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CONTROL METHOD AND CONTROL
DEVICE FOR CHARGING TIME SHARING

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a control method and
control device, and more particularly, to a control method
and control device capable of realizing charging time shar-
ng.

2. Description of the Prior Art

With rapid development of display technology, traditional
cathode ray tube (CRT) displays have been gradually
replaced by liquid crystal displays (LCDs). A LCD device
utilizes a source drniver and a gate driver to drive pixels on
a display panel to display images. LCD devices now have
higher resolutions, and as a result data throughput between
the timing controller and the source drivers has greatly
increased.

In general, a respective gate driving signal 1s 1n an enable
state so that a respective pixel row of a display panel 1s
turned on and capacitors of corresponding pixels are charged
to gray voltage levels by the source drniver for displaying
respective 1mage data during the respective display driving,
period. Fixed display driving periods are usually applied for
displaying the image data. For example, please refer to FIG.
1, the duration of each of the display driving periods T1-TN
1s 1H. However, the higher the gray level of the pixel image
data 1s, the longer the charging time takes. The gray levels
of the image data may be varied at different display driving
periods. Since the duration of each display driving period 1s
fixed, some pixels on the respective row may be charged
insuiliciently and unable to desire gray voltage levels, thus
causing the LCD device to exhibit color mequality due to
charging inequality. Thus, there 1s a need for improvement.

SUMMARY OF THE INVENTION

It 1s therefore an objective of the present invention to
provide a control method and a control device capable of
realizing charging time sharing purpose.

The present mvention discloses a control method for
charging time sharing in a display apparatus, comprising:
receiving 1mage data including a plurality of pixel data
signals corresponding to a plurality of display driving peri-
ods, each display drniving period associated with pixel data
signals of a respective row of the display apparatus; calcu-
lating a plurality of gray variations corresponding to the
plurality of display driving periods according to the plurality
of pixel data signals; adjusting the plurality of display
driving periods to generate a plurality of adjusted display
driving periods according to the plurality of gray varnations;
and generating a gate clock signal according to the plurality
of adjusted display driving periods.

The present invention further discloses a control device
for charging time sharing, comprising: a memory unit for
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2

receiving and storing 1mage data, the image data including
a plurality of pixel data signals corresponding to a plurality
of display driving periods, each display dniving period
associated with pixel data signals of a respective row of a
display apparatus; a calculation unit for calculating a plu-
rality of gray variations corresponding to the plurality of
display driving periods according to the plurality of pixel
data signals; an adjustment unit for adjusting the plurality of
display driving periods to generate a plurality of adjusted
display driving periods according to the plurality of gray
variations; and a control signal generation unit for generat-
ing a gate clock signal according to the plurality of adjusted
display driving periods.

These and other objectives of the present mvention waill
no doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
ferred embodiment that 1s illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a signal timing diagram of an LCD driving
device according to the prior art.

FIG. 2 1s a schematic diagram of a display apparatus
according to an embodiment of the invention.

FIGS. 3-4 are signal timing diagrams of alternative
embodiments of the display apparatus shown in FIG. 2.

FIG. 5 1s a flow diagram of a procedure according to an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION

Certain terms are used throughout the description and
following claims to refer to particular components. As one
skilled 1n the art will appreciate, electronic equipment manu-
facturers may refer to a component by different names. This
document does not intend to distinguish between compo-
nents that differ 1n name but not function. In the following
description and the claims as well, the terms “include™ and
“comprise” are used in an open-ended fashion, and thus
should be interpreted to mean “include, but not limited
to . .

Please refer to FIG. 2, which 1s a schematic diagram of a
display apparatus 20 according to an embodiment of the
invention. The display apparatus 20 includes a control
device 202, a gate driver 204, a source driver 206, a display
panel 208, data lines D1-DM and gate lines G1-GN. The
display panel 208 includes M by N pixels P arranged 1n a
matrix pattern. The data lines D1-DM and the gate lines
(G1-GN are utilized for applying signals to the pixels P. The
gate driver 204 provides gate driving signals G(1)-G(N) to
the gate lines G1-GN to turn on respective pixel rows. The
source driver 206 provides data driving signals D(1)-D(M)
to the data lines D1-DM. For example, the data driving
signals D(1)-D(M) are provided to the pixels connected to
the respective turned-on pixel row during a respective
driving period.

The control device 202 includes a memory unit 210, a
calculation unit 212, an adjustment unit 214 and a control
signal generation unit 216. The memory unit 210 1s utilized
for receiving and storing image data. The i1mage data
includes a plurality of pixel data signals corresponding to
display driving periods T1-TN. Each display driving period
associates with pixel data signals of a respective row of the
display panel 208. The calculation unit 212 1s utilized for
calculating a plurality of gray vanations corresponding to
the display driving periods T1-TN according to the plurality
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of pixel data signals. The adjustment unit 214 1s utilized for
adjusting the display driving periods T1-TN to generate
adjusted display driving periods T1'-TN' according to the
plurality of gray variations. The control signal generation
unit 216 1s utilized for generating a gate clock signal CPV
according to the adjusted display driving periods T1'-TN'.

