interpo-
lation parameter and the membership degree:

SinsGIY =2 FrnorEN+(1=t)*fi (2:]),

wherein u indicates the membership degree correspond-
ing to the target SAD, (i, j) indicates the first coordinate,
f,.(, j) indicates the brightness compensation parameter
corresponding to the first coordinate, f,,,,.(i, j) indicates the
motion compensation parameter corresponding to the first
coordinate; and f,,,,(i, j) indicates the median frame interpo-
lation parameter corresponding to the first coordinate.

In step 205, an image compensation is performed so as to
display a compensated image at a time between the second
time and the first time, based on the brightness compensation
parameter corresponding to the first coordinate.

For example, after determining the brightness compensa-
tion parameter corresponding to the first coordinate, at a
midpoint time of the first time and the second time, the
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display apparatus may control a brightness value of a pixel
to be equal to the brightness value corresponding the coor-
dinate of the pixel on the display screen in the brightness
compensation parameter, according to the brightness com-
pensation parameter, such that the display screen can display
an image displayed at the midpoint time, compensating the
images displayed at the first time and the second time.

In step 206, the values of the preset threshold parameters
can be adjusted.

It should be noted that after step 201, a brightness value
for which a SAD corresponding to the brightness value and
a first brightness value is the minimum, in brightness param-
eters of a third image displayed at a third time may be further
determined as a third brightness value, and a brightness
value for which a SAD corresponding to the brightness
value and a first brightness value is the minimum, in
brightness parameters of a fourth image displayed at a fourth
time may be further determined as a fourth brightness value.
The third time is a time after the first time, and the fourth
time is a time after the third time. A SAD corresponding to
the first brightness value and the third brightness value is a
first adjusted SAD, a SAD corresponding to the first bright-
ness value and the fourth brightness value is a second
adjusted SAD. A first variance between the target SAD and
the first adjusted SAD is determined, and a second variance
among the target SAD, the first adjusted SAD and the second
adjusted SAD is determined. Then, the first variance and the
second variance are compared with each other. If the second
variance is greater than the first variance, adjust the values
of a and f, so as to reduce a and increase f; and if the second
variance is smaller than the first variance, adjust the values
of ¢ and d, so as to increase ¢ and reduce d.

If the image displayed at the first time and the image
displayed at the second time are very similar with each other,
there may be a plurality of brightness values for which SAD
corresponding to the respective brightness value and the first
brightness value is the minimum, i.e. there may be a
plurality of target SADs. In this case, since the target SAD
is small and it is less than the smallest parameter a of the
threshold parameters, the membership degree corresponding
to a target SAD which is determined based on the target
SAD should be determined as 0. By combining with the
above equation for calculating the brightness compensation
parameter, it may lead to f,, (i, j)=f,,,(i, j), which means that
the brightness compensation parameter can be determined
regardless the motion compensation parameter, but only
associated with the median frame interpolation parameter.
Since the brightness compensation value and the corre-
sponding coordinate are both unique in the median frame
interpolation parameter (which means that the median frame
interpolation parameter has no error), it may lead to reduce
an error in the brightness compensation parameter and to
improve an effect on brightness compensation.

It should be noted that the sequence of steps of the image
compensation method according to embodiments of the
disclosure can be appropriately adjusted. Some steps can be
omitted or additional other steps may be further included. It
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the example embodiments of the present
disclosure as defined by the appended claims.

