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IMAGE DISPLAY APPARATUS AND DRIVING 
METHOD THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims foreign priority based on 
Japanese Patent application No. 2007-087304 filed on Mar. 
29, 2007, the contents of which is incorporated herein by 
reference in its entity. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an image display 
apparatus used for electronic equipment including a display 
device having a plurality of light emitting elements, and 
relates to a driving method of the image display apparatus. 
0004 2. Description of the Related Art 
0005 Liquid crystal displays (LCDs) are commonly used 
as display devices in electronic equipment such as laptop 
computer and mobile phones. 
0006 Recently, organic electro-luminescent (EL) dis 
plays (organic light emitting diode (OLED) displays) have 
attracted attention as display devices capable of replacing 
LCDS. 
0007 OLED displays are self-light emitting display 
devices, like cathode ray tube (CRT) displays or plasma dis 
plays. In OLED displays, an anode electrode including 
indium tin oxide (ITO) is formed on a glass substrate, and an 
organic layer including a hole transport layer, a light emitting 
layer, and an electron transport layer, and a cathode electrode 
including a metal electrode are formed on the anode elec 
trode. 
0008 Since OLED displays are self-light emitting 
devices, they consume power by emitting light. Power con 
Sumption is very low when black is displayed, and power 
consumption is maximum when white is displayed. Further, 
higher luminance display consumes a larger amount of 
power, and low luminance display only requires a small 
amount of power. 
0009. There is also a demand for reducing the size of 
portable terminals. Thus, the size of batteries is also reduced, 
and it is desirable that the portable terminals be operated for 
a long time by using a small amount of power. Therefore, 
there is a need to control power consumption. 
0010 Techniques for controlling power consumption of a 
display in a portable terminal are disclosed in, for example, 
Japanese Unexamined Patent Application Publication Nos. 
2005-117172 and 2002-123208. 
00.11 Japanese Unexamined Patent Application Publica 
tion No. 2005-117172 discloses an electronic apparatus con 
figured to detect a remaining battery level and to control a 
luminance of a display when it is determined that the remain 
ing battery level is low. 
0012 Japanese Unexamined Patent Application Publica 
tion No. 2002-123208 discloses an image display apparatus 
capable of changing a luminance and power consumption of 
a display and capable of adjusting the luminance and power 
consumption according to environmental conditions such as 
ambient brightness, a remaining battery level, content to be 
displayed, etc. 
0013 However, the technique disclosed in Japanese 
Unexamined Patent Application Publication No. 2005 
117172 is an LCD technique, which has the following draw 
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back. If the remaining battery level is low, luminance control 
is performed regardless of the type of images to be displayed 
on the display. Therefore, even dark images when displayed 
under low power consumption mode, may be displayed at a 
reduced luminance, which makes them hard to view. 
0014. In the technique disclosed in Japanese Unexamined 
Patent Application Publication No. 2002-123208, it is not 
specifically mentioned how to adjust the power consumption 
and luminance according to what type of content to be dis 
played on the display. 
0015 Therefore, there is a need to provide an image dis 
play apparatus and method that allows power consumption to 
be reduced while maintaining high image visibility. 

