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(57) ABSTRACT 

A display apparatus includes a liquid crystal display element, 
a backlight, and a plurality of circuits conducting the follow 
ing. A drive signal for driving the backlight is formed accord 
ing to an adjustment value calculated from the one-screen 
average image luminance in the image signal for display and 
a predetermined linear luminance adjustment curve. An 
image signal amplification control is then conducted accord 
ing to a linear image luminance correction curve specified by 
the adjustment value, the average luminance, and one or both 
of the one-screen minimum and maximum luminance values 
detected from the image signal. The corrected image is then 
Supplied to the liquid crystal display element. In so doing, 
reduced power consumption is realized in the backlight of a 
liquid crystal display element while maintaining the image 
quality of displayed images. 
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FIG. 2 
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FIG. 3 
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DISPLAY APPARATUS, DISPLAY CONTROL 
METHOD, AND DISPLAY CONTROL 

PROGRAM 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a display apparatus 
installed in a compact electronic device such as a mobile 
phone handset, for example, as well as to a control method 
and control program used in Such a display apparatus. 
0003 2. Description of the Related Art 
0004 LCDs (Liquid Crystal Displays) have come into 
widespread use as display elements. Since the liquid crystals 
themselves are not self-emitting, a backlight is usually pro 
vided in order to display images. 
0005 CCFLs (Cold Cathode Fluorescent Lamps) are pri 
marily used as backlights for the relatively large LCDs used in 
devices such as televisions. However, the power consumption 
in the lighting circuitry of CCFLs is large. 
0006 For this reason, there is demand for a backlight 
featuring reduced size, weight, and power consumption for 
use with an LCD installed in a compact electronic device such 
as a mobile phone handset. Furthermore, white LEDs having 
relatively low power consumption have recently come into 
use as backlights for LCDs (Liquid Crystal Displays) used as 
the display elements of PDAs (Personal Digital Assistants). 
0007. However, in order to maintain the image quality of 
images displayed on an LCD, at least a certain amount of 
current is made to flow in the white LED used as the backlight 
to brighten the LCD. The power consumption of the backlight 
LED in the PDA is large as a result. 
0008 For this reason, a large number of inventions related 
to reducing the power consumption of LCD backlights have 
been developed since the introduction of CCFLs for use as 
backlights. 
0009 For example, Japanese Unexamined Patent Appli 
cation Publication No. H11-109317 discloses an invention 
that uses an average picture level (APL) expressing the aver 
age luminance of animage as a basis for controlling backlight 
luminance using a pulse width modulation (PWM) signal, as 
well as for conducting image correction (i.e., image signal 
amplification). 
0010 More specifically, the invention disclosed in JP-A- 
H11-109317 first uses the APL as a basis for detecting a 
Somewhat dark image whose signal luminance is not more 
than an average value, as shown in FIG. 5A, for example. 
Subsequently, the backlight is dimmed for the somewhat dark 
image thus detected. At the same time, the image signal (or 
Video signal) forming the somewhat dark image is amplified 
to the extent that the backlight was dimmed, as shown in FIG. 
SB. 
0011 Operating as described above, the invention dis 
closed in JP-A-H11-109317 is able to reduce backlight power 
consumption by performing a backlight level control (i.e., a 
dimming control) in accordance with the signal luminance. 
Moreover, a bright image is obtained by amplifying the image 
signal to the extent that the backlight is dimmed, thereby 
maintaining the same degree of image visibility as that exist 
ing before the backlight dimming. 