As shown in FIG. 6, according to an embodiment of the
present disclosure, an image compensation apparatus 30 is
provided, and the apparatus 30 may include:

a first determining module 301, configured to determine,
as a second brightness value, a brightness value for which a
SAD corresponding to the brightness value and a first
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brightness value is the minimum, in brightness parameters
of a second image displayed at a second time, the first
brightness value is a brightness value in brightness param-
eters of a first image displayed at a first time and the second
time is a time previous the first time;

a second determining module 302, configured to deter-
mine a membership degree corresponding to a target SAD,
wherein the target SAD is a SAD corresponding to the first
brightness value and the second brightness value;

a third determining module 303, configured to determine
a motion compensation parameter corresponding to a first
coordinate and a median frame interpolation parameter
corresponding to the first coordinate, wherein the first coor-
dinate is a coordinate corresponding to the first brightness
value in the brightness parameters at the first time;

a fourth determining module 304, configured to determine
a brightness compensation parameter corresponding to the
first coordinate based on the membership degree corre-
sponding to the target SAD, the motion compensation
parameter corresponding to the first coordinate and the
median frame interpolation parameter corresponding to the
first coordinate;

a compensation module 305, configured to perform an
image compensation so as to display a compensated image
at a time between the second time and the first time based on
the brightness compensation parameter corresponding to the
first coordinate.

The brightness compensation parameter may be deter-
mined as follows:

Jins @7 Frore G+ Fo (11),

wherein u indicates the membership degree correspond-
ing to the target SAD, (i, j) indicates the first coordinate,
f,.s(i, j) indicates the brightness compensation parameter
corresponding to the first coordinate, f,,, (1, j) indicates the
motion compensation parameter corresponding to the first
coordinate; and f, (i, j) indicates the median frame interpo-
lation parameter corresponding to the first coordinate.

In view of above, in the image compensation apparatus
according to the embodiment of the present disclosure, the
second determining module may determine the membership
degree based on a SAD corresponding to the first brightness
value and the second brightness value, and the fourth
determining module may determine ratios of the motion
compensation parameter and the median frame interpolation
parameter occupying in the process of calculating the bright-
ness compensation parameter based on the membership
degree. Since the median frame interpolation parameter is a
part of the brightness compensation parameter, the part
occupied by the motion compensation parameter is
decreased. The brightness compensation value and the cor-
responding coordinate are both unique in the median frame
interpolation parameter, which means that there is no error
in the median frame interpolation parameter, reducing an
error in the brightness compensation parameter and improv-
ing an effect on brightness compensation.

Preferably, the second determining module 302 can be
configured to:

compare the target SAD with preset threshold parameters;

determine the membership degree corresponding to the
target SAD according to the comparison result,

wherein the membership degree corresponding to the
target SAD may be determined as follows:
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0 (SAD < a| SAD = f)
[SAD —a]® —SAD <b
b-aC-a (a=SAD=0)
[SAD —c]? b < SAD <
Teobe-a =M=
u= 1 c<SAD=<d) °
[a — SAD)? J<SAD <
b-aC-a (@=sb=c)
[c — SADJ?  SAD <
T be-a  ENPED

wherein u indicates the membership degree correspond-
ing to the target SAD; a, b, ¢, d, e and f indicate the preset
threshold parameters respectively, in which a<b<c<d<e<f;
and SAD=a||SAD=f means SAD=a or SAD=f.

As shown in FIG. 7, according to an embodiment of the
present disclosure, an image compensation apparatus 30 is
provided, and the apparatus 30 may include:

a first determining module 301, configured to determine,
as a second brightness value, a brightness value for which a
SAD corresponding to the brightness value and a first
brightness value is the minimum, in brightness parameters
of a second image displayed at a second time, the first
brightness value is a brightness value in brightness param-
eters of a first image displayed at a first time and the second
time is a time previous the first time;

a second determining module 302 configured to determine
a membership degree corresponding to a target SAD,
wherein the target SAD is a SAD corresponding to the first
brightness value and the second brightness value;

a third determining module 303 configured to determine
a motion compensation parameter corresponding to a first
coordinate and a median frame interpolation parameter
corresponding to the first coordinate, wherein the first coor-
dinate is a coordinate corresponding to the first brightness
value in the brightness parameters at the first time;

a fourth determining module 304 configured to determine
a brightness compensation parameter corresponding to the
first coordinate based on the membership degree corre-
sponding to the target SAD, the motion compensation
parameter corresponding to the first coordinate and the
median frame interpolation parameter corresponding to the
first coordinate;