BRIEF SUMMARY OF THE INVENTION 

0016. The invention addresses the above and other needs 
by disclosing an image display apparatus, and a driving 
method, which allows power consumption to be reduced 
while keeping high image visibility. 
0017. According to one embodiment of the invention, an 
image display apparatus includes a display having a plurality 
of light emitting elements. The image display apparatus also 
includes a controller configured to control displaying an 
image on the display. The controller calculates an amount of 
light output by the light emitting elements to adjust a lumi 
nance of the display according to the light output level. 
0018. According to another embodiment of the invention, 
an image display apparatus includes a display having a plu 
rality of light emitting elements. The image apparatus also 
includes a controller configured to control displaying an 
image on the display and to adjust aluminance of the display 
according to an estimated power consumption level of the 
display. The controller estimates the power consumption 
level based on a light output level of the light emitting ele 
ments in the display. 
0019. According to a further embodiment of the invention, 
a method of driving an image display apparatus having a 
plurality of light emitting elements, includes: calculating a 
light output level of the light emitting elements based on 
image data corresponding to an image to be displayed on the 
display. The driving method further includes determining, 
according to the calculated light output level, whether alumi 
nance of the display should be adjusted and by how much the 
luminance of the display should be adjusted, and then adjust 
ing the luminance of the display based on the determination. 
0020. According to a further embodiment of the invention, 
a method of driving an image display apparatus includes: 
estimating a power consumption level of a display based on 
an amount of light output by a plurality of light emitting 
elements; determining, according to the estimated power con 
sumption level, whether aluminance of the display should be 
adjusted and by how much the luminance should be adjusted; 
and adjusting the luminance of the display based on the deter 
mination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a block diagram showing an example struc 
ture of a portable terminal, in accordance with one embodi 
ment of the invention. 
0022 FIG. 2 is a diagram showing an example of a struc 
ture of an OLED display, in accordance with one embodiment 
of the invention. 
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0023 FIG. 3 is a table showing an exemplary relationship 
between remaining battery levels, estimated power consump 
tion levels, and luminance of a display screen, in accordance 
with one embodiment of the invention. 
0024 FIGS. 4A and 4B provide a flowchart of a process of 
adjusting the luminance of a display apparatus based on a 
determined remaining battery level and power consumption 
level of the display apparatus, in accordance with one 
embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0025 Hereinafter, exemplary embodiments according to 
the present invention are described in detail below with ref 
erence to the appended figures. It should be understood that 
the figures are not necessarily drawn to scale and merely show 
exemplary features of the invention for the purpose of pro 
viding an enabling description of various embodiments of the 
invention. Therefore, the figures along with their associated 
text do not necessarily limit the scope of the invention as set 
forth by the claims provided herein. 
0026 FIG. 1 shows an example structure of a portable 
terminal 100. As shown in FIG. 1, the portable terminal 100 
includes a communication unit 1, a storage unit 2, a display 3, 
an operation unit 4, a battery 5 and a controller 6. 
0027. The communication unit 1 transmits and receives 
various data via a communication network (not shown). 
Examples of the various data may include audio data for Voice 
calling, text data for e-mail transmission and reception, image 
data for an attached file to e-mail, web page data for Internet 
browsing, music data and/or video data. The processing of 
these types of data is controlled by the controller 6 described 
below. As described below, the controller 6 generates an 
image to be displayed on a display 3 on the basis of these types 
of data. 
0028. A storage unit 2 stores various data used for per 
forming the operations of the portable terminal 100. 
Examples of the various data may include the data received by 
the communication unit 1 via the communication network, 
other data necessary for performing processing of the por 
table terminal 100, programs such as applications, and opera 