For calculating each gray vanation corresponding to a
respective display driving period, the calculation unit 212
may calculate variations of gray level of pixel data signals
associated with the respective display driving period and the
pixel data signals associated with a previous display driving,
period prior to the respective display driving period. In an
embodiment, the calculation unit 212 calculates a maximum
change of gray voltage levels between the respective pixel
data signals corresponding to the respective display driving
period and the respective pixel data signals corresponding to
a previous display driving period prior to the respective
display driving period, to obtain a respective gray variation
corresponding to the respective display driving period.

For example, the plurality of gray variations correspond-
ing to the display driving periods T1-TN may be calculated
by the calculation unit 212 according to the following
equations:

Vs(Tn)=Max{A[Xm(Tn-1)—=Xm(Tn)],

m=1,... M}n=1,... N (1)

In equation (1), Vs(ITn) represents n-th gray varnation
corresponding to n-th display driving period, Tn represents
n-th display driving period, Tn-1 represents a previous
display driving period prior to the n-th display driving
period, Xm('Tn—-1) represents a respective gray voltage level
of a respective pixel data signal of m-th column of the
display panel 208 corresponding to a previous display
driving period prior to the n-th display driving period,
Xm(1Tn) represents a respective gray voltage level of a
respective pixel data signal of m-th column of the display
panel 208 corresponding to the n-th display driving period.
In equation (1), A(*) 1s a delta function indicating the
difference between respective gray voltage levels, and A[ Xm
(Tn-1)—Xm(Tn)] represents the amount of change between
the respective gray voltage levels of the respective pixel data
signals of m-th column of the display panel 208 correspond-
ing to the n-th display driving period and the previous
display driving period prior to the n-th display driving
period. In an embodiment. A[Xm(Tn-1)—=Xm(Tn)] may be
obtained by calculating an absolute difference of the respec-
tive gray voltage level of a respective pixel data signal of
m-th column of the display panel 208 corresponding to a
previous display driving period prior to the n-th display
driving period and the respective gray voltage level of a
respective pixel data signal of m-th column of the display
panel 208 corresponding to the n-th display driving period.
In an embodiment, A[Xm(Tn-1)—=Xm(Tn)] may be
obtained by calculating a difference value of the respective
gray voltage level of a respective pixel data signal of m-th
column of the display panel 208 corresponding to a previous
display driving period prior to the n-th display driving
period and the respective gray voltage level of a respective
pixel data signal of m-th column of the display panel 208
corresponding to the n-th display driving period.

Max(*) 1s a function indicating taking a maximum of the
value in the following parentheses. Max{A[Xm
(Tn-1)—=Xm(Tn)]} represents a maximum value of gray
Voltage level change Correspondmg to the n-th dlsplay
driving period and a previous display driving period prior to
the n-th display driving period among M columns of the
display panel 208.
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Moreover, the adjustment unit 214 adjusts the display
driving periods T1-TN to generate the adjusted display
driving periods T1'-TN' according to the calculated gray
variations. That 1s, the display driving periods T1-TN can be
reallocated to the adjusted display driving periods T1'-TIN'
according to the gray vanations. In an embodiment, the
adjustment unit 214 may adjust the plurality of display
driving periods T1-TN to generate the plurality of adjusted
display driving periods T1'-TN' according to a ratio of the
plurality of gray vanations. In an embodiment, for two
adjacent display drniving periods, the calculation unit 212
calculates a first gray variation corresponding to a first
display driving period according to the pixel data signals
associated with the first display driving period and the pixel
data signals associated with a display driving period prior to
the first display driving period. The calculation unit 212
calculates a second gray variation corresponding to a second
display driving period according to the pixel data signals
associated with the second display driving period and the
pixel data signals associated with the first display driving
period prior to the second display driving period. As such,
the adjustment unit 214 compares the first gray variation
with the second gray variation. When the first gray variation
1s greater than the second gray variation, the adjustment unit
214 adjusts the first display driving period to generate an
adjusted first display driving period and adjusts the second
display driving period to generate an adjusted second dis-
play driving period. For example, the adjustment unit 214
increases the first display driving period to generate an
adjusted first display driving period and decreases the sec-
ond display driving period to generate an adjusted second
display driving period. Therefore, the first display driving
period 1s shorter than the adjusted first display driving period
and the second display drniving period 1s longer than the
adjusted second display driving period after adjustment. For
example, a ratio of the adjusted first display driving period
and adjusted second display driving period 1s substantially
equal to a ratio of the first gray variation and the second gray
variation. Since the adjusted first display driving period 1s
longer than the first display driving period, the pixel data
signals associated with the first display driving period has
longer charging time for realizing respective pixel gray
level.

In addition, when the first gray vanation 1s smaller than or
equal to the second gray variation, the adjustment unit 214
may maintains the first display driving period and provides
the first display driving period as an adjusted first display
driving period. Similarly, the adjustment unit 214 maintains
{
C

he second display driving period and provides the second
lisplay driving period as an adjusted second display driving
period.

The control signal generation unit 216 generates a gate
clock signal CPV according to the adjusted display driving
periods T1'-TN' and provides the gate clock signal CPV to
the gate driver 204. Each period of the gate clock signal CPV
corresponds to a respective adjusted display driving period
of the adjusted display driving periods T1'-TN'. For
example, each period of the gate clock signal CPV has the
same length as the respective adjusted display driving
period. The control signal generation unit 216 generates a
start signal STV according to the gate clock signal CPV. The
start signal STV 1s utilized for indicating when to start
outputting the gate driving signals G(1)-G(N). The control
signal generation unit 216 generates an output enable signal
OE corresponding to the adjusted display driving periods
T1-TN' accordmg to the gate clock signal CPV. The output
enable signal OF 1s utilized for indicating when to output the
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gate driving signals G(1)-G(N) and the durations of the gate
driving signals G(1)-G(N). Each period of the output enable
signal OE the gate clock signal CPV corresponds to a
respective period of the gate clock signal CPV. Therefore,
the gate driver 204 generates the gate driving signals G(1)-
G(N) according to at least one of the gate clock signal CPV,
the start signal STV and the output enable signal OE. Each
period of the gate driving signal corresponds to one respec-
tive adjusted display driving period.

