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(57) ABSTRACT 

A display apparatus and a control method thereof, wherein 
output of a backlight is reduced depending on the remaining 
amount of a battery or a pixel of an input image, and a 
brightness value of an output image is increased to compen 
sate for the reduced output of the backlight. A display appa 
ratus according to the present invention includes a display 
controller for controlling brightness of an image displayed on 
a display panel and output of a backlight of the display panel; 
and a control unit for detecting the remaining amount of a 
battery and controlling the display controller in accordance 
with the remaining amount of the battery. The control unit 
includes an operation unit for calculating an output value of 
the backlight and a pixel brightness correction value of the 
output image. 
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FIG. 2 
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DISPLAY APPARATUS AND CONTROL 
METHOD THEREOF FOR SAVING POWER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is related to, and claims 
priority to, Korean patent application 10-2007-0108465, filed 
on Oct. 26, 2007, the entire contents of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a display apparatus 
and a control method thereof, and more particularly, to a 
display apparatus and a control method thereof, wherein 
brightness of an output image is increased depending on the 
remaining amount of a battery or brightness of an input 
image, and output of a backlight is decreased in correspon 
dence with the brightness of the output image, so that power 
consumption of the backlight can be reduced while maintain 
ing the brightness of the image. 
0004 2. Description of the Related Art 
0005 Recently, computer driven programs are provided 
with a function of increasing brightness of an output image 
using a gamma correction method and adjusting output of a 
backlight in correspondence with the brightness. 
0006. The gamma correction method is a method of 
adjusting overall brightness values by setting a brightness 
function having a gamma value as an index and changing the 
gamma Value. 
0007. In the gamma correction method, the brightness 
function is generally expressed as shown in mathematical 
expression 1. 

X=(X/maximum brightness value) ̂ *maximum 
brightness value (1) 

0008 Thus, since the brightness function has variable “Y” 
as an index, a brightness value is not corrected by the gamma 
correction method if brightness of an input image is the same 
as maximum brightness or has a value of “0”. 
0009. In the gamma correction method, an optimum 
gamma (Y) value Suitable for an image should be obtained. 
However, a process of calculating the optimum gamma value 
automatically is complicated. In addition, if users themselves 
determine the optimum gamma value while viewing an out 
put image, its accuracy will be different depending on each 
individual. 
0010. Therefore, the related art described above has fol 
lowing problems. 
0011. If brightness of an output image is increased using 
the gamma correction method, a pixel whose original input 
brightness has a maximum or minimum brightness value 
cannot be compensated for decrease in brightness, which is 
caused by the decrease in the output of backlight. Therefore, 
boundaries between adjacent pixels are unclear and thus the 
outline of the image is obscured, whereby the image is 
degraded. 
0012. Further, it is difficult to rapidly detect and apply a 
gamma value depending on the remaining amount of a bat 
tery. 