tions of the portable terminal 100. 
0029. The storage unit 2 also stores a color-based power 
consumption-ratio definition table defining a power con 
Sumption ratio for each color of emitted light and an illumi 
nation-level-based power-consumption-ratio table providing 
a power consumption ratio for each illumination level, which 
are referred to by a power-consumption estimator 62 
described below. In one embodiment, these tables are stored 
in the storage unit 2 before the shipment of the portable 
terminal 100 from a factory. 
0030. In one embodiment, the display 3 includes an OLED 
display, which displays an image that is processed by the 
portable terminal 100, as described below. 
0031. In one embodiment, the display 3 can display 
images Such as a voice call screen (for providing information 
concerning a calling party, a call time, etc.), an e-mail editor 
and viewer, a web pages browser, and a standby Screen. 
0032. The display 3 can further display images (e.g., 
Video, graphics and/or text) at aluminance determined by the 
controller 6. 
0033. One embodiment of an OLED display is briefly 
described. 
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0034 FIG. 2 shows an exemplary structure of an OLED 
display. 
0035. The OLED display includes a plurality of sets of 
light emitting elements arranged in longitudinal and lateral 
directions. Each of the sets can emit light of at least three 
colors. In this embodiment, the three colors are red (R), green 
(G), and blue (B). The drive of the light emitting elements is 
controlled through the controller 6 to display various images. 
As shown in FIG. 2, the OLED display includes a timing 
controller 31, a column driver 32, a row driver 33, a power 
source 34, and an OLED panel 35. 
0036) A video signal (VIDEO) output from the controller 
6 is separated into RGB signals, a vertical synchronization 
signal (VD), and a horizontal synchronization signal (HD) by 
the timing controller 31. The RGB signals are held in analog 
latches by the column driver 32, and then the RGB signals are 
output, as Voltage values, to each of column electrodes (data 
electrodes) of the OLED panel 35 in parallel at a specified 
time. The output signals are converted from Voltage values to 
current values to drive the column electrodes by constant 
currents. Thus, data to be displayed as an image is updated at 
predetermined intervals. 
0037. The vertical synchronization signal VD and the 
horizontal synchronization signal HD are converted into pre 
determined voltage values by the row driver 33. Based on the 
voltage values, it is determined whether pixels selected by the 
column driver 32 are turned on or off. For example, in one 
embodiment, the OLED panel 35 may be an active matrix 
driving system, having rows of m pixels arranged in the lateral 
direction and columns of n pixels arranged in the longitudinal 
direction, wherein each pixel has one light emitting element. 
In this case, the OLED panel 35 typically has m column 
electrodes and n row electrodes. The n row electrodes are 
scanned sequentially from the first row electrode to the n-th 
row electrode. The pixels where the n row electrodes are 
scanned are set to an operation state by the constant current 
signals driven through the column electrodes for only a cer 
tain operating time. Accordingly, the row electrodes are 
sequentially scanned from the first row electrode to the bot 
tom or n-th row electrode to refresh addresses of one screen. 
A single screen image generated by a scan pulse train for the 
first to n-th rows is referred to as a “frame', and the scanning 
of the screenis repeatedly performed to consecutively display 
images. 
0038 An operation unit 4 includes an operation device 
having a ten-key pad, buttons, and Switches, and receives 
user's input operations to the portable terminal 100. 
0039. A battery 5 is a storage battery such as a lithium ion 
secondary battery. Typically the battery 5 is charged when the 
portable terminal 100 is not used. The battery 5 also may be 
charged when the portable terminal 100 is used. A remaining 
battery level of the battery 5 is detected by a remaining 
battery-level detector 61 described below. 
0040. The controller 6 controls the overall operation of the 
portable terminal 100. That is, the controller 6 controls each 
of the components of the portable terminal 100 to perform an 
operation associated therewith. The controller 6 includes the 
remaining-battery-level detector 61 and the power-consump 
tion estimator 62. The remaining-battery-level detector 61 
detects a remaining battery level of the battery 5. It should be 
understood that any known technique can be used for a spe 
cific method of detecting the remaining battery level in one 
embodiment of the present invention. 