a compensation module 305, configured to perform an
image compensation so as to display a compensated image
at a time between the second time and the first time based on
the brightness compensation parameter corresponding to the
first coordinate;

a fifth determining module 306, configured to determine,
as a third brightness value, a brightness value for which a
SAD corresponding to the brightness value and the first
brightness value is the minimum, in brightness parameters
of a third image displayed at a third time, the third time is
a time next the first time;

a sixth determining module 307, configured to determine,
as a fourth brightness value, a brightness value for which a
SAD corresponding to the brightness value and the first
brightness value is the minimum, in brightness parameters
of a fourth image displayed at a fourth time, the fourth time
is a time next the third time;

a seventh determining module 308, configured to deter-
mine a first variance between the target SAD and a first
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adjusted SAD, the first adjusted SAD is a SAD correspond-
ing to the first brightness value and the third brightness
value;

an eighth determining module 309, configured to deter-
mine a second variance among the target SAD, the first
adjusted SAD and a second adjusted SAD, the second
adjusted SAD is a SAD corresponding to the first brightness
value and the fourth brightness value;

a comparison module 310, configured to compare the
second variance with the first variance;

a first adjusting module 311, configured to adjust the
values of a and f so as to reduce a and increase f, if the
second variance is greater than the first variance; and

a second adjusting module 312, configured to adjust the
values of ¢ and d so as to increase ¢ and reduce d, if the
second variance is smaller than the first variance.

The brightness compensation parameter may be deter-
mined as follows:

SinsGIY =2 FrnorEN+(1=t)*fi (2:]),

wherein u indicates the membership degree correspond-
ing to the target SAD, (i, j) indicates the first coordinate,
f,.s(i, j) indicates the brightness compensation parameter
corresponding to the first coordinate, f,,, (1, j) indicates the
motion compensation parameter corresponding to the first
coordinate; and f,,,,(i, j) indicates the median frame interpo-
lation parameter corresponding to the first coordinate.

Preferably, the first determining module 301 can be con-
figured to:

group a plurality of pixels into n blocks, each block
having the same numbers of pixels in rows (A) and columns
(B), wherein n is an integer greater than 0;

determine a SAD corresponding to the first brightness
value and a detected brightness value based on the first
brightness value, the first coordinate and the brightness
parameters at the second time, the detected brightness value
is a brightness value in the brightness parameters at the
second time and corresponds to a coordinate of a pixel in a
first block of the n blocks;

determine, as the second brightness value, the brightness
value for which a SAD corresponding to the brightness
value and the first brightness value is the minimum, in
brightness parameters at the second time;

wherein the SAD corresponding to the first brightness
value and the detected brightness value may be determined
as follows:

18-1

SADg) = Ll ) = i u, jH+ V)

J=0 =

A indicates the number of rows of the pixels in the first
block, B indicates the number of columns of the pixels in the
first block; (i+u, j+v) indicates a coordinate on a display
screen obtained by shifting the first coordinate by u units
horizontally and by v units vertically, £,(i, j) indicates the
first brightness value; and f, ;(i+u, j+v) indicates the bright-
ness value corresponding to the coordinate (i+u, j+v) in the
brightness parameters at the second time.

Preferably, the third determining module 303 can be
configured to:

determine the motion compensation parameter corre-
sponding to the first coordinate based on the first coordinate,
the first brightness value and the second brightness value;
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determine the median frame interpolation parameter cor-
responding to the first coordinate based on the first coordi-
nate and the brightness parameters at the second time;

wherein the motion compensation parameter may be
determined as follows:

ks (ks
Soneli = £(i= 52 5= 3 ) 00 a0 = i1+ 5. 7+ 5 )

wherein k indicates an average of a row coordinate of the
first coordinate and a row coordinate of the coordinate
corresponding to the second brightness value; s indicates an
average of a column coordinate of the first coordinate and a
column coordinate of the coordinate corresponding to the
second brightness value;

-5

indicates the brightness parameters including the first bright-
ness value and the coordinate

. ko5 g .+k S
(Z—E,J—z),an fr—l(l 5 5)

is the brightness parameters including the second brightness
value and the coordinate

Lok sy
(44 02)

wherein the median frame interpolation parameter may be
determined as follows:

ol J) = LA ) +2f,71(l, /)],

wherein f(i, j) is the first brightness value, f, (i, j) is a
brightness value corresponding a coordinate of the first
coordinate, in the brightness parameters at the second time.