SUMMARY OF THE INVENTION 

0012. The above invention disclosed in JP-A-H11-109317 
is an effective technology in that reduced power consumption 

Nov. 19, 2009 

is realized for an LCD backlight without compromising dis 
played images. However, it has come to be understood that the 
above technology might not function effectively in some 
cases, depending on the properties of the image. 
0013 To explain in further detail: a given image for dis 
play that is made up of an image signal might be dark overall, 
but in many cases will also contain extremely bright (i.e., high 
luminance) image portions. It has been empirically confirmed 
that if the image signal is simply amplified to the extent that 
the backlight is dimmed for Such images, then the image 
displayed by the amplified image signal might appear unnatu 
ral. 
0014 For example, as shown in FIG. 6A, it is conceivable 
that an image signal may be processed wherein the image 
luminance is low overall, but wherein a high-luminance 
image portion exists in the center of the screen. When dis 
playing the image made up of the image signal shown in FIG. 
6A on an LCD screen, the backlight is dimmed, and the image 
signal is amplified to the extent of the dimming. 
0015. In so doing, the high-luminance portion indicated 
by the arrow in FIG. 6B is clipped at a signal luminance of 
100%. In this case, the signal variance in the high-luminance 
portion (i.e., the portion of the image signal indicated by the 
broken lines above the 100% signal luminance level) is lost, 
and the image signal becomes distorted. Consequently, in 
Such cases, there is a high probability that a natural image will 
not be displayed. 
0016 Furthermore, normal video usually contains few 
images wherein the luminance of the overall image is uni 
formly low, instead containing many images that are bright in 
portions even if dark overall. For this reason, if steps are taken 
to prevent distortion of the displayed images, then it is con 
ceivable that the amount of headroom for actually dimming 
the backlight in the image signal to be processed (i.e., the 
amount by which the power provided to the backlight can be 
lowered) will be almost wholly eliminated. 
0017 Devised in light of the foregoing, the present inven 
tion provides technology whereby reduced power consump 
tion in the backlight of a liquid crystal display element is 
realized without being dependent on the characteristics of the 
image signal to be processed, and additionally whereby the 
display image can be suitably displayed. 
0018. A display apparatus in accordance with a first 
embodiment of the present invention that solves the foregoing 
problems is provided with: a liquid crystal display element; 
backlight means for use with the liquid crystal display ele 
ment; average luminance calculating means for calculating 
the one-screen average luminance of an image expressed by 
an image signal for display; adjustment value calculating 
means for calculating an adjustment value used to adjust the 
luminance of the backlight means on the basis of the one 
screen average image luminance from the average luminance 
calculating means, as well as a predetermined linear lumi 
nance adjustment curve; drive signal forming means for 
forming a drive signal used to cause the backlight means to 
emit light on the basis of the adjustment value calculated by 
the adjustment value calculating means, and then providing 
the resulting drive signal to the backlight means; luminance 
information detecting means for detecting one or both of the 
one-screen minimum image luminance and the one-screen 
maximum image luminance in the image signal for display; 
and image correcting means for conducting an amplification 
control with respect to the image signal for display on the 
basis of a linear image luminance correction curve specified 
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by the adjustment value calculated by the adjustment value 
calculating means, the average luminance calculated by the 
average luminance calculating means, and one or both of the 
minimum luminance and the maximum luminance detected 
by the luminance information detecting means, and then pro 
viding the corrected image signal to the liquid crystal display 
element. 
0019. According to the display apparatus in accordance 
with a first embodiment of the present invention, adjustment 
value calculating means uses the one-screen average image 
luminance calculated by average luminance calculating 
means, as well as a predetermined linear luminance adjust 
ment curve, to calculate an adjustment value used to adjust the 
luminance of backlight means. A drive signal for driving the 
backlight means is then formed by drive signal forming 
means in accordance with the calculated adjustment value, 
and the luminance of the backlight means is controlled 
thereby. 
0020. Furthermore, an amplification control is conducted 
with respect to the image signal for display, on the basis of a 
linear image luminance correction curve specified by the 
one-screen average image luminance calculated by the aver 
age luminance calculating means, the adjustment value cal 
culated by the adjustment value calculating means, and one or 
both of the one-screen minimum image luminance and the 
one-screen maximum image luminance detected by the lumi 
nance information detecting means. 
0021. In so doing, a backlight level control is appropri 
ately conducted on the basis of a linear luminance adjustment 
curve, while in addition, an amplification control for the 
image signal for display is appropriately conducted on the 
basis of a linear image luminance correction curve that also 
takes the backlight level control into account. Consequently, 
reduced power consumption in the backlight of a liquid crys 
tal display element is realized without being dependent on the 
characteristics of the image signal to be processed, while in 
addition, images are Suitably displayed with reductions in the 
visibility thereof being prevented. 
0022. A display apparatus in accordance with a second 
embodiment of the present invention is provided with: a liq 
uid crystal display element; backlight means for use with the 
liquid crystal display element; average luminance calculating 
means for calculating the one-screen average luminance of an 
image expressed by an image signal for display; average 
luminance averaging means for averaging the one-screen 
average luminance from the average luminance calculating 
means over a plurality of screens; adjustment value calculat 
ing means for calculating an adjustment value used to adjust 
the luminance of the backlight means on the basis of the 
average value of the average luminance from the average 
luminance averaging means, as well as a predetermined linear 
luminance adjustment curve; drive signal forming means for 
forming a drive signal used to cause the backlight means to 
emit light on the basis of the adjustment value calculated by 
the adjustment value calculating means, and then providing 
the resulting drive signal to the backlight means; luminance 
information detecting means for detecting one or both of the 
one-screen minimum image luminance and the one-screen 
maximum image luminance in the image signal for display; 
luminance information averaging means for calculating one 
or both of the average value of the minimum luminance 
detected by the luminance information detecting means aver 
aged over a plurality of screens, and the average value of the 
maximum luminance detected by the luminance information 
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detecting means averaged over a plurality of Screens; and 
image correcting means for conducting an amplification con 
trol with respect to the image signal for display on the basis of 
a linear image luminance correction curve specified by the 
adjustment value calculated by the adjustment value calcu 
lating means, the average value of the average luminance 
calculated by the average luminance averaging means, and 
one or both of the minimum luminance averaged over a plu 
rality of screens and the maximum luminance averaged over 
plurality of screen calculated by the luminance information 
averaging means, and then providing the corrected image 
signal to the liquid crystal display element. 
0023. According to the display apparatus in accordance 
with a second embodiment of the present invention, adjust 
ment value calculating means calculates an adjustment value 
used to adjust the luminance of backlight means on the basis 
of the value of the average luminance averaged over a plural 
ity of Screens by average luminance averaging means with 
respect to the one-screen average image luminance calculated 
by average luminance calculating means, as well as on the 
basis of a predetermined linear luminance adjustment curve. 
A drive signal for driving the backlight means is then formed 
by drive signal forming means in accordance with the calcu 
lated adjustment value, and the luminance of the backlight 
means is controlled thereby. 
0024. Furthermore, an amplification control is conducted 
with respect to the image signal for display, on the basis of a 
linear image luminance correction curve specified by the 
value of the one-screen average luminance averaged over a 
plurality of Screens by the average luminance averaging 
means, the adjustment value calculated by the adjustment 
value calculating means, and one or both of the minimum 
luminance or the maximum luminance respectively averaged 
over a plurality of screens by luminance information averag 
ing means with respect to one or both of the one-screen 
minimum image luminance and the one-screen maximum 
image luminance detected by luminance information detect 
ing means. 
0025. In so doing, a backlight level control is appropri 
ately conducted on the basis of a linear luminance adjustment 
curve, while in addition, an amplification control for the 
image signal for display is appropriately conducted on the 
basis of a linear image luminance correction curve that also 
takes the backlight level control into account. 
0026. Moreover, the above display apparatus is configured 
to use the value of the one-screen average luminance aver 
aged over a plurality of screens, as well as the one-screen 
minimum luminance and the one-screen maximum lumi 
nance respectively averaged over a plurality of screens. In so 
doing, both the backlight means luminance control and the 
image signal amplification control can be appropriately con 
ducted, even in LCD controllers or similar apparatus wherein 
the image signal is only temporarily stored. Consequently, 
image signals in a low frame rate state can also be processed, 
thereby facilitating additional power savings. 
0027 Thus, according to an embodiment of the present 
invention, reduced power consumption in the backlight of a 
liquid crystal display element is realized without being 
dependent on the characteristics of the image signal to be 
processed, while in addition, images are suitably displayed 
with reductions in the visibility thereof being prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 is a block diagram for explaining a display 
apparatus to which an embodiment of the present invention 
has been applied; 
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0029 FIG. 2 is a diagram for explaining an example of a 
linear luminance adjustment curve (i.e., a linear APL-PWM 
GAIN curve) used in the PWMGAIN calculation circuit 107 
of the display apparatus 100 shown in FIG. 1; 
0030 FIG. 3 is a diagram for explaining an example of a 
linear image luminance correction curve used to conduct 
luminance control with respect to an image signal in the 
image correction circuit 104 of the display apparatus 100 
shown in FIG. 1; 
0031 FIG. 4 is a block diagram for explaining another 
example of a display apparatus to which an embodiment of 
the present invention has been applied; 
0032 FIG. 5 is a diagram for explaining a basic backlight 
dimming method of the related art; and 
0033 FIG. 6 is a diagram for explaining a problem with a 
basic backlight dimming method of the related art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0034. Hereinafter, an embodiment of the present invention 
will be described with reference to the accompanying draw 
ings. By way of example, the embodiment described herein 
after is applied to a display apparatus installed in a mobile 
phone handset, wherein an LCD is used as the display ele 
ment, and a white LED is used as the LCD backlight. In 
addition, in the following detailed description, an image sig 
nal is also taken to include signals expressing a plurality of 
images that collectively form a video sequence. In other 
Words, the image signal herein may also be a Video signal. 
Furthermore, the term “level herein refers to the luminance 
of an image signal or backlight, and is thus used synony 
mously with “luminance' herein. 
0035 (Summary of Processing Executed in Display Appa 
ratus) 
0036. In order to reduce backlight power consumption, the 
display apparatus in accordance with the embodiment here 
inafter described conducts a backlight level control, as well as 
an image signal amplification control. However, it should be 
appreciated that the display apparatus in accordance with the 
embodiment hereinafter described does not simply dim the 
backlight or amplify the image signal. 
0037. The display apparatus in accordance with the 
embodiment hereinafter described executes processing com 
bining the following two types of processing. 
0038 (1) In the backlight level control, the backlight is 
controlled so as not to be overly dimmed and make images 
seem unnatural, even in the case where the average luminance 
of an image expressed by the image signal to be processed is 
low. 
0039 (2) In the image signal amplification control, the 
amplification ratio is changed for the bright portions and the 
dark portions of an image formed by the image signal. Such 
that image saturation and distortion is not noticeable. 
0040. In so doing, reduced backlight power consumption 