SUMMARY OF THE INVENTION 

0013 The present invention is conceived to solve the 
aforementioned problems in the prior art. An object of the 
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present invention is to provide a display apparatus and a 
control method thereof, wherein degradation of an output 
image can be prevented by reducing output of a backlight 
while uniformly compensating the entire image. 
0014. According to an aspect of the present invention, 
there is provided a display apparatus, which includes: a dis 
play controller for controlling brightness of an image dis 
played on a display panel and output of a backlight of the 
display panel; and a control unit for detecting the remaining 
amount of a battery and controlling the display controller in 
accordance with the remaining amount of the battery, wherein 
the control unit includes an operation unit for calculating an 
output value of the backlight and a pixel brightness correction 
value of the output image. 
0015. At this time, the control unit further includes a 
detector for detecting pixel brightness of the image, and the 
operation unit calculates the output value of the backlight and 
the pixel brightness correction value using the pixel bright 
ness detected by the detector. 
0016 Further, the operation unit may calculate a bright 
ness limit value (BR) and the output value of the backlight 
(OP) in accordance with the remaining amount of the bat 
tery, and calculate the pixel brightness correction value 
(BR) in accordance with the brightness limit value. 
0017. Here, the brightness limit value may be set to a value 
with which decrease in the brightness of the image is com 
pensated in accordance with decrease in the output value of 
the backlight. 
0018 Further, the output value of the backlight may be 
determined in proportion to the remaining amount of the 
battery, the brightness limit value may be determined in 
inverse proportion to the output value of the backlight, and the 
pixel brightness correction value may be determined in pro 
portion to the brightness limit value. 
0019. Further, BRI*(BA-BA)/(BA 
BA)*(BR-BR)+JBR,+K1, OP=I* 
(BA-BA)/(BA-BA)*(OP-OP)+ 
JOP+K, and BR-II (BR-BR)/BR 
*BR+BR+K, where BR, is a brightness limit value, 
BA, is the remaining amount of the battery, BA is a 
minimum capacity of the battery, BA is a maximum capac 
ity of the battery, BR is a maximum brightness value, 
BR is a maximum brightness limit Value, BR is a 
minimum brightness value, OP, is an output value of the 
backlight, OP, is a maximum output value, BR is a pixel 
brightness correction value, BR, is an input brightness value, 
and I, I, I, J. J. K. K2 and Ks are correction coefficients. 
0020. Meanwhile, the display apparatus may farther 
include a storage unit for storing the brightness upper limit 
value and the output value of the backlight in accordance with 
the remaining amount of the battery, wherein the operation 
unit may calculate the brightness upper limit value and the 
output value of the backlight by reading a lookup table stored 
in the storage unit. 
0021. Further, the operation unit may calculate the output 
value of the backlight and the pixel brightness correction 
value using pixelbrightness maximum value (BR) detected 
by the detector. 
0022. Further, the output value of the backlight may be in 
proportion to the pixel brightness maximum value, and the 
pixel brightness correction value may be in inverse proportion 
to the pixel brightness maximum value. 
0023. Further, the output value of the backlight may be set 
as much as to offset increase in brightness of the image, the 
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brightness of the image being increased when the pixel 
brightness maximum value is changed to a maximum bright 
ness value. 

0024. Further, the pixel brightness maximum value may 
be calculated from an average brightness of images outputted 
for a specified period of time. 
I0025) Further, OP, OP-I*(BR-BR)/BR, 
*OP+K and BR BR,+(BR-BR)+Ks, where 
OP is an output value of the backlight, OP, is a maximum 
output value, BR, is a maximum brightness value, BR is 
a pixel brightness maximum value, BR is a pixel brightness 
correction value, BR, is an input brightness value, and I. K. 
and Ks are correction coefficients. 
0026. According to another aspect of the present inven 

tion, there is provided a display control method for saving 
power, including the steps of: (A) measuring the remaining 
amount of a battery; (B) calculating an output value of a 
backlight and a pixel brightness correction value of an output 
image using the remaining amount of the battery; and (C) 
changing display setting using the calculated output value of 
the backlight and pixel brightness correction value, thereby 
displaying an image. 
0027. At this time, steps (A) to (C) may be performed only 
when the remaining amount of the battery is below a prede 
termined value. 

0028. Further, step (B) may include the steps of: (B1) 
calculating the output value of the backlight using the remain 
ing amount of the battery; (B2) calculating a pixel brightness 
limit value using the remaining amount of the battery; and 
(B3) calculating the pixel brightness correction value using 
the pixel brightness limit value. 
0029. Further, in steps (B1) and (B2), the output value of 
the backlight and the pixel brightness limit value may be read 
and calculated from a lookup table. 
0030. Further, in step (B3), the pixel brightness correction 
value may be read and calculated from a lookup table. 
0031. According to a further aspect of the present inven 

tion, there is provided a display control method for saving 
power, including the steps of: (A) detecting a maximum 
brightness value of an input image; (B) calculating an output 
value of backlight using the maximum brightness value; (C) 
calculating a pixel brightness correction value using the 
maximum brightness value; and (D) changing display setting 
using the calculated output value of the backlight and the 
pixel brightness correction value. 
0032. At this time, steps (A) to (D) may be performed only 
when the remaining amount of the battery is below a prede 
termined value. 