The foregoing detailed description has set forth various
embodiments of the devices and/or processes via the use of
block diagrams, flowcharts, and/or examples. Insofar as
such block diagrams, flowcharts, and/or examples contain
one or more functions and/or operations, it will be under-
stood by those within the art that each function and/or
operation within such block diagrams, flowcharts, or
examples may be implemented, individually and/or collec-
tively, by a wide range of hardware, software, firmware, or
virtually any combination thereof. In one embodiment,
several portions of the subject matter described herein may
be implemented via Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Arrays (FPGAs), digital
signal processors (DSPs), or other integrated formats. How-
ever, those skilled in the art will recognize that some aspects
of the embodiments disclosed herein, in whole or in part,
may be equivalently implemented in integrated circuits, as
one or more computer programs running on one or more
computers (e.g., as one or more programs running on one or
more computer systems), as one or more programs running
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on one or more processors (e.g., as one or more programs
running on one or more microprocessors), as firmware, or as
virtually any combination thereof, and that designing the
circuitry and/or writing the code for the software and or
firmware would be well within the skill of one of skill in the
art in light of this disclosure. In addition, those skilled in the
art will appreciate that the mechanisms of the subject matter
described herein are capable of being distributed as a
program product in a variety of forms, and that an illustra-
tive embodiment of the subject matter described herein
applies regardless of the particular type of signal bearing
medium used to actually carry out the distribution.
Examples of a signal bearing medium include, but are not
limited to, the following: a recordable type medium such as
a floppy disk, a hard disk drive, a Compact Disc (CD), a
Digital Video Disk (DVD), a digital tape, a computer
memory, etc.; and a transmission type medium such as a
digital and/or an analog communication medium (e.g., a
fiber optic cable, a waveguide, a wired communications link,
a wireless communication link, etc.).

While various aspects and embodiments have been dis-
closed herein, other aspects and embodiments will be appar-
ent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustra-
tion and are not intended to be limiting, with the true scope
and spirit being indicated by the following claims.

We claim:

1. An image compensation method comprising:

determining, as a second brightness value, a brightness
value for which a Sum of Absolute Difference (SAD)
corresponding to the brightness value and a first bright-
ness value is the minimum, in brightness parameters of
a second image displayed at a second time, the first
brightness value is a brightness value in brightness
parameters of a first image displayed at a first time and
the second time is a time previous the first time;

determining a membership degree corresponding to a
target SAD, wherein the target SAD is a SAD corre-
sponding to the first brightness value and the second
brightness value;

determining a motion compensation parameter corre-
sponding to a first coordinate and a median frame
interpolation parameter corresponding to the first coor-
dinate, wherein the first coordinate is a coordinate
corresponding to the first brightness value in the bright-
ness parameters of the first image displayed at the first
time;

determining a brightness compensation parameter corre-
sponding to the first coordinate based on the member-
ship degree corresponding to the target SAD, the
motion compensation parameter corresponding to the
first coordinate and the median frame interpolation
parameter corresponding to the first coordinate;

performing an image compensation so as to display a
compensated image at a time between the second time
and the first time based on the brightness compensation
parameter corresponding to the first coordinate;

wherein the brightness compensation parameter is deter-
mined as follows:

Sins(ls U gl N1 E, 1)

u indicates the membership degree corresponding to the
target SAD, (i, j) indicates the first coordinate, f,,, (i, j)
indicates the brightness compensation parameter cor-
responding to the first coordinate, f,,,,.(i, j) indicates
the motion compensation parameter corresponding to
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the first coordinate; and f,,(i, j) indicates the median
frame interpolation parameter corresponding to the first
coordinate.