is realized by dimming the backlight to a suitable level, even 
when processing an image signal forming a relatively bright 
image. At the same time, the display image is prevented from 
appearing unnatural by conducting the amplification control 
sensitively with respect to the image signal to be processed. 
0041 (Exemplary Configuration of the Display Appara 
tus) 
0042 FIG. 1 is a block diagram for explaining the con 
figuration of a display apparatus in accordance with the 
present embodiment. As shown in FIG. 1, the display appa 
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ratus 100 of the present embodiment is provided with an 
image signal input port 101, an image quality improvement 
circuit 102, and an LCD controller 103 (labeled LCDCTL in 
FIG. 1). 
0043. The display apparatus 100 of the present embodi 
ment is also provided with an image correction circuit 104, an 
average luminance, minimum luminance (Min), and maxi 
mum luminance (Max) calculation circuit 105 (hereinafter 
referred to as the luminance calculation circuit), and a param 
eter configuration register circuit 106. 
0044. In addition, the display apparatus 100 of the present 
embodiment is also provided with a PWMGAIN (i.e., adjust 
ment value) calculation circuit 107, a PWM generation circuit 
108, an LCD panel 109, a central processing unit (CPU) 120, 
and a keypad 121. 
0045 An image signal (i.e., digital image data) input via 
the image signal input port 101 is first input into the image 
quality improvement circuit 102 and the luminance calcula 
tion circuit 105. The image quality improvement circuit 102 
performs various image processing with respect to the image 
signal being processed, such that high-quality image play 
back is achieved while taking into account the characteristics 
of the image signal and the characteristics of the LCD panel 
109, for example. Having been processed by the image qual 
ity improvement circuit 102, the image signal is then Supplied 
to the LCD controller 103. 

0046) The LCD controller 103 is made up of components 
Such as video memory and an LCD control circuit. Given a 
supplied image signal, the LCD controller 103 forms an 
image signal for displaying an image that is Supplied to the 
LCD panel 109. The image signal for display thus formed in 
the LCD controller 103 is then supplied to the image correc 
tion circuit 104. 

0047. The image correction circuit 104 corrects (or 
adjusts) the luminance of the Supplied image signal, while 
also taking into account the backlight luminance adjustment 
processing (i.e., the backlight level control) conducted by the 
functions of the PWMGAIN calculation circuit 107 to be 
hereinafter described. The image signal thus processed in the 
image correction circuit 104 is then supplied to the LCD panel 
109. 

0048 Meanwhile, the luminance calculation circuit 105 
calculates the one-screen average image luminance (i.e., the 
average picture level (APL)) of an individual screen (i.e., 
frame) formed by the image signal Supplied from the image 
signal input port 101. In addition, the luminance calculation 
circuit 105 also detects the one-screen minimum image lumi 
nance (i.e., the minimum picture level (Min)) and the one 
screen maximum image luminance (i.e., the maximum pic 
ture level (Max)). 
0049. The one-screen average picture level (APL), the 
one-screen minimum picture level (Min), and the one-screen 
maximum picture level (Max) solved for by the luminance 
calculation circuit 105 are then supplied to the PWMGAIN 
(i.e., the backlight luminance adjustment value) calculation 
circuit 107. 