The control signal generation unit 216 generates a latch
data signal LD corresponding to the adjusted display driving
periods T1'-TN' according to the gate clock signal CPV and
provides the latch data signal LD to the source driver 206.
Each period of the latch data signal LD corresponds to a
respective adjusted display driving period of the adjusted
display driving periods T1'-TN'. For example, each falling
edge of the latch data signal LD corresponds to a respective
adjusted display driving period. The latch data signal LD 1s
utilized for indicating data reception and data output for the
source driver 206. The source driver 206 generates the data
driving signals D(1)-D(M) according to latch data signal
LD.

In other words, since the adjusted display driving periods
T1'-'TN' are generated according to the gray variations of
corresponding pixel data signals and the gate driving signals
G(1)-G(N) and the data drniving signals D(1)-D(M) are
generated based on the adjusted display driving periods
T1'-TN', the pixel data signals requiring longer charging
time can be displays 1n a longer display driving period, so as
to provide suflicient charging time for display.

Please refer to FI1G. 3, which 1s a signal timing diagram of
the display apparatus 20 shown in FIG. 2. Sequentially from
the top of FIG. 3, the signal waveforms are: the gate clock
signal CPV, the start signal STV, the latch data signal LD,
the gray vanations Vs, the output enable signal OF and the
gate driving signals G(1)-G(N). Taking charging time shar-
ing ol two adjacent display driving periods T3 and T4 for
example, suppose the duration of each of the display driving
periods T1-TN 1s 111 before adjustment. For example, a gray
variation Vs(13) corresponding to the display driving period
13 and a gray vanation Vs(14) corresponding to the display
driving period T4 can be calculated by the calculation unit

212 according to the following equations:

Vs(T3)=Max{A[Xm(T2)—=»Xm(T3)],m=1, . . . M} (2)

Vs(T4)=Max{A[Xm(T3)—=Xm(T4)]|,m=1, . . . M} (3)

When the gray variation Vs(13) 1s greater than the gray
variation Vs(14), the adjustment unit 214 increases the
display driving period T3 to generate an adjusted display
driving period 13" and decreases the display driving period
T4 to generate an adjusted display driving period T4'. As
shown 1n FIG. 3, the display driving period T3 1s shorter
than the adjusted display driving period T3'. The display
driving period T4 1s longer than the adjusted display driving
period T4'. The total duration (i.e. 2H) of the display driving
period T3 and the display driving period T4 1s equal to the
total duration (1.e. 2H) of the adjusted display driving period
13" and the adjusted display driving period T4'. As shown 1n
FIG. 3, the charging orders are gate lines
G1—=0G2—=G3—=0G4— . . . . The gate drniving signal G(1) 1s
outputted during the adjusted display drniving period T1' to
turn on the pixels of the first row of the display panel 208.
Pixel data signals of the first row of the image data are
displayed on the first row of the display panel 208 during the
adjusted display driving period T1'. The gate driving signal
(G(2) 1s outputted during the adjusted display driving period
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6

12' to turn on the pixels of the second row of the display
panel 208. Pixel data signals of the second row of the 1image
data are displayed on the second row of the display panel
208 during the adjusted display driving period T2'. Such like
this, the gate driving signals G(3) and G(4) are sequentially
outputted during the adjusted display driving periods T3' and
T4' to turn on the pixels of the third row and the fourth row
of the display panel 208. Pixel data signals of the third row
and the fourth row of the image data are displayed on the
third row and the fourth row of the display panel 208 during
the adjusted display driving periods 13" and T4'.

In addition, please further refer to FIG. 3, each falling
edge of the latch data signal LD corresponds to the end of
a respective adjusted display driving period. The interval of
time between each two adjacent rising edges of the latch data
signal LD 1s 1H, so that data reception timing of the source
driver 206 may maintain the same state without change.