2. The method of claim 1, wherein determining the
membership degree corresponding to a target SAD further
comprises:

comparing the target SAD with preset threshold param-

eters;

determining the membership degree corresponding to the

target SAD according to the comparison result;
wherein the membership degree corresponding to the
target SAD is determined as follows:

0 (SAD = a||SAD = f)
[SAD —a]® —SAD <b
b—ak-a (@=SAD=b)
[SAD — ¢T? b < SAD <
“he—a (0=S5AD=0
u= 1 c<SAD=<d) °
[a — SAD)? J<SAD <
b-aC-a (@=sb=e
[c — SADJ?  SAD <
Tlbe—a  €=WP=D

wherein u indicates the membership degree correspond-
ing to the target SAD; a, b, ¢, d, e and f indicate the
preset threshold parameters respectively, in which
a<b<c<d<e<f, and SAD=a||SAD=f means SAD=a or
SAD=f.

3. The method of claim 2, wherein after determining the

second brightness value, the method further comprises:

determining, as a third brightness value, a brightness
value for which a SAD corresponding to the brightness
value and the first brightness value is the minimum, in
brightness parameters of a third image displayed at a
third time, the third time is a time next the first time;

determining, as a fourth brightness value, a brightness
value for which a SAD corresponding to the brightness
value and the first brightness value is the minimum, in
brightness parameters of a fourth image displayed at a
fourth time, the fourth time is a time next the third time;

determining a first variance between the target SAD and
a first adjusted SAD, the first adjusted SAD is a SAD
corresponding to the first brightness value and the third
brightness value;

determining a second variance among the target SAD, the
first adjusted SAD and a second adjusted SAD, the
second adjusted SAD is a SAD corresponding to the
first brightness value and the fourth brightness value;

comparing the second variance with the first variance;

if the second variance is greater than the first variance,
adjusting the values of a and f so as to reduce a and
increase f; and

if the second variance is smaller than the first variance,
adjusting the values of ¢ and d so as to increase ¢ and
reduce d.

4. The method of claim 3, wherein determining the second

brightness value further comprises:

grouping a plurality of pixels of a display screen into n
blocks, each block having the same numbers of pixels
in rows and columns, wherein n is an integer greater
than 0;

determining a SAD corresponding to the first brightness
value and a detected brightness value based on the first
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brightness value, the first coordinate and the brightness
parameters of the second images displayed at the
second time, the detected brightness value is a bright-
ness value in the brightness parameters of the second
images displayed at the second time and corresponds to
a coordinate of a pixel in a first block of the n blocks;

determining the brightness value for which a SAD cor-
responding to the brightness value and the first bright-
ness value is the minimum, in brightness parameters of
the second image displayed at the second time, as the
second brightness value;

wherein the SAD corresponding to the first brightness
value and a detected brightness value is determined as
follows:

-18-1

DA D= fralitu, j+ ),

SAD, ) =
=0

.

A indicates the number of rows of the pixels in the first
block, B indicates the number of columns of the pixels
in the first block, wherein A and B are both integers
greater than 1; (i+u, j+v) indicates a coordinate on a
display screen obtained by shifting the first coordinate
by u units horizontally and by v units vertically, £(i, j)
indicates the first brightness value; and f, | (i+u, j+v)
indicates the brightness value corresponding to the
coordinate (i+u, j+v) in the brightness parameters of the
second images displayed at the second time.