0033. As described above, in a display apparatus and a 
control method thereof according to the present invention, the 
following advantages can be expected. 
0034. In an embodiment of the present invention, power 
consumption of a backlight can be reduced while all pixels of 
an input image are compensated for increase in brightness. 
Accordingly, since contrast between pixels is uniformly 
maintained while reducing power consumption, the present 
invention is advantageous in that degradation of an output 
image can be prevented. 
0035. Further, in another embodiment of the present 
invention, since brightness is increased without changing 
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contrast between changed and outputted pixels, power con 
Sumption can be reduced while minimizing deformation of an 
original image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 is a block diagram showing a display appa 
ratus according to a specific embodiment of the present inven 
tion; 
0037 FIG. 2 is a graph showing an example of brightness 
histograms of input and output images in the specific embodi 
ment of the present invention; 
0038 FIG. 3 is a table showing an example of a lookup 
table applied to the specific embodiment of the present inven 
tion; 
0039 FIG. 4 is a block diagram showing a display appa 
ratus according to another embodiment of the present inven 
tion; 
0040 FIG. 5 is a graph showing an example of brightness 
histograms of input and output images in the other embodi 
ment of the present invention; 
0041 FIG. 6 is a flowchart illustrating a control method of 
the display apparatus according to the specific embodiment of 
the present invention; and 
0042 FIG. 7 is a flowchart illustrating a control method of 
the display apparatus according to the other embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0043. Hereinafter, a display apparatus and a control 
method thereof according to embodiments of the present 
invention will be described in detail with reference to the 
accompanying drawings. 
0044 FIG. 1 is a block diagram showing a display appa 
ratus according to a specific embodiment of the present inven 
tion, FIG. 2 is a graph showing an example of brightness 
histograms of input and output images in the specific embodi 
ment of the present invention, and FIG.3 is a table showing an 
example of a lookup table applied to the specific embodiment 
of the present invention. 
0045. As shown in FIG. 1, the display apparatus according 
to the specific embodiment of the present invention includes 
a display panel 10. The display panel 10 is a unit on which 
images are displayed, and a liquid crystal display (LCD) 
panel is used as the display panel 10. 
0046. The display panel 10 is provided with a backlight 20 
for providing light to the display panel 10. The backlight 20 is 
a light source for providing light to the display panel 10, and 
a variety of light sources, such as a light source using a light 
emitting diode (LED) and a light source using aluminescence 
lamp, may be used as the backlight 20. 
0047. Meanwhile, a display controller 30 is connected to 
the display panel 10 and the backlight 20, and controls an 
output state of an image outputted to the display panel 10 and 
an output of the backlight 20. The output state refers to vari 
ous setup values for display, such as contrast and resolution, 
including pixel brightness of the display panel 10. 
0048. The display controller 30 controls output of the 
backlight 20 and brightness of an image outputted to the 
display panel 10 under the control of a control unit 40 that will 
be described below. 
0049. The control unit 40 for controlling the display con 
troller 30 is connected to the display controller 30. The con 
trol unit 40 is a unit for decreasing output of the backlight 20 
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depending on the remaining amount of a battery 70 to reduce 
power consumption when power is insufficient in which 
decrease in brightness of an image caused by decrease in the 
output value of the backlight 20 is compensated by changing 
a predetermined brightness value. 
0050. At this time, embodiments of the present invention 
will be divided and described depending on methods of cal 
culating a changed brightness value (hereinafter, referred to 
as a “pixel brightness correction value') performed by the 
control unit 40. 

0051 First, according to the specific embodiment of the 
present invention, the control unit 40 includes an operation 
unit 42 for calculating an output value of the backlight 20 
changed depending on the remaining amount of the battery 70 
(hereinafter, referred to as an “output value of the backlight 
20) and setting a minimum brightness value of an output 
image to a value increased to a certain extent from “0” (here 
inafter, referred to as a “brightness limit value') in accor 
dance with the output value of the backlight 20. 
0052. The operation unit 42 may set the output value of the 
backlight 20 to be in proportion to the remaining amount of 
the battery 70. That is, if the remaining amount of the battery 
70 is reduced below a predetermined value, the output value 
of the backlight 20 may be reduced in proportion to the 
remaining amount of the battery 70. In this case, if the output 
value of the backlight 20 is too low, it may be difficult to figure 
out the image. For this reason, the operation unit 42 may set 
a lower limit value and lower the output value of the backlight 
20 in between the maximum output value and the lower limit 
value depending on the remaining amount of the battery 70. 
0053. Thus, the output value of the backlight 20 is 
expressed as shown in mathematical expression 2. 