0050. In addition, seven parameters used to control the 
luminance of the backlight of the LCD panel 109 are config 
ured in advance in the register of the parameter configuration 
register circuit 106, the parameters having been input via the 
keypad 121 and then set via the CPU 120. 
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0051. As shown in FIG. 1, the seven parameters herein 
include the minimum value (MIN) and the maximum value 
(MAX) of the backlight level adjustment value (PWM 
GAIN). 
0052. In addition, the seven parameters also include two 
threshold values for the average picture level (APL): a first 
threshold value (a lower threshold value for the average lumi 
nance) and a second threshold value (an upper threshold value 
for the average luminance). 
0053. In addition, the seven parameters also include three 
parameters related to a linear luminance adjustment curve 
used to specify the actual adjustment value for the backlight 
luminance. The three parameters are a low-range slope 
(LOW), a mid-range slope (MIDDLE), and a high-range 
slope (HIGH), with each parameter being a slope of the linear 
luminance adjustment curve in respective low, middle, and 
high regions divided according to the average luminance. 
0054 Having been set in the register of the parameter 
configuration register circuit 106, the above seven parameters 
are subsequently supplied to the PWMGAIN calculation cir 
cuit 107. 
0055. In the PWMGAIN calculation circuit 107, a back 
light level adjustment value (PWMGAIN) is computed on the 
basis of the one-screen average image luminance from the 
luminance calculation circuit 105, as well as the linear lumi 
nance adjustment curve determined by the seven parameters 
from the parameter configuration register circuit 106. 
0056 Subsequently, the PWMGAIN calculation circuit 
107 supplies the computed backlight level adjustment value 
(PWMGAIN) to the PWM generation circuit 108. In addi 
tion, the PWMGAIN calculation circuit 107 supplies the 
computed backlight level adjustment value (PWMGAIN) and 
the three luminance-related values received from the lumi 
nance calculation circuit 105 to the image correction circuit 
104. 
0057. Herein, the three luminance-related values that the 
PWM generation circuit 108 receives from the luminance 
calculation circuit 105 and subsequently supplies to the 
image correction circuit 104 are: the one-screen average pic 
ture level (APL), the one-screen minimum picture level 
(Min), and the one-screen maximum picture level (Max). 
0058. On the basis of the backlight level adjustment value 
(PWMGAIN) supplied from the PWMGAIN calculation cir 
cuit 107, the PWM generation circuit 108 forms a PWM 
signal used to cause the white LED backlight for the LCD 
panel 109 to emit light. The PWM generation circuit 108 then 
supplies the PWM signal to the LCD panel 109. 
0059. The LCD panel 109 is provided with an LCD, a 
white LED used as backlight, and an LED drive circuit for the 
white LED. The LED drive circuit drives the white LED 
backlight in accordance with the PWM signal supplied from 
the PWM generation circuit 108. 
0060. In accordance with the characteristics of the pro 
cessing (1) described earlier, the PWMGAIN calculation cir 
cuit 107 computes a backlight level adjustment value (PWM 
GAIN) such that the backlight is not overly dimmed and the 
image does not become unnatural when the average lumi 
nance of an image expressed by the image signal being pro 
cessed is low. In so doing, the luminance of the white LED 
acting as the backlight of the LCD panel 109 can be controlled 
according to the image being processed and not overly low 
ered. 

0061 Meanwhile, in the image correction circuit 104, an 
amplification quantity for the image signal being processed is 
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computed on the basis of the parameters Supplied from the 
PWMGAIN calculation circuit 107, and then amplification 
processing is conducted with respect to the image signal 
supplied from the LCD controller 103. Subsequently, the 
amplified image signal is supplied to the LCD of the LCD 
panel 109. 
0062. In accordance with the characteristics of the pro 
cessing (2) described earlier, the image correction circuit 104 
modifies the amplification ratio for the bright portions and the 
dark portions of the image formed by the image signal. Such 
that image Saturation and distortion is not noticeable. In so 
doing, the high-luminance portions of the image signal are 
not overly amplified, thereby enabling a high-quality image 
to be displayed on the LCD screen of the LCD panel 109. 
0063. In this way, the display apparatus 100 of the present 
embodiment conducts aluminance control with respect to the 
white LED acting as the backlight for the LCD panel 109, 
while also conducting an amplification control with respect to 
the image signal. 
0064. Hereinafter, the processing to calculate (or com 
pute) the backlight level adjustment value (PWMGAIN) con 
ducted by the PWMGAIN calculation circuit 107, and the 
processing to amplify (i.e., correct) the image signal con 
ducted by the image correction circuit 104 in the display 
apparatus 100 of the present embodiment will be respectively 
described in detail. 
0065 (Processing Conducted by the PWMGAIN Calcu 
lation Circuit 107) 
0066 First, the processing conducted by the PWMGAIN 
calculation circuit 107 in the display apparatus 100 of the 
present embodiment will be described. As described earlier, 
the PWMGAIN calculation circuit 107 solves for a backlight 
level adjustment value (PWMGAIN) by using an average 
luminance (APL) Supplied from the luminance calculation 
circuit 105. 
0067. The backlight level adjustment value (PWMGAIN) 
may be thought to express the brightness of the backlight, 
with the backlight being bright to the extent that the value is 
large. More specifically, assuming the backlight level adjust 
ment value (PWMGAIN) takes a value between 0.0 (min) and 
1.0 (max), then the backlight operates at 100% (i.e., the 
luminance is 100%) when PWMGAIN=1.0. 
0068. Furthermore, if the PWMGAIN calculation circuit 
107 in the display apparatus 100 of the present embodiment 
computes the backlight level adjustment value (PWMGAIN) 
in accordance with the average picture level (APL), then the 
PWMGAIN calculation circuit 107 computes PWMGAIN on 
the basis of a linear luminance adjustment curve (i.e., a linear 
APL-PWMGAIN curve). In this case, the seven pre-config 
ured parameters are used. 
0069. The seven parameters are pre-configured in the reg 
ister of the parameter configuration register circuit 106 in the 
display apparatus 100. More specifically, the seven param 
eters include the minimum value (MIN) and the maximum 
value (MAX) of the backlight level adjustment value (PWM 
GAIN), as described earlier. 
0070 The seven parameters also include a first threshold 
value (the lower bound of the average luminance) and a 
second threshold value (the upper bound of the average lumi 
nance) for the average picture level (APL). In addition, the 
seven parameters also include three slope values for the linear 
luminance adjustment curve used to specify the actual adjust 
ment value: a low-range slope (LOW), a mid-range slope 
(MIDDLE), and a high-range slope (HIGH) for the respective 
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low, middle, and high ranges of the linear luminance adjust 
ment curve divided according to the average image lumi 
aCC. 