5. The method of claim 1, wherein determining the motion
compensation parameter corresponding to the first coordi-
nate and the median frame interpolation parameter corre-
sponding to the first coordinate further comprises:

determining the motion compensation parameter corre-
sponding to the first coordinate based on the first
coordinate, the first brightness value and the second
brightness value;

determining the median frame interpolation parameter
corresponding to the first coordinate based on the first
coordinate and the brightness parameters of the second
image displayed at the second time;

wherein the motion compensation parameter is deter-
mined as follows:

N

. .k . ks
Smove(ds J) = ﬁ(z —5 2), T, fnove (1, J) = fr—l(l +5 0t 5),

wherein k indicates an average of a row coordinate of the
first coordinate and a row coordinate of the coordinate
corresponding to the second brightness value; s indi-
cates an average of a column coordinate of the first
coordinate and a column coordinate of the coordinate
corresponding to the second brightness value;

-4

indicates the brightness parameters including the first bright-
ness value and the coordinate

(_k_s]_d(_k_s)
i=5.j=5)an fHH'z,J*'z
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is the brightness parameters including the second brightness
value and the coordinate

Lok sy
(44 02)

wherein the median frame interpolation parameter corre-
sponding to a first coordinate is determined as follows:

LAG D+ fia G D]

Jim (s ) = 2

wherein f(i, j) is the first brightness value, and f, |(i, j) is
a brightness value corresponding a coordinate of the
first coordinate, in the brightness parameters of the
second image displayed at the second time.

6. An image compensation apparatus comprising:

a first determining module, configured to determine, as a
second brightness value, a brightness value for which a
Sum of Absolute Difference (SAD) corresponding to
the brightness value and a first brightness value is the
minimum, in brightness parameters of a second image
displayed at a second time, the first brightness value is
a brightness value in brightness parameters of a first
image displayed at a first time and the second time is a
time previous the first time;

a second determining module, configured to determine a
membership degree corresponding to a target SAD,
wherein the target SAD is a SAD corresponding to the
first brightness value and the second brightness value;

a third determining module, configured to determine a
motion compensation parameter corresponding to a
first coordinate and a median frame interpolation
parameter corresponding to the first coordinate,
wherein the first coordinate is a coordinate correspond-
ing to the first brightness value in the brightness
parameters of the first image displayed at the first time;

a fourth determining module, configured to determine a
brightness compensation parameter corresponding to
the first coordinate based on the membership degree
corresponding to the target SAD, the motion compen-
sation parameter corresponding to the first coordinate
and the median frame interpolation parameter corre-
sponding to the first coordinate;

a compensation module, configured to perform an image
compensation so as to display a compensated image at
a time between the second time and the first time based
on the brightness compensation parameter correspond-
ing to the first coordinate;

wherein the brightness compensation parameter is deter-
mined as follows:

Jins( D7 movel DHA=1) T, 1)

wherein u indicates the membership degree correspond-
ing to the target SAD, (i, j) indicates the first coordi-
nate, f,, (i, j) indicates the brightness compensation
parameter corresponding to the first coordinate, £, .(1,
j) indicates the motion compensation parameter corre-
sponding to the first coordinate; and f, (i, j) indicates
the median frame interpolation parameter correspond-
ing to the first coordinate.

7. The apparatus of claim 6, wherein the second deter-

mining module is further configured to:
compare the target SAD with preset threshold parameters;
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determine the membership degree corresponding to the
target SAD according to the comparison result;

wherein the membership degree corresponding to the
target SAD is determined as follows:

0 (SAD < a|| SAD = f)
[SAD —a]® —SAD<b
b-ac-a (a=SAD=0)
[SAD = ¢]? b < SAD <
Teobe-a  ERP=0
u= 1 (c <SAD < d)
[a - SAD]? J < SAD <
b-ac-a (@=sb=e
[c — SADJ?  SAD <
Teobe-a C=HP=D

wherein u indicates the membership degree correspond-
ing to the target SAD; a, b, ¢, d, e and f indicate the
preset threshold parameters respectively, in which
a<b<c<d<e<f, and SAD=a||SAD=f means SAD=a or
SAD=f.