0054 where OP is an output value of the backlight, 
BA is the currently remaining amount of the battery 70, 
BA, is a minimum capacity of the battery 70, with which a 
system enters a power saving mode, BA is a maximum 
capacity of the filly charged battery 70, OP, is the maxi 
mum output value of the backlight 20, and OP, is a mini 
mum output value of the backlight 20, which is set to mini 
mum to prevent degradation of an image. 
0055. In addition, I., J. and K- are correction coefficients 
determined by experiment. That is, I, J. and K- are propor 
tional constants with which the output of the backlight 20 is 
decreased at an appropriate rate depending on a decrease in 
the remaining amount of the battery 70. 
0056. The operation unit 42 sets the brightness limit value 
using the set output value of the backlight 20. As the output 
value of the backlight 20 is lower, the brightness limit value is 
set higher. Furthermore, the brightness limit value is set as 
high as to compensate decrease in brightness of an output 
image in accordance with decrease in the output value of the 
backlight 20. That is, a value of brightness increased to com 
pensate the brightness decreased due to decrease in the output 
value of the backlight 20 is set as the brightness limit value, 
and the brightness limit value is set as the minimum bright 
ness value. 

0057 The brightness limit value may be expressed as 
shown in mathematical expression 3. At this time, since the 
output value of the backlight 20 is determined by the remain 
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ing amount of the battery 70, the brightness limit value may 
be expressed by the remaining amount of the battery 70. 

BR-II (BA-BA)/(BA-BA.) (BR 
BRii)+J*BR,+K1 (3) 

0058 where BR is a brightness limit value, BA is the 
remaining amount of the battery 70, BA is a minimum 
capacity of the battery 70, BA is a maximum capacity of 
the battery 70, BR, is a maximum brightness value, BR 
max is a maximum brightness limit value, and BR is a 
minimum brightness value. 
0059. At this time, the BR is a maximum brightness 
limit value, which is set to prevent an image from being 
degraded when the brightness limit value is set too high. 
0060. In addition, I, J and K are correction coefficients 
determined by experiment to precisely compensate the 
brightness decreased due to the decrease in the output value of 
the backlight 20. 
0061 The operation unit 42 calculates the pixel brightness 
correction value, which is a corrected brightness value of an 
output pixel, using the brightness limit value. Correction of 
the pixel brightness value means that a brightness value of an 
input pixel having a range between the minimum and maxi 
mum brightness values is changed to a brightness value hav 
ing a range between the brightness limit value and the maxi 
mum brightness value (i.e., the brightness of the input pixel is 
increased as high as the brightness limit value, and then 
contrast is changed to satisfy the range between the bright 
ness limit value and the maximum brightness value). 
0062. This will be described using histograms as shown in 
FIG. 2. That is, pixels having brightness values indicated by a 
dotted line are corrected to have brightness values indicated 
by a solid line. 
0063. In a general display apparatus, “O'” is the minimum 
brightness value and “255” is the maximum brightness value. 
0064. At this time, the pixel brightness correction value 
may be calculated as shown in mathematical expression 4. 

BRI*(BR-BR), BRIBR,+BR+K (4) 

0065 where BR is a pixel brightness correction value, 
BR, is a brightness limit value, BR is a maximum bright 
ness value, BR, is an input brightness value, and I and Kare 
correction coefficients. 

0066. As described above, it is shown that the output value 
of the backlight 20, the brightness limit value and the pixel 
brightness correction value are calculated by the mathemati 
cal expressions. However, the operation unit 42 according to 
the specific embodiment of the present invention may read the 
output value of the backlight 20 and the brightness limit value 
from a lookup table storing the output values of the backlight 
20 and the brightness limit values obtained by experiment. 
The lookup table is useful when the brightness of an image is 
non-linearly influenced by decrease in the output of the back 
light 20. 
0067. An example of the lookup table is shown in FIG. 3. 
0068. As shown in FIG. 3, the stored output of the back 
light is decreased as the remaining amount of the battery 70 is 
decreased, and the stored brightness limit value is increased 
as the remaining amount of the battery 70 is decreased. The 
values presented in the table of FIG.3 are values determined 
by experiment on the basis of the aforementioned mathemati 
cal expressions. 