0071 FIG. 2 is a diagram for explaining the relationship 
between the linear luminance adjustment curve (i.e., the lin 
ear APL-PWMGAIN curve) and the above seven parameters 
used by the PWMGAIN calculation circuit 107 in the display 
apparatus 100 of the present embodiment. 
0072. In FIG. 2, the horizontal axis represents the average 
picture level (APL), while the vertical axis represents the 
backlight level adjustment value (PWMGAIN). In addition, 
in FIG. 2, the linear curve (A) represents the linear luminance 
adjustment curve (i.e., the linear APL-PWMGAIN curve) for 
the backlight. 
0073. As shown in FIG. 2, the linear luminance adjustment 
curve (A) is specified using the above seven parameters, 
which have been determined in advance according to factors 
such as the characteristics of the LCD panel 109 and the 
image quality control state. 
0074 The maximum value (MAX) and the minimum 
value (MIN) in FIG. 2 express the maximum value and the 
minimum value of the backlight level adjustment value (PW 
MGAIN). 
0075. In addition, the first threshold value (TH1) and the 
second threshold value (TH2) in FIG. 2 express APL points 
used to modify the backlight adjustment state (i.e., the points 
dividing the ranges determined according to the average pic 
ture level (APL)). 
0076. In addition, the low-range slope (LOW), the mid 
range slope (MIDDLE), and the high-range slope (HIGH) in 
FIG. 2 respectively express the slope of the linear luminance 
adjustment curve (A) in each predetermined range for the 
average picture level (APL), as described earlier. 
0077. Herein, the first threshold value (TH1) and the sec 
ond threshold value (TH2) described above separate the pre 
determined ranges for the average picture level (APL). In the 
PWMGAIN calculation circuit 107 of the display apparatus 
100 of the present embodiment, the first threshold value 
(TH1) and the second threshold value (TH2) are APL points 
used to divide the linear luminance adjustment curve (A) into 
three ranges (i.e., regions). 
0078 First, the ranges of the average image luminance are 
divided such that the low region is the range of values less 
than the first threshold value (TH1), the middle region is the 
range of values between the first threshold value (TH1) and 
the second threshold value (TH2), and the high region is the 
range of values greater than the second threshold value 
(TH2). 
0079. Furthermore, in the display apparatus 100 of the 
present embodiment, the backlight level adjustment value 
(PWMGAIN) is not simply compared to the average picture 
level (APL). As shown in FIG. 2, different adjustments are 
respectively conducted in the low, middle, and high regions 
separated by the first threshold value (TH1) and the second 
threshold value (TH2) (i.e., the APL points). In other words, 
the display apparatus 100 of the present embodiment is con 
figured to be able to conduct a three-stage adjustment accord 
ing to the average picture level (APL). 
0080 More specifically, in the low range of average pic 
ture level (APL), images appear odd if the backlight lumi 
nance (i.e., the amount of light) is overly reduced. For this 
reason, a lower bound for the backlight level adjustment value 
(PWMGAIN) is set by the minimum value (MIN) of the 
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backlight level adjustment value as shown in FIG. 2, thereby 
preventing the backlight luminance from being overly 
reduced. 
I0081. In addition, if the average picture level (APL) exists 
in the low region below the first threshold value, then sudden 
changes in backlight luminance may instead increase the 
sense of unnaturalness. For this reason, change in the back 
light luminance is kept small by the low-range slope (LOW). 
In this way, when the average picture level (APL) exists in the 
low region below the first threshold value (TH1), the back 
light luminance is made to gradually increase (i.e., in Small 
steps). 
I0082 Furthermore, when the average picture level (APL) 
exists in the middle region between the first threshold value 
(TH1) and the second threshold value (TH2), the average 
picture level (APL) is neither extremely low nor extremely 
high. 
I0083. For this reason, when the average picture level 
(APL) exists in the middle region between the first threshold 
value (TH1) and the second threshold value (TH2), the back 
light luminance is controlled by the mid-range slope 
(MIDDLE) so as to change proportionally to change in the 
average picture level (APL). 
I0084. If the average picture level (APL) exists in the high 
region above the second threshold value (TH2), then the 
image may become Saturated or distorted. In consideration of 
the above, the raising or the backlight luminance is limited by 
the maximum value (Max) of the backlight level adjustment 
value. 
I0085. In addition, when the average picture level (APL) 
exists in the high region above the second threshold value, 
increasing the backlight luminance by a large amount readily 
leads to image Saturation and distortion. For this reason, 
change in the backlight luminance is kept Small by the high 
range slope (HIGH). In this way, the backlight luminance is 
also made to gradually increase (i.e., in Small steps) when the 
average picture level (APL) exists in the high region above the 
second threshold value (TH2). 
I0086. By following the linear luminance adjustment curve 
(A) shown in FIG. 2, the respective backlight level adjustment 
values (PWMGAIN) in the low region, the middle region, and 
the high region are solved for as follows. 
I0087. When the average picture level (APL) exists in the 
low region below the first threshold value (TH1), the back 
light level adjustment value (PWMGAIN) is calculated by 
multiplying the low-range slope (LOW) by the average pic 
ture level (APL), and then adding the minimum adjustment 
value (MIN). 
I0088. When the average picture level (APL) exists in the 
middle region between the first threshold value (TH1) and the 
second threshold value (TH2), the backlight level adjustment 
value (PWMGAIN) is calculated by multiplying the mid 
range slope (MIDDLE) by the average image luminance for 
that region (APL-TH1), and then adding the adjustment value 
(PWMGAIN) for the first threshold value (TH1). 
I0089. When the average picture level (APL) exists in the 
high region above the second threshold value (TH2), the 
backlight level adjustment value (PWMGAIN) is calculated 
by multiplying the high-range slope (HIGH) by the average 
image luminance for that region (APL-TH2), and then adding 
the adjustment value (PWMGAIN) for the second threshold 
value (TH2). 
0090. In so doing, the backlight level adjustment value 
(PWMGAIN) is kept less than or equal to a predetermined 
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maximum value (Max) as shown in FIG. 2, even when the 
average picture level (APL) increases to a high level. 
0091 Moreover, the backlight level adjustment value 
(PWMGAIN) is kept equal to or greater than a predetermined 
minimum value (MIN) as shown in FIG. 2, even when the 
average picture level (APL) decreases to a low level. 
0092. In addition, when the average picture level (APL) 
exists in either a low portion (i.e., the low region) below the 
first threshold value (TH1) or a high portion (i.e., the high 
region) above the second threshold value (TH2), change in 
the backlight level adjustment value (PWMGAIN) is kept 
Small. 

0093. When the average picture level (APL) exists in the 
portion between the first threshold value and the second 
threshold value, the backlight level adjustment value (PWM 
GAIN) is controlled proportionally to the average image 
luminance. 

0094. By conducting the above series of controls with 
respect to the backlight, reduced backlight power consump 
tion is realized. Furthermore, the effects that change in back 
light luminance exerts with respect to an image displayed on 
the LCD are reduced, thereby preventing images displayed on 
the LCD from appearing unnatural. 
0095. In other words, the backlight luminance is kept at or 
below the maximum value (MAX) overall, and when the 
average image luminance exists in the portion below the first 
threshold value (TH1), the backlight luminance is also main 
tained near the backlight minimum value (MIN). Conse 
quently, reduced power consumption in the backlight is real 
ized. 