8. The apparatus of claim 7, wherein the image compen-

sation apparatus further includes:

a fifth determining module, configured to determine, as a
third brightness value, a brightness value for which a
SAD corresponding to the brightness value and the first
brightness value is the minimum, in brightness param-
eters of a third image displayed at a third time, the third
time is a time next the first time;

a sixth determining module, configured to determine, as a
fourth brightness value, a brightness value for which a
SAD corresponding to the brightness value and the first
brightness value is the minimum, in brightness param-
eters of a fourth image displayed at a fourth time, the
fourth time is a time next the third time;

a seventh determining module, configured to determine a
first variance between the target SAD and a first
adjusted SAD, the first adjusted SAD is a SAD corre-
sponding to the first brightness value and the third
brightness value;

an eighth determining module, configured to determine a
second variance among the target SAD, the first
adjusted SAD and a second adjusted SAD, the second
adjusted SAD is a SAD corresponding to the first
brightness value and the fourth brightness value;

a comparison module, configured to compare the second
variance with the first variance;

a first adjusting module, configured to adjust the values of
a and f so as to reduce a and increase f, if the second
variance is greater than the first variance; and

a second adjusting module, configured to adjust the values
of ¢ and d so as to increase ¢ and reduce d, if the second
variance is smaller than the first variance.

9. The apparatus of claim 8, wherein the first determining

module is further configured to:

group a plurality of pixels into n blocks, each blocks
having the same numbers of pixels in rows (A) and
columns (B), wherein n is an integer greater than 0;

determine a SAD corresponding to the first brightness
value and a detected brightness value based on the first
brightness value, the first coordinate and the brightness
parameters of the second images displayed at the
second time, the detected brightness value is a bright-
ness value in the brightness parameters of the second
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images displayed at the second time and corresponds to
a coordinate of a pixel in a first block of the n blocks;

determine the brightness value for which a SAD corre-
sponding to the brightness value and the first brightness
value is the minimum, in brightness parameters of the
second image displayed at the second time, as the
second brightness value;

wherein the SAD corresponding to the first brightness

value and the detected brightness value is determined
as follows:

A-1B-

DTG D= firlitu, j+ 0,

=0

SADq) =

wherein A indicates the number of rows of the pixels in
the first block, B indicates the number of columns of
the pixels in the first block, wherein A and B are both
integers greater than 1; (i+u, j+v) indicates a coordinate
on a display screen obtained by shifting the first coor-
dinate by u units horizontally and by v units vertically,
f.(i, j) indicates the first brightness value; and f, ; (i+u,
j+v) indicates the brightness value corresponding to the
coordinate (i+u, j+v) in the brightness parameters of the
second images displayed at the second time.

10. The apparatus of claim 6, wherein the third determin-
ing module is further configured to:

determine the motion compensation parameter corre-
sponding to the first coordinate based on the first
coordinate, the first brightness value and the second
brightness value;

determine the median frame interpolation parameter cor-
responding to the first coordinate based on the first
coordinate and the brightness parameters of the second
image displayed at the second time;

wherein the motion compensation parameter is deter-
mined as follows:

.. ko .. koL
Snove(ls J) = fr(l 3 J- 5), T, frnove(l, J) = fr—l(l + 3 J+ 5),

k indicates an average of a row coordinate of the first
coordinate and a row coordinate of the coordinate
corresponding to the second brightness value; s indi-
cates an average of a column coordinate of the first
coordinate and a column coordinate of the coordinate
corresponding to the second brightness value;

-5

indicates the brightness parameters including the first bright-
ness value and the coordinate

(_k_s]_d(_k_s)
i=5.j= 5} an fHH'z,J*'z

is the brightness parameters including the second brightness
value and the coordinate
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wherein the median frame interpolation parameter is
determined as follows:

LA D+ fiaa (D]

Sl ) = 5 , 10

f(i, j) is the first brightness value, and f, (i, j) is a
brightness value corresponding a coordinate of the first
coordinate, in the brightness parameters of the second ;5
image displayed at the second time.
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