US 2009/01 09246 A1 

0069. Although only the brightness limit value and output 
value of the backlight 20 are stored in the lookup table shown 
in FIG. 3, the pixel brightness correction value may also be 
stored in the lookup table. 
0070. Meanwhile, in another embodiment of the present 
invention, the control unit 40 detects a brightness value of an 
output image and calculates an output value of the backlight 
20 and a pixel brightness correction value using the detected 
brightness value. 
0071 FIG. 4 is a block diagram showing a display appa 
ratus according to the other embodiment of the present inven 
tion, and FIG. 5 is a graph showing an example of brightness 
histograms of input and output images in the other embodi 
ment of the present invention. 
0072 That is, the control unit 40 detects a brightness value 
of the brightest pixel (hereinafter, referred to as a “pixel 
brightness maximum value') among brightness of pixels in 
an input image and increases brightness of all the pixels by a 
difference between the pixel brightness maximum value and 
the maximum brightness value. 
0073. To this end, as shown in FIG. 4, the control unit 40 
according to the other embodiment of the present invention 
includes a detector 44 for detecting brightness of pixels in an 
input image and an operation unit 42 for calculating the pixel 
brightness correction value using the brightness of the pixels 
detected by the detector 44 and calculating the output value of 
the backlight 20 in accordance with the pixel brightness cor 
rection value. 

0074 That is, as shown in FIG. 5 using histograms, the 
detector 44 detects the pixel brightness maximum value 
among the brightness of pixels in an input image indicated by 
a dotted line, and the operation unit 42 calculates a difference 
between the maximum brightness value and the pixel bright 
ness maximum value and then increases brightness of each 
pixel as much as the difference (the input image is converted 
into an image having a brightness histogram indicated by a 
solid line shown in FIG. 5). As a result, the output value of the 
backlight 20 can be reduced as much as the increased bright 
ness of the pixels. 
0075. At this time, the detector 44 may detect brightness of 
the respective pixels forming the input image and then store 
the detected brightness in a buffer. In this case, the detected 
brightness is stored in a two-dimensional variable corre 
sponding to the number of pixels. 
0076 Furthermore, the pixel brightness maximum value 
may be calculated for all output images. However, consider 
ing effectiveness, the pixel brightness maximum value may 
be obtained by calculating an average of brightness of pixels 
for a specific period of time or for the specific number of 
image frames. 
0077. Hereinafter, the pixel brightness maximum value is 
calculated with respect to one input image frame for conve 
nience of illustration. However, the same configuration and 
procedure are also applied when an average of brightness of 
pixels in a plurality of input images is calculated to obtain the 
pixel brightness maximum value. 
0078. The output value of the backlight 20 and the pixel 
brightness correction value according to the other embodi 
ment of the present invention are expressed as shown in 
mathematical expressions 5 and 6. 
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0079 where OP is an output value of the backlight 20, 
OP is a maximum output value, BR is a maximum 
brightness value, and BR is a pixel brightness maximum 
value. 

0080. In addition, I and Ka are correction coefficients 
determines by experiment to correspond a change in the out 
put of the backlight 20 to the increase/decrease in brightness. 

BR 

I0081 where BR is a pixel brightness correction value, 
BR is an input brightness value, BR, is a maximum 
brightness value, and BR is a pixel brightness maximum 
value. 

I0082 In addition, Ks is a correction coefficient. 
I0083. In the other embodiment of the present invention, 
the output value of the backlight 20 and the pixel brightness 
correction value may be obtained by reading a lookup table 
stored in a storage unit 50, instead of using mathematical 
expressions 5 and 6. 
I0084. Meanwhile, each of the specific and other embodi 
ments of the present invention includes the battery 70 and the 
AC power source unit 60 as shown in FIGS. 1 and 4. 
I0085. The AC power source unit 60 is a unit for receiving 
power Supplied from an AC power source and Supplying the 
power to an electronic device having the display apparatus, 
and the battery 70 is a unit for supplying power to the elec 
tronic device using charged power when the AC Source is not 
Supplied. 
I0086. At this time, since an object of the present invention 
is to reduce power consumption of the battery 70 and extend 
a use time of the electronic device, the display apparatus of 
the present invention may not operate when the AC power 
Source is connected. 