US 2008/0238837 A1 

0041. In one embodiment, the remaining-battery-level 
detector 61 represents the detected remaining battery level of 
the battery 5 in terms of a ratio (percentage) with respect to a 
full charge level. 
0042. The power-consumption estimator 62 estimates a 
power consumption required for displaying an image on the 
display 3 on the basis of image data corresponding to the 
image displayed on the display 3. 
0043. In one embodiment, the power-consumption esti 
mator 62 estimates the power consumption required for dis 
playing an image on the display 3 on the basis of a calculated 
light output level, which indicates an amount of light output 
by the light emitting elements in the display 3 designated to 
emit light. In one embodiment, the light output level may be 
determined by determining a light emitting ratio of the dis 
play 3. The light emitting ratio of the display 3 represents a 
ratio of light emitting elements designated to emit light versus 
all the light emitting elements of the display 3. In other words, 
the light emitting ratio of the display 3 indicates what per 
centage of all the pixels is to emit light. The power-consump 
tion estimator 62 estimates a power consumption of the dis 
play 3 on the basis of the light emitting ratio. 
0044. In one embodiment, the power-consumption esti 
mator 62 includes a light-emitting-ratio calculator 621, a 
power-consumption-ratio calculator 622, and a table indexer 
623 in order to estimates the power consumption. 
0045. The light-emitting-ratio calculator 621 scans the 
image data corresponding to an image to be displayed in order 
to count the number of light emitting elements to emit light. It 
is preferable that the number of light emitting elements be 
counted for each color of the light emitting elements. In this 
embodiment, the number of light emitting elements is 
counted for the red, green, and blue color of light emitting 
elements in the display 3. The light-emitting-ratio calculator 
621 Supplies the counted results to the power-consumption 
ratio calculator 622. 
0046. The power-consumption-ratio calculator 622 multi 
plies the counted number of light emitting elements for each 
of colors through the light-emitting-ratio calculator 621 by a 
default value obtained by referring to the color-based power 
consumption-ratio definition table stored in advance in the 
storage unit 2, thereby obtaining a power consumption ratio 
for each of red, green, and blue colors of the display 3 and an 
overall power consumption ratio of the display 3. The power 
consumption-ratio calculator 622 Supplies the results to the 
table indexer 623. 
0047. In one embodiment, the power-consumption-ratio 
calculator 622 calculates a power consumption ratio on the 
basis of not only the number of light emitting elements to emit 
light, but a gradation level of light to be emitted from each of 
the light emitting elements. For example, gradations of 0 to 
255 are assigned to the light emitting elements. In this case, 
when the number of light emitting elements to emit light is 
counted, gradation values for each of the light emitting ele 
ments are also obtained and a sum of the gradation values is 
calculated. The sum of the gradation values is then divided by 
the counted number of light emitting elements. Thus, a power 
consumption of each of the light emitting elements to emit 
light can be determined in more detail on the basis of average 
gradation information concerning the light emitting ele 
ments, which is obtained by dividing the Sum of the gradation 
values for the light emitting elements by the number of 
counted light emitting elements. In other words, an average 
gradation level of the counted light emitting elements is deter 
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mined. The ratio of counted VS. total light emitting elements 
is then multiplied by the average gradation level of the 
counted light emitting elements to provide a more precise 
approximation of a light output level and, hence, the power 
consumption of the display device. Thus, a more precise 
approximation can take into account varying illumination 
levels and lighting conditions such as a dark images with dim 
lighting levels and light images with bright lighting levels. 
0048. The table indexer 623 indexes the illumination 
level-based power-consumption-ratio table stored in advance 
in the storage unit 2 on the basis of the power consumption 
ratio of the overall display screen, which is determined by the 
power-consumption-ratio calculator 622. Thereafter, the 
table indexer 623 obtains an estimated power consumption 
level from the illumination-level-based power-consumption 
ratio table. The estimated power consumption level may be 
defined in advance in accordance with a level of illumination. 