Please refer to FI1G. 4, which 1s a signal timing diagram of
an alternative embodiment of the display apparatus 20
shown 1n FIG. 2. Different from FIG. 3, the charging orders
are gate lines G1—-=G3—=G2—=G4— . . . . Sequentially from
the top of FIG. 4, the signal wavelorms are: the gate clock
signal CPV, the start signal STV, the latch data signal LD,
the gray variations Vs, the output enable signal OE and the
gate driving signals G(1)-G(N). Taking charging time shar-
ing of two adjacent display driving periods T3 and T4 for
example, suppose the duration of each of the display driving
pertods T1-TN 1s 1H before adjustment. Similarly, a gray
variation Vs(13) corresponding to the display driving period
T3 and a gray variation Vs(14) corresponding to the display
driving period T4 can be calculated by the calculation unit
212 according to the above equations (2) and equations (3).
When the gray variation Vs(13) 1s greater than the gray
variation Vs(14), the adjustment unit 214 increases the
display driving period 13 to generate an adjusted display
driving period 13" and decreases the display driving period
T4 to generate an adjusted display driving period T4'. As
shown 1n FIG. 4, the display driving period T3 1s shorter
than the adjusted display driving period T3'. The display
driving period T4 1s longer than the adjusted display driving
period T4'. Therelore, the gate driving signal G(1) 1s out-
putted during the adjusted display driving period T1' to turn
on the pixels of the first row of the display panel 208. Pixel
data signals of the first row of the image data are displayed
on the first row of the display panel 208 during the adjusted
display driving period T1'. The gate driving signal G(3) 1s
outputted during the adjusted display driving period 12' to
turn on the pixels of the third row of the display panel 208.
Pixel data signals of the third row of the image data are
displayed on the third row of the display panel 208 during
the adjusted display driving period T2'. Such like this, the
gate driving signals G(2) and G(4) are sequentially outputted
during the adjusted display driving periods T3' and T4' to
turn on the pixels of the second row and the fourth row of
the display panel 208. Pixel data signals of the second row
and the fourth row of the image data are displayed on the
second row and the fourth row of the display panel 208
during the adjusted display driving periods 13" and T4'.

In an embodiment, taking the charging time sharing for
every three adjacent display driving periods for example,
please refer to FIG. 5. FIG. 5 1s a flow diagram of a
procedure 50 according to an exemplary embodiment of the
present invention. The procedure 50 1n FIG. 5 can be applied
to the embodiments shown 1n FIG. 2. The procedure 30
includes the following steps:

Step 500: Start.

Step 502: Provide pixel data signal.
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Step 504: Determine whether gray vanation Vs(I1) 1s
greater than gray variation Vs(12); if gray vanation Vs(11)
1s greater than gray varnation Vs(12), go to Step 506, 1f gray
variation Vs(11) 1s smaller than gray variation Vs(12), go to
Step 516.

Step 506: Determine whether gray vanation Vs(12) 1s
greater than gray variation Vs(13); if gray vanation Vs(12)
1s greater than gray variation Vs(13), go to Step 508, 1f gray
variation Vs('12) 1s smaller than gray variation Vs(13), go to
Step 510.

Step 508: Generate the adjusted display driving periods T1',
12", T3, T1-T2"T3'=Vs(11):Vs(12):Vs(T3).

Step 510: Determine whether gray vanation Vs(11) 1s
greater than gray variation Vs(13); if gray vanation Vs(11)
1s greater than gray variation Vs(13), go to Step 512, 1f gray
variation Vs('11) 1s smaller than gray variation Vs(13), go to
Step 514.

Step 512: Generate the adjusted display driving periods T1',
12", T3, T1"T2'=Vs(11):Vs(12), T3'=T3.

Step 514: Generate the adjusted display driving periods T1',
12", T3, T1"T2'=Vs(T1):Vs(12), T3'=T3.

Step 516: Determine whether gray vanation Vs(12) 1s
greater than gray variation Vs(13); 1f gray varnation Vs(12)
1s greater than gray variation Vs(13), go to Step 518, 1f gray
variation Vs(12) 1s smaller than gray variation Vs(13), go to
Step 524.

Step 518: Determine whether gray vanation Vs(I1) 1s
greater than gray variation Vs(13); it gray vanation Vs(11)
1s greater than gray varnation Vs(13), go to Step 520, 1f gray
variation Vs('11) 1s smaller than gray variation Vs(13), go to
Step d22.

Step 520: Generate the adjusted display driving periods T1',
12", T3, T2 T3=Vs(12):Vs(13), T1'=T1.

Step 522: Generate the adjusted display driving periods T1',
12", T3, T2"T3=Vs(12):Vs(13), T1'=T1.

Step 524: Generate the adjusted display driving periods T1',
12", T3 T1+=T1, T2'=12, T3'=T3.

According to the procedure 30, in Step 502, pixel data
signals of rows of the display panel 208 corresponding to
display driving periods T1-TN are provided. The calculation
unit 212 calculates gray variations Vs(11), Vs(1T2) and
Vs(13) corresponding to display driving periods T1, T2, T3
according to the above-mentioned equation (1).

In Step 504, the adjustment unit 214 determines whether
the gray variation Vs(11) 1s greater than the gray variation
Vs(12). If the gray variation Vs(11) 1s greater than the gray
variation Vs(12), the adjustment unit 214 further determines
whether the gray vanation Vs(12) 1s greater than the gray
variation Vs(13) (Step 506). 11 the gray variation Vs(12) 1s
greater than the gray vanation Vs(I13) (1.e. Vs(11)>
Vs(12)>Vs(13)), this means the gray variations are progres-
sively decreased with display driving period. Accordingly,
the adjustment unit 214 adjusts the display driving periods
11, T2, T3 according to the gray vaniation Vs(11), the gray
variation Vs(12) and the gray vanation Vs(13). The display
driving periods T1, T2, T3 may be adjusted to the adjusted
display driving periods T1', T2', T3' respectively. For
example, a ratio of the adjusted display driving periods T1',
12', T3 1s substantially equal to a ratio of the gray variation
Vs(11), the gray variation Vs(12) and the gray vanation
Vs(13) (Step 508). In other words, since the display driving,
periods T1, 12, T3 are reallocated to the adjusted display
driving periods T1', T2', T3', the pixel data signals associated
with the display driving periods 11, T2, T3 would be

displayed with charging time corresponding to the adjusted
display driving periods T1', T2', T3".
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In Steps 512 and 514, the adjustment unit 214 generates
the adjusted display dniving periods T1', T2', T3'. The
adjustment unit 214 may adjust the display driving periods
T1, T2 according to the gray variation Vs(11) and the gray
variation Vs(12), so as to generate the adjusted display
driving periods T1', T2'. For example, a ratio of the display
driving periods T1', T2' 1s substantially equal to a ratio of the
gray variation Vs(11) and the gray vaniation Vs(12). For
example, the adjustment unit 214 keeps the display driving
period T3 and provides the display driving period 13 as the
adjusted display driving periods T3'.