I0087 Hereinafter, a control method of the display appa 
ratus according to the present invention will be described in 
detail. 

I0088 FIG. 6 is a flowchart illustrating a control method of 
the display apparatus according to the specific embodiment of 
the present invention, and FIG. 7 is a flowchart illustrating a 
control method of the display apparatus according to the other 
embodiment of the present invention. 
0089. As shown in FIG. 6, in a control method of the 
display apparatus according to the specific embodiment of the 
present invention, the control unit 40 first determines whether 
or not an AC power source is connected (S.110). 
0090 This is to allow the display apparatus of the present 
invention not to operate when an electronic device having the 
display apparatus of the present invention receives power 
supplied from the AC power source. 
(0091) If it is determined at step S110 that the AC power 
source is not connected, the control unit 40 confirms the 
remaining amount of the battery (S120). The remaining 
amount of the battery may be measured by receiving infor 
mation on the remaining amount of the battery transmitted 
from a smart battery 70 or by directly measuring voltage or 
current of the battery 70. 
0092. Thereafter, the control unit 40 determines whether 
or not the remaining amount of the battery 70 is below a 
predetermined value (S130). When the remaining amount of 
the battery 70 is sufficient, the present invention is not imple 
mented. When the remaining amount of the battery is insuf 
ficient, power consumption of the backlight 20 is reduced, 
thereby reducing power consumption of the battery 70. 
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0093. Thus, if it is determined at step S130 that the remain 
ing amount of the battery 70 is below the predetermined 
value, the operation unit 42 provided in the control unit 40 
calculates an output value of the backlight 20 and a brightness 
limit value using the remaining amount of the battery 70 
(S140). 
0094. The output value of the backlight 20 and the bright 
ness limit value are calculated as described above. 
0095. The operation unit 42 calculates a pixel brightness 
correction value using the brightness limit value (S150). At 
this time, the pixel brightness correction value is calculated 
also as described above. 
0096. Thereafter, the control unit 40 changes output of the 
backlight 20 using the output value of the backlight 20 cal 
culated by the operation unit 42, corrects brightness of each 
pixel in an image to be outputted using the pixel brightness 
correction value calculated by the operation unit 42, and then 
displays the image through the display panel 10 (S160 and 
S170). 
0097. Then, the control unit 40 repeatedly performs steps 
S110 to S170 until a function cancellation command or a 
system termination command is transmitted by a user (S180). 
0098. In a control method of the display apparatus accord 
ing to the other embodiment of the present invention, the 
control unit 40 confirms connection of an AC power Source 
and senses the remaining amount of the battery in the same 
manner as the specific embodiment of the present invention as 
shown in FIG.7, thereby determining execution of the present 
invention (S210, S220 and S230). 
0099. Thereafter, in the other embodiment of the present 
invention, the detector 44 provided in the control unit 40 
detects a maximum brightness value (a pixel brightness maxi 
mum value) among brightness of pixels in an input image 
(S240). At this time, the pixel brightness maximum value may 
be obtained from an average of respective pixel values in a 
plurality of frames divided by the unit of time or by the 
number of output image frames. 
0100 For example, if the plurality of frames are divided by 
the unit of 5 minutes, an average of brightness at pixel (1, 1) 
outputted for 5 minutes is calculated and then stored in vari 
able (1, 1). In the same method, averages of brightness of 
respective pixels are stored in a matrix of n by m, and a 
maximum brightness value is then calculated from the matrix 
of n by m. 
0101. After the detector 44 calculates the pixel brightness 
maximum value, the operation unit 42 calculates an output 
value of the backlight 20 and a pixel brightness correction 
value using the calculated pixel brightness maximum value 
(S250). 
0102 At this time, the output value of the backlight 20 and 
the pixel brightness correction value are calculated as 
described above. 
0103) The control unit 40 changes output of the backlight 
20 and brightness of output pixels using the output value of 
the backlight 20 and the pixel brightness correction value 
calculated in the same manner as the specific embodiment of 
the present invention (S260 and S270). 
0104. Thereafter, the control unit 40 repeatedly performs 
steps S210 to S270 until a function cancellation command or 
a system termination command is transmitted by a user 
(S280). 
0105. The scope of the present invention is not limited to 
the embodiments described and illustrated above but is 
defined by the appended claims. It will be apparent that those 
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skilled in the art can make various modifications and changes 
thereto within the scope of the invention defined by the 
claims. 
0106 For example, it has been described herein that a 
brightness maximum value of pixels in an input image is 
changed into a maximum brightness value Supported by a 
display apparatus using the brightness maximum value. How 
ever, when the number of pixels having the brightness maxi 
mum value is extremely small and most of the other pixels 
have a low brightness value, it is possible to ignore the minor 
ity pixels having the brightness maximum value, increase 
brightness values of all pixels, and then adjust brightness of 
pixels that exceed the maximum brightness value to the maxi 
mum brightness. 
0107 Quantitatively, an average brightness value of pixels 
having brightness of top X % is set as the pixel brightness 
maximum value, and brightness values of the respective pix 
els are uniformly increased so that the pixel brightness maxi 
mum value becomes the maximum brightness value. At this 
time, output of the backlight is reduced as much as the 
increased brightness value, thereby reducing power con 
Sumption. 
0108. In this case, since brightness of some pixels within 
the top X% needs to be corrected to brightness exceeding the 
maximum brightness, which is impossible, the brightness of 
these pixels is set as the maximum brightness. 
0109 The reason is to prevent a situation where brightness 
values of the pixels cannot be increased due to the minority 
pixels having the brightness maximum value although most 
of the pixels have low brightness values, even when reducing 
power consumption is seriously needed. 
0110 Since an image is degraded when a value “X” is too 
large, the value “X” should be set to a proper size by experi 
ment. 