0049. In one embodiment, the power-consumption esti 
mator 62 may perform the above-described power consump 
tion estimation operation at predetermined intervals of time. 
The predetermined time intervals may be stored in the storage 
unit 2. Specifically, the display 3 updates an image displayed 
thereon at intervals of a predetermined period, and bitmap 
data specifying a color to be displayed at each of the pixels on 
the basis of an image to be displayed is generated by the 
controller 6 at intervals of the update period. The controller 6 
determines which light emitting elements emit light. The 
controller 6 also determines gradation data for each of the 
light emitting elements. On the determinations by the con 
troller 6, the power-consumption estimator 62 performs esti 
mation of power-consumption at intervals of the predeter 
mined period, as described above. 
0050. In one embodiment, the power-consumption esti 
mator 62 represents the power consumption of the display 3 
per predetermined time interval in terms of a ratio (percent 
age) with respect to a maximum power consumption (e.g., the 
power consumption per predetermined time interval, which is 
obtained when white is displayed on the entire display 3). 
0051. The controller 6 determines a luminance of the dis 
play 3 on the basis of the remaining battery level detected by 
the remaining-battery-level detector 61 and the estimated 
power consumption level of the display 3, which is estimated 
by the power-consumption estimator 62. 
0.052 FIG. 3 shows an exemplary relationship table that 
defines the relationships between remaining battery level, 
estimated power consumption level, and luminance of a dis 
play screen displayed on the display 3, in accordance with one 
embodiment of the invention. The luminance may be 
expressed as a ratio (percentage) relative to a designated 
luminance (e.g., a luminance of a display Screen displayed 
without any luminance control by the controller 6, which is 
determined by a user's designation or the like). As used 
herein, the term “designated luminance' may refer to default 
luminance level set by a user, manufacturer or other entity, or 
a maximum luminance level of a display device, and may be 
a constant value. As shown in FIG.3, aluminance of a display 
screen to be displayed can be uniquely determined on the 
basis of a remaining battery level and estimated power con 
sumption level. The values shown in FIG.3, including thresh 
old values (such as remaining battery levels of 50% and 25%, 
and power consumptions of 40% and 20%) and luminances 
(such as 75%, 50%, and 25%) of the display screen, are 
merely examples and may be modified. Those values may be 
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arbitrarily determined by a user or may be set in advance 
before the shipment of the portable terminal 100. 
0053 FIG.4, which includes FIGS. 4A and 4B, provides a 
flowchart of a process of adjusting the luminance of a display 
apparatus, in accordance with one embodiment of the inven 
tion. 
0054 The flowchart shown in FIG. 4 may start when an 
image is displayed on the display 3 when the portable termi 
nal 100 is powered on. As discussed above, the controller 6 
determines a luminance of a display Screen on the display 3 
according to the relationship shown in FIG. 3. 
0055. In step ST1, the remaining-battery-level detector 61 
detects a remaining battery level of the battery 5. 
0056. In step ST2, the power-consumption estimator 62 
acquires image data and estimates the power consumption 
required for displaying the image on the display 3. 
0057 The processing of steps ST1 and ST2 described 
above may be performed in reverse order. That is, in step ST1, 
the power-consumption estimator 62 may estimate the power 
consumption required for displaying an image on the display 
3. Then, in step ST2, the remaining-battery-level detector 61 
may detect a remaining battery level of the battery 5. Alter 
natively, the process shown in FIG. 4 may be started when a 
predetermined amount of change occurs in the remaining 
battery level or when a predetermined level of power con 
Sumption occurs. 
0058. In step ST3, the controller 6 determines whether or 
not the remaining battery level of the battery 5 detected in step 
ST1 is greater than 50% and less than or equal to 100%. If so, 
the process proceeds to step ST4; otherwise, the process 
proceeds to step ST7. 
0059. In step ST4, the controller 6 determines whether or 
not the power consumption is greater than 40% and is less 
than or equal to 100% on the basis of the estimated power 
consumption level of the display 3 obtained in step ST2. If so, 
the process proceeds to step ST5; otherwise, the process 
proceeds to step ST6. 
0060. In step ST5, the controller 6 determines the lumi 
nance of the display screen displayed on the display 3 to be 
75% of the designated luminance. 
0061. In step ST6, the controller 6 determines the lumi 
nance of the display screen displayed on the display 3 to be 
equal to the designated luminance (100%). 
0062. In step ST7, the controller 6 determines whether or 
not the remaining battery level of the battery 5 detected in step 
ST1 is greater than 25% and less than or equal to 50%. If so, 
the process proceeds to step ST8: otherwise, the process 
proceeds to step ST13. 
0063. In step ST8, the controller 6 determines whether or 
not the power consumption is greater than 40% and less than 
or equal to 100% on the basis of the estimated power con 
sumption level of the display 3 obtained in step ST2. If so, the 
process proceeds to step ST9; otherwise, the process proceeds 
to step ST10. 
0064. In step ST9, the controller 6 determines the lumi 
nance of the display screen displayed on the display 3 to be 
50% of the designated luminance. 
0065. In step ST10, the controller 6 determines whether or 
not the power consumption is greater than 20% and is less 
than or equal to 40% on the basis of the estimated power 
consumption level of the display 3 obtained in step ST2. If so, 
the process proceeds to step ST11; otherwise, the process 
proceeds to step ST12. 