In Step 516, the adjustment unit 214 determines whether
the vanation Vs(12) i1s greater than the gray variation
Vs(13). If the gray variation Vs(12) 1s smaller than the gray
variation Vs(13) (1.e. Vs(T1)<Vs(12)<Vs(T3)), this means
the gray variations are progressively increased with display
driving period. In such a situation, the adjustment umt 214
keeps the display driving periods T1, 12, T3 and provides
the display driving periods 11,12, T3 as the adjusted display
driving periods T1', T2', T3' respectively (Step 524).

In Steps 520 and 522, the adjustment unit 214 generates
the adjusted display driving periods T1', T2', T3'. The
adjustment unit 214 adjusts the display driving periods 12,
T3 according to the gray variation Vs(12) and the gray
variation Vs(13), so as to generate the adjusted display
driving periods 12', T3'. For example, a ratio of the display
driving periods T2', T3' 1s substantially equal to a ratio of the
gray variation Vs(12) and the gray vanation Vs(13). For
example, the adjustment unit 214 keeps the display driving
period T1 and provides the display driving period T1 as the
adjusted display driving periods T1'.

In summary, the mvention can re-assign the display
driving periods to provide the adjusted display driving
periods based on gray variations of the display driving
periods for charging time sharing. Since the gate driving
signals and the data driving signals are generated based on
the adjusted display driving periods, the pixel data signals
requiring longer charging time can be displays in a longer
display driving period, so as to provide suflicient charging
time for display and avoid charging inequality.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaiming the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. A control method for charging time sharing 1n a display
apparatus, comprising:

recerving 1image data including a plurality of pixel data

signals corresponding to a plurality of display driving,
periods, each display driving period associated with
pixel data signals of a respective row of the display
apparatus;

calculating a plurality of gray variations corresponding to

the plurality of display driving periods according to the
plurality of pixel data signals;

adjusting the plurality of display driving periods to gen-

crate a plurality of adjusted display driving periods by
comparing the plurality of gray varnations; and
generating a gate clock signal according to the plurality of
adjusted display driving periods, wherein the plurality
of adjusted display driving period comprises an
adjusted first display driving period and an adjusted
second display driving period, an adjusted third display
driving period and an adjusted fourth display driving
period occurring in order and having different dura-
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tions, and a total duration of the adjusted first display
driving period and the adjusted second display driving
period 1s equal to a total duration of the adjusted third
display driving period and the adjusted fourth display
driving period.

2. The control method of claim 1, wherein the step of
calculating a plurality of gray variations corresponding to
the plurality of display driving periods according to the
plurality of pixel data signals comprises:

for each gray variation corresponding to a respective

display driving period, calculating a maximum change
of gray voltage levels between the respective pixel data
signals corresponding to the respective display driving,
period and the respective pixel data signals correspond-
ing to a previous display driving period prior to the
respective display driving period.

3. The control method of claim 1, wherein plurality of
gray variations corresponding to the plurality of display
driving periods are calculated according to the following
equation:

Vs(Tn)=Max{A[Xm(Tn-1)—Xm(Tn)],
m=1,... M}n=1,... N

where Vs(1n) represents n-th gray variation correspond-
ing to n-th display driving period; Tn represents n-th
display driving period; Tn-1 represents a previous
display driving period prior to the n-th display driving
period; Xm(Tn-1) represents a respective gray voltage
level of a respective pixel data signal of m-th column
of the display apparatus corresponding to the previous
display driving period prior to the n-th display driving
period; Xm(Tn) represents a respective gray voltage
level of a respective pixel data signal of m-th column
of the display apparatus corresponding to the n-th
display driving period; A(*) represents a delta function
indicating the difference between respective gray volt-
age levels; Max () represents a function indicating
taking a maximum of the value 1n the following paren-
theses; and n, N, m and M are positive integers, n 1s
between 1 and N, m 1s between 1 and M.

4. The control method of claim 1, wherein the step of
calculating the plurality of gray vaniations corresponding to
the plurality of display driving periods according to the
plurality of pixel data signals comprises:

calculating a first gray variation of the plurality of gray

variations corresponding to a first display driving
period of the plurality of display driving periods
according to pixel data signals corresponding to the
first display driving period and pixel data signals cor-
responding to a previous display driving period prior to
the first display drniving period; and

calculating a second gray variation of the plurality of gray

variations corresponding to a second display driving
period ol the plurality of display drniving periods
according to pixel data signals corresponding to the
second display driving period and pixel data signals
corresponding to the first display driving period,
wherein the second display driving period 1s after the
first display driving period.