0096. Moreover, since change in the backlight luminance 
is kept small when the average picture level (APL) exists in 
the portion below the first threshold value (TH1), displayed 
images are prevented from appearing unnatural. Additionally, 
since change in the backlight luminance is similarly kept 
small when the average picture level (APL) exists in the 
portion above the second threshold value (TH2), saturation 
and distortion effects are also reduced. 

0097. In addition, when the average image luminance 
exists in the range between the first threshold value (TH1) and 
the second threshold value (TH2), the backlight luminance is 
controlled in accordance with the average picture level 
(APL), and thus displayed images are not made to appear 
unnatural. 

0098. In this way, in the display apparatus 100 of the 
present embodiment, a linear luminance adjustment curve 
(A) formed as described with reference to FIG. 2 is used, 
thereby enabling the adjustment value for the backlight lumi 
nance (i.e., the backlight luminance value) to be suitably 
determined on the basis of the average picture level (APL). 
0099. It should be appreciated that by adjusting the seven 
parameters described earlier, the display apparatus 100 may 
be configured to prioritize reduced power consumption at the 
expense of somewhat darker displayed images. In contrast, 
the display apparatus 100 may also be configured to prioritize 
image quality at the expense of a less pronounced reduction in 
power consumption. 
0100. In addition, the seven parameters that are actually 
used may also be modified according to the characteristics of 
the LCD panel being used and the image quality control state. 
In the display apparatus 100 of the present embodiment 
herein, the seven parameters described above are specified in 
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advance on the basis of repeated experiments to optimize 
settings with respect to the LCD panel or other components 
being used. 
0101 The low-range slope (LOW) and the high-range 
slope (HIGH) described earlier are herein taken to be slopes 
defining rates of change not greater than that of the average 
luminance. Principally, the low-range slope (LOW) and the 
high-range slope (HIGH) take values less than or equal to 1. 
More specifically, the low-range slope (LOW) and the high 
range slope (HIGH) may take values such as 0.5 and 0.7. 
0102. In addition, the mid-range slope (MIDDLE) is 
herein taken to be proportional to the rate of change of the 
average luminance. More specifically, the mid-range slope 
(MIDDLE) takes a value near or equal to 1, and in some cases 
may take a value greater than 1. 
(0103 Herein, two threshold values (the first threshold 
value and the second threshold value) for the average picture 
level (APL) are used to divide the average image luminance 
domain into three regions (a low region, a middle region, and 
a high region). A slope for the linear luminance adjustment 
curve (A) is then set for each region, and backlight luminance 
adjustment is conducted therewith. However, the present 
invention is not limited to the above. 

0104. It is also possible to set a single threshold value for 
the average picture level, thereby dividing the average image 
luminance domain into two regions (a low region and high 
region). A slope for the linear luminance adjustment curve 
(A) is then set for each of the two regions, and backlight level 
adjustment is conducted therewith. 
0105. It is also possible to set three or more threshold 
values for the average picture level, thereby dividing the 
average picture level domain into four or more regions. A 
slope for the linear luminance adjustment curve (A) is then set 
for each of the four or more regions, and backlight level 
adjustment is then conducted therewith. 
0106. In other words, the number of threshold values for 
the average picture level is not limited to two. One or more 
threshold values may be provided as appropriate to enable 
backlight level adjustment to be suitably conducted in accor 
dance with the characteristics of the display apparatus or 
other factors. 

0107 (Processing Conducted by the Image Correction 
Circuit 104) 
0108. The processing conducted by the image correction 
circuit 104 in the display apparatus 100 of the present 
embodiment will now be described. Together with the back 
light level control conducted by the PWMGAIN calculation 
circuit 107 described above, the image correction circuit 104 
conducts an image signal amplification control in order to 
prevent images displayed on the LCD from appearing unnatu 
ral. 

0109. As described earlier with reference to FIGS.5 and 6, 
there are many cases wherein the image quality of an image 
displayed on an LCD is degraded when the image signal 
forming the image is simply amplified to the extent that the 
backlight luminance is lowered. Particularly, Saturation and 
distortion of the image signal occurs when amplifying image 
portions having a high luminance. 
0110 Consequently, given an image signal to be pro 
cessed, the image correction circuit 104 in the display appa 
ratus 100 of the present embodiment sets a large amplification 
ratio for the part of the image signal corresponding to image 
portions having a relatively low luminance, while setting a 
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Small amplification ratio for the part of the image signal 
corresponding to image portions having a relatively high 
luminance. 
0111. In so doing, a two-stage luminance control can be 
conducted with respect to the luminance of an image signal. 
The luminance control for the image signal is conducted on 
the basis of a linear image luminance correction curve that 
may be predetermined or automatically configured. 
0112 FIG. 3 is a diagram for explaining an example of a 
linear image luminance correction curve used to conduct an 
image signal luminance control in the image correction cir 
cuit 104 of the display apparatus 100 of the present embodi 
ment. 

0113. In FIG. 3, the horizontal axis represents the lumi 
nance value Yin of the input image signal, while the vertical 
axis represents the luminance value Yout of the output image 
signal. In addition, the linear curve (B) shown as a solid line 
in FIG. 3 is the linear image luminance correction curve used 
to correct the luminance of the image signal. The linear curve 
(C) shown as a broken line in FIG.3 has a slope of 1 shown for 
comparison. 
0114. As shown in FIG. 3, when the input image signal 
luminance value Yin exists in the portion below a predeter 
mined inflection point IX (INFLEXTION X), the slope of 
the linear image luminance correction curve (B) becomes a 
lower luminance slope (LOWER). When the input image 
signal luminance value Yin exists in the portionator above the 
predetermined inflection point IX (INFLEXTION X), the 
slope becomes an upper luminance slope (UPPER). 
0115. In addition to the lower luminance slope (LOWER) 
and the upper luminance slope (UPPER), there also exist a 
base luminance BY (BASE Y) and the inflection point IX 
(INFLEXTION X) described above. 
0116. The base luminance BY (BASE Y) is used to fix the 
value of the output signal luminance value Yout to 0 when the 
value of the input signal luminance value Yin is near 0, 
thereby enabling the user to perceive the black portions of 
images as being black without appearing odd. 
0117. The base luminance BY (BASE Y) thus fixes the 
value of the output signal luminance value Yout to 0 when the 
value of the input signal luminance value Yin is near 0. As a 
result, the user is able to perceive black on the display screen 
as natural-looking black. 
0118. As described earlier, the inflection point IX (IN 
FLEXTION X) indicates the inflection point for the slope of 
the linear image luminance correction curve (B). In other 
words, the slope of the linear image luminance correction 
curve (B) becomes the lower luminance slope (LOWER) in 
the portion where the luminance value is lower than the 
inflection point IX (INFLEXTION X). In addition, the slope 
of the linear image luminance correction curve (B) becomes 
the upper luminance slope (UPPER) in the portion where the 
luminance value is higher the inflection point IX (INFLEX 
TION X). 
0119. It is possible to manually configure the above four 
parameters in advance. However, it is also possible to auto 
matically configure the above four parameters, which will be 
later described in detail. By using the above four parameters, 
the image luminance correction state (i.e., the state of the 
amplification control) with respect to the image signal being 
processed can be changed. 
0120) Furthermore, by following the linear image lumi 
nance correction curve (B) shown in FIG. 3, the image lumi 
nance in the portion where the luminance value is lower than 
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the inflection point IX (INFLEXTION X) and the image 
luminance in the portion where the luminance value is higher 
than the inflection point IX (INFLEXTION X) are solved for 
as follows. 