Oct. 2, 2008 

0066. In step ST1 the controller 6 determines the lumi 
nance of the display screen displayed on the display 3 to be 
75% of the designated luminance. 
0067. In step ST12, the controller 6 determines the lumi 
nance of the display screen displayed on the display 3 to be 
equal to the designated luminance (100%). 
0068. In step ST13, the controller 6 determines whether or 
not the remaining battery level of the battery 5 detected in step 
ST1 is greater than 0% and is less than or equal to 25%. If so, 
the process proceeds to step ST14; otherwise, the process 
ends because the battery 5 is out of power. A remaining 
battery level of 0% is used by way of example. In actuality, 
however, the display 3 and the controller 6 can be out of 
operation before the remaining battery level becomes 0%. 
Thus, a value other than 0% at which these components are 
out of operation may be used. 
0069. In step ST14, the controller 6 determines whether or 
not the power consumption is greater than 40% and is less 
than or equal to 100% on the basis of the estimated power 
consumption level of the display 3 obtained in step ST2. If so, 
the process proceeds to step ST15; otherwise, the process 
proceeds to step ST16. 
(0070. In step ST15, the controller 6 determines the lumi 
nance of the display screen displayed on the display 3 to be 
25% of the designated luminance. 
(0071. In step ST16, the controller 6 determines whether or 
not the power consumption is greater than 20% and is less 
than or equal to 40% on the basis of the estimated power 
consumption level of the display 3 obtained in step ST2. If so, 
the process proceeds to step ST17; otherwise, the process 
proceeds to step ST18. 
(0072. In step ST17, the controller 6 determines the lumi 
nance of the display screen displayed on the display 3 to be 
50% of the designated luminance. 
(0073. In step ST18, the controller 6 determines the lumi 
nance of the display screen displayed on the display 3 to be 
75% of the designated luminance. 
0074. In step ST19, the display 3 displays an image at the 
luminance determined by the controller 6. Then, the process 
returns to step ST1. 
(0075. Afterwards, the processing of steps ST1 to ST19 is 
repeated, for example, each time a predetermined time 
elapses or each time an image displayed on the display 3 is 
changed. 
0076. As described above, according to the portable ter 
minal 100 of the embodiment, the power-consumption esti 
mator 62 estimates a power consumption of the display 3 on 
the basis of a determined light output level, which may 
include a light emitting ratio and/or gradation information in 
order to obtain an estimated power consumption level. If the 
power consumption is large, the controller 6 sets the display 
luminance of the display 3 lower than the designated lumi 
nance, compared with when the power consumption is Small. 
This can reduce the power consumption required for provid 
ing a display on the display 3, resulting in a longer lasting 
display even when there is limited battery capacity. 
0077. Furthermore, in one embodiment, the remaining 
battery-level detector 61 detects a remaining battery level of 
the battery 5. If the remaining battery level is low, the con 
troller 6 lowers the display luminance of the display 3, com 
pared with when the remaining battery level is high. This can 
reduce the power consumption required for providing a dis 
play on the display 3, resulting in longer lasting display even 
when there is limited battery capacity. 
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0078 Moreover, with the above-described structure, the 
time of high-luminance display on the display 3 can be 
reduced, resulting in the longer lifetime of the display 3. 
Further, since displaying at a lowered luminance may be 
performed at appropriate times, a load on the display ele 
ments can be reduced and screen burn-in of the display 3 can 
be reduced. 

0079 While, in the foregoing embodiment, the display 3 
has been described in the context of an OLED display by way 
of example, the present invention is not limited to this 
embodiment. The present invention is applicable to any dis 
play device having a plurality of light emitting elements. 
Examples of display devices having a plurality of light emit 
ting elements, other than an OLED display, include a plasma 
display, for example. Thus, the present invention is also appli 
cable to a plasma display and other similar types of displayS. 
0080 While various embodiments of the present invention 
have been described above, it should be understood that they 
have been presented by way of example only, and not of 
limitation. Likewise, the above figure may depict exemplary 
configurations for the invention, which is done to aid in under 
standing the features and functionality that can be included in 
the invention. The invention is not restricted to the illustrated 
architectures or configurations, but can be implemented using 
a variety of alternative architectures or configurations. Addi 
tionally, although the invention is described above in terms of 
various exemplary embodiments and implementations, it 
should be understood that the various features and function 
ality described one or more of the individual embodiments are 
not limited in their applicability to the particular embodiment 
with which they are described, but instead can be applied, 
alone or in Some combination, to one or more of the other 
embodiments of the invention, whether or not such embodi 
ments are described and whether or not such features are 
presented as being a part of a described embodiment. Thus the 
breadth and scope of the present invention should not be 
limited by any of the above-described exemplary embodi 
mentS. 

0081 Terms and phrases used in this document, and varia 
tions thereof, unless otherwise expressly stated, should be 
construed as open ended as opposed to limiting. As examples 
of the foregoing: the term “including should be read as mean 
“including, without limitation” or the like; the term 
“example' is used to provide exemplary instances of the item 
in discussion, not an exhaustive or limiting list thereof, and 
adjectives such as “conventional.” “traditional.” “normal.” 
“standard.” “known and terms of similar meaning should not 
be construed as limiting the item described to a given time 
period or to an item available as of a given time, but instead 
should be read to encompass conventional, traditional, nor 
mal, or standard technologies that may be available or known 
now or at any time in the future. Likewise, a group of items 
linked with the conjunction “and” should not be read as 
requiring that each and every one of those items be present in 
the grouping, but rather should be read as “and/or unless 
expressly stated otherwise. Similarly, a group of items linked 
with the conjunction “or' should not be read as requiring 
mutual exclusivity among that group, but rather should also 
be read as “and/or unless expressly stated otherwise. Fur 
thermore, although items, elements or components of the 
disclosure may be described or claimed in the singular, the 
plural is contemplated to be within the scope thereof unless 
limitation to the singular is explicitly stated. The presence of 
broadening words and phrases such as "one or more.” “at 
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least.” “but not limited to’ or other like phrases in some 
instances shall not be read to mean that the narrower case is 
intended or required in instances where such broadening 
phrases may be absent. 
What it claimed is: 
1. An image display apparatus comprising: 
a display comprising a plurality of light emitting elements; 

and 
a controller configured to control displaying images on the 

display; and to adjust a luminance level of the display 
based on a calculated light output level associated with 
the plurality of light emitting elements designated to 
emit light. 