5. The control method of claim 4, wherein the step of
adjusting the plurality of display driving periods to generate
the plurality of adjusted display driving periods by compar-
ing the plurality of gray varnations comprises:

comparing the first gray varnation with the second gray

variation; and

when the first gray variation 1s greater than the second

gray variation, increasing the first display driving
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period to generate the adjusted first display driving
period and decreasing the second display driving period
to generate the adjusted second display driving period.

6. The control method of claim 5, wherein the first display
driving period 1s shorter than the adjusted first display
driving period, the second display drniving period i1s longer
than the adjusted second display driving period, and the total
duration of the first display drniving period and the second
display driving period 1s equal to the total duration of the
adjusted first display driving period and the adjusted second
display driving period.

7. The control method of claim 1, wherein the step of
adjusting the plurality of display driving periods to generate
the plurality of adjusted display driving periods by compar-
ing the plurality of gray vanations comprises:

adjusting the plurality of display driving periods to the
plurality of adjusted display driving periods according
to a ratio of the plurality of gray variations.

8. The control method of claim 1, wherein each period of
the gate clock signal corresponds to a respective adjusted
display driving period of the plurality of adjusted display
driving periods.

9. The control method of claim 1, further comprising at
least one of the following:

generating a start signal according to the gate clock
signal;

generating an output enable signal corresponding to the
plurality of adjusted display driving periods, wherein
cach period of the output enable signal corresponds to
a respective adjusted display driving period of the
plurality of adjusted display driving periods; and

generating a latch data signal corresponding to the plu-
rality of adjusted display driving periods, wherein each
period of the latch data corresponds to a respective
adjusted display driving period of the plurality of
adjusted display driving periods.

10. A control device for charging time sharing, compris-

ng:

a memory unit for receiving and storing image data, the
image data including a plurality of pixel data signals
corresponding to a plurality of display driving periods,
cach display dnving period associated with pixel data
signals of a respective row of a display apparatus;

a calculation unit for calculating a plurality of gray
variations corresponding to the plurality of display
driving periods according to the plurality of pixel data
signals;

an adjustment unit for adjusting the plurality of display
driving periods to generate a plurality of adjusted
display driving periods by comparing the plurality of
gray variations, wherein the plurality of adjusted dis-
play driving period comprises an adjusted first display
driving period and an adjusted second display driving
period, an adjusted third display driving period and an
adjusted fourth display driving period occurring in
order and having different durations, and a total dura-
tion of the adjusted first display driving period and the
adjusted second display driving period 1s equal to a
total duration of the adjusted third display driving
period and the adjusted fourth display driving period;
and

a control signal generation unit for generating a gate clock
signal according to the plurality of adjusted display
driving periods.

11. The control device of claim 10, wherein for each gray

variation corresponding to a respective display driving
period, the calculation unit calculates a maximum change of
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gray voltage levels between the respective pixel data signals
corresponding to the respective display driving period and
the respective pixel data signals corresponding to a previous
display driving period prior to the respective display driving
period.

12. The control device of claim 10, wherein the plurality
of gray variations corresponding to the plurality of display
driving periods are calculated by the calculation unit accord-
ing to the following equation:

Vs(Tn)=Max{A[Xm(Tn-1)—=Xm(Tn)],
m=1,... M}n=1,... N

where Vs(Tn) represents n-th gray variation correspond-
ing to n-th display driving period; Tn represents n-th
display driving period; Tn-1 represents a previous
display driving period prior to the n-th display driving
period; Xm(Tn-1) represents a respective gray voltage
level of a respective pixel data signal of m-th column
of the display apparatus corresponding to the previous
display driving period prior to the n-th display driving
period; Xm(Tn) represents a respective gray voltage
level of a respective pixel data signal of m-th column
of the display apparatus corresponding to the n-th
display driving period; A(*) represents a delta function
indicating the difference between respective gray volt-
age levels; Max(*) represents a function indicating
taking a maximum of the value 1n the following paren-
theses; and n, N, m and M are positive integers, n 1s
between 1 and N, m 1s between 1 and M.

13. The control device of claim 10, wherein the calcula-
tion unit calculates a first gray variation of the plurality of
gray variations corresponding to a first display driving
period of the plurality of display driving periods according,
to pixel data signals corresponding to the first display
driving period and pixel data signals corresponding to a
previous display drniving period prior to the first display
driving period and calculates a second gray variation of the
plurality of gray variations corresponding to a second dis-
play driving period of the plurality of display driving periods
according to pixel data signals corresponding to the second
display driving period and pixel data signals corresponding
to the first display dniving period, wherein the second
display driving period 1s atter the first display driving period.

14. The control device of claim 13, wherein the adjust-
ment unit compares the first gray variation with the second
gray variation, when the first gray variation 1s greater than
the second gray variation, the adjustment unit increases the
first display driving period to generate the adjusted first
display driving period and the adjustment unit decreases the
second display driving period to generate the adjusted
second display driving period.

15. The control device of claim 14, wherein the first
display driving period 1s shorter than the adjusted first
display driving period and the second display driving period
1s longer than the adjusted second display driving period,
and the total duration of the first display driving period and
the second display driving period 1s equal to the total
duration of the adjusted first display driving period and the
adjusted second display driving period.

16. The control device of claim 10, wherein the adjust-
ment unit adjusts the plurality of display driving periods to
the plurality of adjusted display driving periods according to
a ratio of the plurality of gray variations.