What is claimed is: 
1. A display apparatus, comprising: 
a display panel; 
a display controller configured to control a brightness of an 

image displayed on the display panel and to control an 
output of a backlight of the display panel; and 

a control unit configured to detect the remaining amount of 
a battery and to control the display controller in accor 
dance with the remaining amount of the battery, 

wherein the control unit includes an operation unit config 
ured to calculate an output value of the backlight and a 
pixel brightness correction value of the output image. 

2. The display apparatus as claimed in claim 1, wherein the 
operation unit is configured to calculate a brightness limit 
value (BR) and the output value of the backlight (OP) in 
accordance with the remaining amount of the battery, and to 
calculate the pixel brightness correction value (BR) in 
accordance with the brightness limit value. 

3. The display apparatus as claimed in claim 2, wherein the 
control unit is configured to set the brightness limit value to a 
value with which a decrease in the brightness of the image is 
compensated in accordance with a decrease ill the output 
value of the backlight. 

4. The display apparatus as claimed in claim3, wherein the 
control unit is configured to determine the output value of the 
backlight in proportion to the remaining amount of the bat 
tery, to determine the brightness limit value in inverse pro 
portion to the output value of the backlight, and to determine 
the pixel brightness correction value in proportion to the 
brightness limit value. 
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5. The display apparatus as claimed in claim 1, further 
comprising: 

a storage unit storing a brightness upper limit value and the 
output value of the backlight in accordance with the 
remaining amount of the battery, 

wherein the operation unit is configured to calculate the 
brightness upper limit value and the output value of the 
backlight by reading a lookup table stored in the storage 
unit. 

6. A display apparatus, comprising: 
a display panel; 
a display controller configured to control a brightness of an 

image displayed on the display panel and output of a 
backlight of the display panel; and 

a control unit configured to control the display controller, 
wherein the controller comprises: 

a detector configured to detect pixel brightness of an 
input image; and 

an operation unit configured to calculate an output value 
of the backlight and a pixel brightness correction 
value using the pixel brightness detected by the detec 
tOr. 

7. The display apparatus as claimed in claim 2, wherein the 
operation unit is configured to calculate the output value of 
the backlight and the pixel brightness correction value using 
a pixel brightness maximum value (BR) detected by the 
detector. 

8. The display apparatus as claimed in claim 7, wherein the 
output value of the backlight is in proportion to the pixel 
brightness maximum value, and the pixel brightness correc 
tion value is in inverse proportion to the pixel brightness 
maximum value. 