I0121 When the input signal luminance value Yin exists in 
the region below the inflection point IX (INFLEXTION X), 
the output signal luminance value Yout is calculated by mul 
tiplying the lower luminance slope (LOWER) by the input 
signal luminance value Yin, and then adding the base lumi 
nance BY (BASE Y). 
I0122) When the input signal luminance value Yin exists in 
the regionator above the inflection point IX (INFLEXTION 
X), the output signal luminance value Yout is calculated by 
multiplying the upper luminance slope (UPPER) by the dif 
ference between the signal luminance value Yin and the 
inflection point IX (i.e., the luminance value thereof), and 
then adding the inflection point IX. 
I0123. In the linear image luminance correction curve (B) 
shown in FIG. 3, the slope may be thought of as being virtu 
ally identical to the amplification ratio of the image signal 
luminance. For this reason, the amplification ratio is high in 
the portion where the slope is large (i.e., the lower luminance 
slope (LOWER)). In contrast, the amplification ratio is low in 
the portion where the slope is Small (i.e., the upper luminance 
slope (UPPER)). Consequently, when the slope is less than 1, 
as it is in the portion of the upper luminance slope (UPPER) 
shown in FIG. 3, the image luminance changes in the direc 
tion of attenuation. 
0.124. In the case of an image signal, a high amplification 
ratio corresponds to improved contrast. Consequently, 
although the contrast is improved for low luminance values in 
FIG. 3, there is a possibility that the contrast may worsen for 
portions where the luminance is high. 
0.125 However, as described earlier, the two-stage image 
luminance correction processing for a image signal (i.e., the 
image signal amplification control) is conducted according to 
the linear image luminance correction curve (B) shown in 
FIG. 3. In so doing, the effects imparted by the correction 
processing to the high-luminance portions of the image signal 
can be suppressed. As a result, images are prevented from 
appearing unnatural. 
I0126. In other words, the image luminance is mildly 
amplified for portions in the image where the luminance is 
high, and thus adverse effects such as Saturation of the image 
signal and distortion of the displayed image is prevented, and 
high-quality images are displayed. 
I0127 (Specific Method for Specifying Parameters) 
I0128. A method for specifying the four parameters used in 
the image correction circuit 104 (i.e., the lower luminance 
slope (LOWER), the upper luminance slope (UPPER), the 
base luminance BY (BASE Y), and the inflection point IX 
(INFLEXTION X)) will now be described. 
I0129. It is possible to experimentally find and set suitable 
values in advance for the four parameters used in the image 
correction circuit 104. It is also possible to investigate the 
properties of an image input in advance by Software process 
ing or similar means, and then set the above four parameters 
according to the processing results. 
0.130 However, the image signal luminance correction 
processing conducted in the image correction circuit 104 is 
preferably conducted in association with the LCD backlight 
level control conducted in the PWMGAIN calculation circuit 
107. 
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0131 Consequently, in the image correction circuit 104 of 
the display apparatus 100 of the present embodiment, the 
lower luminance slope (LOWER) is determined on the basis 
of the backlight level adjustment value (PWMGAIN) com 
puted in the PWMGAIN calculation circuit 107. 
0.132. In addition, the upper luminance slope (UPPER) 
and the base luminance BY (BASE Y) are determined on the 
basis of the one-screen average picture level (APL) as well as 
the one-screen minimum (Min) and maximum (Max) picture 
levels. 