17. The control device of claim 10, wherein each period
of the gate clock signal corresponds to a respective adjusted
display driving period of the plurality of adjusted display
driving periods.
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18. The control device of claim 10, wherein the control
signal generation unit generates at least one of a start signal,
an output enable signal and a latch data signal, wherein each
period of the output enable signal and the latch data signal
corresponds to a respective adjusted display driving period
of the plurality of adjusted display driving periods.
19. A control method for charging time sharing in a
display apparatus, comprising:
recerving 1mage data including a plurality of pixel data
signals corresponding to a plurality of display driving,
periods, each display driving period associated with
pixel data signals of a respective row of the display
apparatus;
calculating a plurality of gray variations corresponding to
the plurality of display driving periods according to the
plurality of pixel data signals;
adjusting the plurality of display driving periods to gen-
crate a plurality of adjusted display driving periods by
comparing the plurality of gray variations, comprising:
comparing a first gray variation corresponding to a first
display drniving period of the plurality of display
driving periods with a second gray variation corre-
sponding to a second display driving period of the
plurality of display driving periods, wherein the
second display driving period 1s neighboring to the
first display driving period; and

when the first gray variation 1s greater than the second
gray variation, increasing the first display drniving
period to generate an adjusted first display driving
period and decreasing the second display driving
period to generate an adjusted second display driving
period; and

generating a gate clock signal according to the plurality of
adjusted display driving periods.

20. A control device for charging time sharing, compris-

ng:

a memory unit for receiving and storing image data, the
image data including a plurality of pixel data signals
corresponding to a plurality of display driving periods,
cach display dniving period associated with pixel data
signals of a respective row of a display apparatus;

a calculation unit for calculating a plurality of gray
variations corresponding to the plurality of display
driving periods according to the plurality of pixel data
signals;

an adjustment unit for adjusting the plurality of display
driving periods to generate a plurality of adjusted
display driving periods by comparing the plurality of
gray variations; and

a control signal generation unit for generating a gate clock
signal according to the plurality of adjusted display
driving periods;

wherein the adjustment unit compares a first gray varia-
tion corresponding to a first display driving period of
the plurality of display driving periods with a second
gray variation corresponding to a second display driv-
ing period of the plurality of display driving periods,
wherein the second display driving period 1s neighbor-
ing to the first display driving period, and when the first
gray variation 1s greater than the second gray variation,
the adjustment unit increases the first display driving
period to generate an adjusted first display driving
period and the adjustment unit decreases the second
display driving period to generate an adjusted second
display driving period.

[21. A control method for charging time sharing in a

display apparatus, comprising:
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receiving 1image data including a plurality of pixel data
signals corresponding to a plurality of display driving
periods, each display driving period associated with
pixel data signals of a respective row of the display
apparatus;

calculating a plurality of gray variations corresponding to
the plurality of display driving periods according to the
plurality of pixel data signals;

adjusting the plurality of display driving periods to gen-
crate a plurality of adjusted display driving periods
according to the plurality of gray vanations; and

generating a gate clock signal according to the plurality of
adjusted display drniving periods to sequentially drive
the rows of pixels of the display one row by one row,
wherein 1n each of the adjusted display driving periods,
a single row of pixels of the display panel are turned
on.]

[22. A control device for charging time sharing, compris-

ng:

a memory unit for receiving image data including a
plurality of pixel data signals corresponding to a plu-
rality of display drniving periods, each display driving
period associated with pixel data signals of a respective
row of the display apparatus;

a calculation unit for calculating a plurality of gray
variations corresponding to the plurality of display
driving periods according to the plurality of pixel data
signals;

an adjustment unit for adjusting the plurality of display
driving periods to generate a plurality of adjusted
display driving periods according to the plurality of
gray variations; and

a control signal generation unit for generating a gate clock
signal according to the plurality of adjusted display
driving periods to sequentially drive the rows of pixels
of the display one row by one row, wherein 1n each of
the adjusted display driving periods, a single row of
pixels of the display panel are turned on.]

23. A control method for charging time sharing i a

display apparatus, comprising;:

obtaining pixel data signals of respective row of the
display apparatus; and

generating a plurality of adjusted display driving periods
according to the plurality of pixel data signals; and

wherein the plurality of adjusted display driving periods
comprises an adjusted first display driving period and
an adjusted second display driving period, an adjusted
third display driving period and an adjusted fourth
display driving period occurring in order and having
different durations, and a total duration of the adjusted
first display drniving period and the adjusted second
display driving period 1s equal to a total duration of the
adjusted third display driving period and the adjusted
fourth display driving period.

24. A control device for charging time sharing, compris-

ng:

a memory unit for obtaining pixel data signals of respec-
tive row of the display apparatus; and

an adjustment unit for generating a plurality of adjusted
display driving periods according to the plurality of
pixel data signals;

wherein the plurality of adjusted display drniving period
comprises an adjusted first display driving period and
an adjusted second display driving period, an adjusted
third display driving period and an adjusted fourth
display driving period occurring in order and having
different durations, and a total duration of the adjusted
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first display driving period and the adjusted second
display driving period 1s equal to a total duration of the
adjusted third display driving period and the adjusted
fourth display driving period.