2. The apparatus of claim 1, wherein the light output level 
is calculated by calculating a light emitting ratio of the dis 
play, wherein the controller lowers the luminance level of the 
display when the light emitting ratio of the display is rela 
tively high. 

3. The apparatus of claim 2, wherein the light output level 
is calculated by further calculating a gradation level for the 
plurality of light emitting elements, wherein the controller 
lowers the luminance of the display when the gradation level 
is relatively high. 

4. The apparatus of claim 1, wherein the controller calcu 
lates the light output level based on image data Supplied to the 
display. 

5. The apparatus of claim 1, wherein the light output level 
is calculated by calculating a gradation level for the plurality 
of light emitting elements, wherein the controller lowers the 
luminance of the display when the gradation level is relatively 
high. 

6. An image display apparatus comprising: 
a display comprising a plurality of light emitting elements; 

and 
a controller configured to control displaying images on the 

display, wherein the controller estimates a power con 
Sumption value associated with the display and to adjust 
a luminance level of the display according to the power 
consumption value. 

7. The apparatus of claim 6, wherein the controller lowers 
the luminance level of the display when the estimated power 
consumption level is relatively large. 

8. The apparatus of claim 6, further comprising: 
a battery for Supplying power to the display and the con 

troller; 
wherein the controller further adjusts the luminance of the 

display based on an estimated remaining battery level of 
the battery. 

9. The apparatus of claim 6 wherein the power consump 
tion value is estimated based on a calculated light output level 
associated with the plurality of light emitting elements des 
ignated to emit light. 

10. The apparatus of claim 9, wherein the light output level 
is calculated by calculating a light emitting ratio of the dis 
play. 

11. The apparatus of claim 10, wherein the light output 
level is calculated by further calculating a gradation level for 
the plurality of light emitting elements, wherein the light 
output level is based on both the light emitting ratio and the 
gradation level. 

12. The apparatus of claim 9, wherein the light output level 
is calculated by calculating a gradation level for the plurality 
of light emitting elements 
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13. A method of driving an image display apparatus having 
a plurality of light emitting elements, comprising: 

receiving image data corresponding to an image to be 
displayed on the display; 

calculating a light output level associated with the plurality 
oflight emitting elements designated to emit light based 
on the image data; and 

adjusting a luminance level of the display based on the 
calculated light output level. 

14. The method of claim 13, wherein the act of calculating 
the light output level comprises calculating a light emitting 
ratio of the display. 

15. The method of claim 14, wherein the act of calculating 
the light output level further comprises calculating a grada 
tion level for the plurality of light emitting elements. 

16. The method of claim 13, wherein the act of calculating 
the light output level comprises calculating a gradation level 
for the plurality of light emitting elements. 

17. A method of driving an image display apparatus having 
a plurality of light emitting elements, comprising: 

estimating a power consumption level of the display; 
determining, based on the estimated power consumption, 

whether a luminance level of the display should be 
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adjusted and by how much the luminance level of the 
display should be adjusted; and 

adjusting the luminance level of the display based on the 
determination. 

18. The method of claim 17, further comprising: 
detecting a remaining battery level of a battery Supplying 

power to the display; and 
wherein the act of determining is further based on the 

remaining battery level. 
19. The method of claim 17, wherein the act of estimating 

the power consumption level comprises calculating a light 
output level associated with the plurality of light emitting 
elements designated to emit light. 

20. The method of claim 19, wherein the act of calculating 
the light output level comprises calculating a light emitting 
ratio for the display. 

21. The method of claim 20, wherein the act of calculating 
the light output level further comprises calculating a grada 
tion level for the plurality of light emitting elements. 

22. The method of claim 19, wherein the act of calculating 
the light output level comprises calculating a gradation level 
for the plurality of light emitting elements. 
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