9. The display apparatus as claimed in claim8, wherein the 
control unit is configured to set the output value of the back 
light to offset an increase in brightness of the image, the 
control unit configured to increase the brightness of the image 
when the pixel brightness maximum value is changed to a 
maximum brightness value. 

10. The display apparatus as claimed in claim 9, wherein 
the operation unit is configured to calculate the pixel bright 
ness maximum value from an average brightness of images 
outputted for a specified period of time. 

11. A display control method for saving power, comprising 
the steps of: 

(A) measuring a remaining amount of a battery; 
(B) calculating an output value of a backlight and a pixel 

brightness correction value of an output image using the 
remaining amount of the battery; and 

(C) changing a display setting using the calculated output 
value of the backlight and pixel brightness correction 
value, thereby displaying an image. 

12. The method as claimed in claim 11, wherein steps (A) 
to (C) are performed only when the remaining amount of the 
battery is below a predetermined value. 

13. The method as claimed in claim 12, wherein step (B) 
comprises the steps of 

(B1) calculating the output value of the backlight using the 
remaining amount of the battery; 

(B2) calculating a pixel brightness limit value using the 
remaining amount of the battery; and 

(B3) calculating the pixel brightness correction value using 
the pixel brightness limit value. 
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14. The method as claimed in claim 13, wherein in steps 
(B1) and (B2), the output value of the backlight and the pixel 
brightness limit value are read and calculated from a lookup 
table. 

15. The method as claimed in claim 13, wherein in step 
(B3), the pixel brightness correction value is read and calcu 
lated from a lookup table. 

16. The method as claimed in claim 13, further comprising: 
setting the brightness limit value to a value; and 
compensating a decrease in brightness of the image in 

accordance with a decrease in the output value of the 
backlight. 

17. The method as claimed in claim 13, wherein the output 
value of the backlight is expressed by: 

where OP is the output value of the backlight, BA, 
remaining amount of the battery, BA, is a minimum capac 
ity of the battery, BA is a maximum capacity of the battery, 
OP is a maximum output value, OP, is a minimum out 
put value, and I, J. and K- are correction coefficients. 

18. The method as claimed in claim 17, wherein the bright 
ness limit value is expressed by: 

is the 

is the minimum 
where BR, is the brightness limit value, BA 
remaining amount of the battery, BA 
capacity of the battery, BA is the maximum capacity of the 
battery, BR is a maximum brightness Value, BR is a 
maximum brightness limit value, BR, is a minimum bright 
ness value, and I, J. and K are correction coefficients. 

19. The method as claimed in claim 18, wherein the pixel 
brightness correction value is expressed by: 

where BR is the pixel brightness correction value, BR, is 
the brightness limit value, BR is the maximum brightness 
value, BR, is an input brightness value, and I and K- are 
correction coefficients. 

20. A display control method for saving power, comprising 
the steps of: 

(A) detecting a maximum brightness value of an input 
image; 

(B) calculating an output value of a backlight using the 
maximum brightness value; 

(C) calculating a pixel brightness correction value using 
the maximum brightness value; and 

(D) changing display setting using the calculated output 
value of the backlight and pixel brightness correction 
value. 

21. The method as claimed in claim 20, wherein steps (A) 
to (D) are performed only when the remaining amount of the 
battery is below a predetermined value. 

22. The method as claimed in claim 20, further comprising: 
setting the output value of the backlight to offset an 

increase in brightness of the image, and increasing the 
brightness of the image when a pixel brightness maxi 
mum value is changed to the maximum brightness value. 

23. The method as claimed in claim 22, further comprising: 
calculating the pixel brightness maximum value from an 

average brightness of images outputted for a specified 
period of time. 
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24. The method as claimed in claim 23, wherein the output 25. The method as claimed in claim 23, wherein the pixel 
value of the backlight is expressed by: brightness correction value is expressed by: 

BR,-BR,+(BR-BR)+Ks. 
OP=OP-I (BR-BR)/BRI*OP+ 
K4. where BR is the pixel brightness correction value, BR, is 

an input brightness value, BR is the maximum brightness 
where OP, is the output value of the backlight, OP, is a value, BR is the pixelbrightness maximum value, and Ks is 
maximum output value, BR, is the maximum brightness a correction coefficient. 
value, BR is the pixel brightness maximum value, and I 
and K are correction coefficients. ck 