25. A control method for a display apparatus, comprising:

generating a plurality of adjusted display driving periods
according to gray variance associated with a plurality
of pixel data signals, each of the adjusted display
driving periods corresponding to a vespective row of
the display apparatus; and

driving the vespective vow of the display apparatus
according to the corresponding one of the adjusted
display driving periods;

wherein the plurality of adjusted display driving periods
comprise a first group of adjusted display driving
periods occurring consecutively and a second group of
adjusted display driving periods occurring consecu-
tively, the first group of adjusted display driving pevi-
ods comprises an adjusted first display driving period
and an adjusted second display driving period, the
second group of adjusted display driving periods com-
prises an adjusted thivd display driving period and an
adjusted fourth display driving period, wherein the
adjusted first display drviving period, the adjusted sec-
ond display driving period, the adjusted third display
driving period and the adjusted fourth display driving
period occurring in ovder and having different dura-
tions, and a total duration of the adjusted first display
driving period and the adjusted second display driving
period is equal to a total duration of the adjusted third
display driving period and the adjusted fourth display
driving period, the second group of adjusted display
driving periods having a same total number of adjusted
display driving periods as that of the first group of
adjusted display drviving periods, and a total duration
of the first group of adjusted display driving periods is
equal to a total duration of the second group of
adjusted display driving periods.

26. The control method of claim 235, further comprising:

generating a gate clock signal according to the plurality
of adjusted display driving periods.

27. A control device of a display apparatus, comprising:

an adjustment unit for generating a plurality of adjusted
display driving periods according to gray variance
associated with a plurality of pixel data signals, each
of the adjusted display driving periods corresponding
to a rvespective row of the display apparatus; and

a control signal generation unit for driving the rvespective
row of the display apparatus accovding to the corre-
sponding one of the adjusted display driving periods;,

wherein the plurality of adjusted display driving periods
comprise a first group of adjusted display driving
periods occurring consecutively and a second group of
adjusted display driving periods occurring comnsecu-
tively, the first group of adjusted display drviving peri-
ods comprises an adjusted first display driving period
and an adjusted second display driving period, the
second group of adjusted display driving periods com-
prises an adjusted thivd display driving period and an
adjusted fourth display driving period, wherein the
adjusted first display drviving period, the adjusted sec-
ond display driving period, the adjusted third display
driving period and the adjusted fourth display drviving
period occurring in ovder and having diffevent dura-
tions, and a total duration of the adjusted first display
driving period and the adjusted second display drviving
period is equal to a total duration of the adjusted third
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display driving period and the adjusted fourth display
driving period, the second group of adjusted display
driving periods having a same total number of adjusted
display driving periods as that of the first group of
adjusted display drviving periods, and a total duration
of the first group of adjusted display driving periods is
equal to a total duration of the second group of
adjusted display driving periods.

28. The control device of claim 27, wherein the control

5

16
30. The control method of claim 29, further comprising:

generating a gate clock signal accovding to the plurality

of adjusted display driving periods.
31. A control device for charging time sharing in a display

apparatus, comprising.

an adjustment unit for generating a plurality of adjusted
display driving periods by comparing a plurality of
gray variations corresponding to the plurality of dis-

signal gem-z:mtfon unit gem::*mtes a gate clock ngna? to drive 10 play driving periods for driving a respective row of the
the respective row of thie dxsplay‘ apparatus according to the display apparatus,
plurality of adjusted display driving periods. _ _ _ o _
29. A control method for charging time sharving in a wherein ﬂze‘ad]mred dzsplajf df/'wmg periods degﬂend upon
display apparatus, comprising: a plumhlj» of gray variations correspondzfzg to the
generating a plurality of adjusted display driving periods 15 plurality of display driving periods, respectively; and
by comparing a plurality of gray variations corre- wherein the plurality of gray variations comprise a first
sponding to the plurality of display driving periods for gray variation corresponding to a first display driving
driving a vespective vow of the display apparatus, period of the plurality of display driving periods and a
wherein the adjusted display drviving periods depend second gray variation corresponding to a second dis-
upon the plurality of gray variations corresponding to 20 play driving period of the plurality of display driving
the plurality of display drviving periods, respectively; periods, wherein the second display driving period is
and whevrein the plurality of gray variations comprise neighboring to the first display driving period; and
aﬁr:?t gray‘varfarfon corras:pondfnfg to aﬁr-qs*z-' dfspla:y wherein the adjustment unit compares the first gray
driving period of the plur ah'ty Of display dr WVIng pert- variation corresponding to the first display driving
ods and a SECO”‘? gray variation correspiondmg- to a 25 period with the second gray variation corresponding to
second display driving period of the plurality of display the second display driving period, when the first gray
ar f"_’f”g per fo‘fgS: ka?r ein the second dfsplay ar x:vx:ng variation is greater than the second gray variation, the
per{od is neighboring to the first display driving first display driving period is increased to generate an
per m‘_j; and o _ adjusted first display driving period by the adjustment
comparing the first gray variation corresponding to the 30 unit and the second display driving period is decreased

first display driving period with the second gray varia-
tion corresponding to the second display driving
period, when the first gray variation is greater than the
second gray variation, increasing the first display driv-

to generate an adjusted second display driving period
by the adjustment unit.

32. The control device of claim 31, wherein the control

signal generation unit genevates a gate clock signal to drive
the respective vow of the display apparatus accorvding to the
plurality of adjusted display driving periods.

ing period to generate an adjusted first display driving 35
period and decreasing the second display driving

period to generate an adjusted second display driving
period. * % % ok ok
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