0133) Once the above three parameters have been deter 
mined, the inflection point IX (INFLEXTION X) can be 
Solved by means of a simple calculation using the three 
parameters. 
0134 Hereinafter, a specific method for specifying the 
lower luminance slope (LOWER), the upper luminance slope 
(UPPER), the base luminance BY (BASE Y), and the inflec 
tion point IX (INFLEXTION X) will be described. 
0135 First, the method for specifying the lower luminance 
slope (LOWER) will be described. The lower luminance 
slope (LOWER) is set in the PWMGAIN calculation circuit 
107 such that the input signal level is amplified to the extent 
that the backlight level is lowered. More specifically, if the 
backlight level has been lowered to a level p (PWMGAIN), 
then the input signal level is multiplied by 1/p-p'. 
0136. In practice, however, images displayed on the LCD 
panel 109 are also gamma-corrected. Herein, the case of a 
typical gamma value of 2.2 in the LCD panel and a base 
backlight level of 1.0 (100%) will be considered. In addition, 
the units for backlight level and picture level (i.e., the units of 
luminance) herein are cd/m, or “nits”. 
0.137 In this case, if the backlight level is relatively low 
ered to the level p, then the surface luma Y" in the case where 
an image with identical pixel levels is displayed can be 
expressed using the original luminance Y as Y'Yp'. In 
other words, the surface luma Y can be solved for by multi 
plying the original luminance Y of the image by the backlight 
level praised to the 1/2.2 power. 
0138 Consequently, in the display apparatus 100 of the 
present embodiment, the lower luminance slope (LOWER) is 
set by performing a reverse transformation with respect to 
Y=Yp'. In other words, the lower luminance slope 
(LOWER) is set to be p' (praised to the -1/2.2 power). 
Obviously, the lower luminance slope (LOWER) is not lim 
ited to this value, and may be set to another appropriate value 
depending on the particular gamma value used. 
0139 Meanwhile, the upper luminance slope (UPPER) is 
set by experiment using the display apparatus 100 to take a 
value in the range between 0.65 and 1.0, depending on the 
values of the one-screen average picture level (APL) and 
one-screen maximum picture level (Max). 
0140 Consequently, a table is established for determining 
a single value for the upper luminance slope (UPPER) 
belonging to the range between 0.65 and 1.0, on the basis of 
the one-screen average picture level (APL) and the one 
screen maximum picture level (Max). The table herein is 
established in advance in a predetermined memory area 
inside the image correction circuit 104. 
0141. As a result, if the value of the one-screen average 
picture level (APL) is a, and the value of the one-screen 
maximum picture level (Max) is b, for example, then the 
value of the upper luminance slope (UPPER) becomes 0.65. 
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In this way, the upper luminance slope (UPPER) is uniquely 
determined by the average picture level (APL) and the maxi 
mum picture level (Max). 
0142. The base luminance BY (BASE Y) is set by experi 
ment using the display apparatus 100 to take a value in the 
range between 0 and -22, depending on the value of the 
one-screen minimum picture level (Min). 
0.143 Consequently, a table is established for determining 
a single value for the base luminance BY (BASE Y) belong 
ing to the range between 0 and -22, on the basis of the 
one-screen minimum picture level (Min). The above table is 
similarly established in advance in a predetermined memory 
area inside the image correction circuit 104. 
0144. As a result, if the value of the one-screen minimum 
picture level (Min) is c, then the base luminance BY (BASE 
Y) becomes -5.0. In this way, the base luminance BY 
(BASE Y) is uniquely determined by the one-screen mini 
mum picture level (Min). 
0145. It should be appreciated that the base luminance BY 
(BASE Y) is not limited to being solely determined by the 
one-screen minimum picture level (Min), and of course may 
also be determined by a combination of the one-screen mini 
mum picture level (Min) and the average picture level (APL). 
0146 The inflection point IX (INFLEXTION X) can be 
solved for by calculation based on the above three parameters 
(i.e., the lower luminance slope (LOWER), the upper lumi 
nance slope (UPPER), and the base luminance BY (BASE 
Y)). 
0147 More specifically, the linear image luminance cor 
rection curve (B) in the region where the input signal lumi 
nance value Yin is lower than the inflection point IX is 
expressed by the following Eq. 1. 

Yout-lower luminance slope (LOWER)xinput signal 
luminance value Yin-base luminance BY (1) 

0.148. In addition, the linear image luminance correction 
curve (B) in the region where the input signal luminance value 
Yin is higher than the inflection point IX is expressed by the 
following Eq. 2. 

Yout-upper luminance slope (UPPER)xinput signal 
luminance value Yin-intercept in on Yout axis (2) 

0149 Herein, if the maximum value of the picture level is 
taken to be 1.0 (i.e., a luminance of 100%), then when the 
value of the input signal luminance value Yin is 1.0, the value 
of the output signal luminance value Yout also becomes 1.0. 
Consequently, the intercept m on the vertical axis (i.e., the 
Yout axis) can be solved for using the following Eq.3. 

Intercept m on Yout axis=1.0-lower luminance slope 
(LOWER) (3) 

0150. The inflection point IX (INFLEXTION X) to be 
solved for thus becomes the value of the input signal lumi 
nance value Yin in the case where the above Eqs. 1 and 2 are 
equal (i.e., at the position where the lines in Eqs. 1 and 2 
intersect). 
0151. The lower luminance slope (LOWER) can thus be 
determined on the basis of the adjustment value (PWM 
GAIN) from the PWMGAIN calculation circuit. 
0152. In addition, the upper luminance slope (UPPER) 
and the base luminance BY (BASE Y) can thus be deter 
mined by referencing information in tables established in 
advance on the basis of either the average picture level (APL) 
and the maximum picture level (Max), or on the basis of the 
minimum picture level (Min). 
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0153. In addition, the inflection point IX (INFLEXTION 
X) can thus be solved for by calculation on the basis of the 
three parameters determined above (i.e., the lower luminance 
slope (LOWER), the upper luminance slope (UPPER), and 
the base luminance BY (BASE Y)). 
0154 Using the parameters thus specified, an optimal lin 
earimage luminance correction curve (B) is specified for each 
screen, on the basis of one-screen luminance-related infor 
mation in the image signal being processed, as well as the 
backlight level adjustment value (PWMGAIN). 
0155 On the basis of the linear image luminance correc 
tion curve (B) thus specified, suitable amplification control 
can be conducted with respect to an input signal. 
0156 Herein, the lower luminance slope (LOWER) 
described above is proportional to change in the image lumi 
nance of the images being processed. More specifically, the 
lower luminance slope (LOWER) may be near or equal to 1, 
and in Some cases may take a value greater than 1. Mean 
while, the upper luminance slope (UPPER) is less than or 
equal to the change in the image luminance of the images 
being processed. Principally, the upper luminance slope (UP 
PER) takes a value less than or equal to 1. More specifically, 
the upper luminance slope (UPPER) takes values such as 0.5 
and 0.7. 

0157. As has been made clear from the description of the 
display apparatus 100 of the foregoing embodiment, the 
PWMGAIN calculation circuit 107 and the image correction 
circuit 104 function to suitably adjust the backlight lumi 
nance of the LCD panel 109, thereby reducing backlight 
power consumption. Moreover, since the luminance of the 
image signal being processed is also suitably controlled 
simultaneously with the backlight level control, displayed 
images are not degraded. 
0158. Using the display apparatus 100 of the present 
embodiment, it has been confirmed by experiment that it is 
possible to reduce power consumption by 20% to 50% com 
pared to display apparatus of the related art when displaying 
still images of normal landscapes and portraits. Furthermore, 
it has been confirmed that it is possible to reduce power 
consumption by approximately 30% to 80% when displaying 
Video, due to the characteristic of video having a compara 
tively large number of dark image portions. 
0159. In the display apparatus 100 of the foregoing 
embodiment, a backlight level control and an image signal 
amplification control can be suitably conducted on the basis 
of simple parameters such as the average picture level (APL), 
the minimum picture level (Min), and the maximum picture 
level (Max). 
0160 Moreover, the backlight level control and the image 
signal amplification control can be conducted by means of 
relatively small-scale circuits, such as the image correction 
circuit 104, the luminance calculation circuit 105, the param 
eter configuration register circuit 106, and the PWMGAIN 
calculation circuit 107. 

0161 Since the scale of the circuitry that conducts the 
backlight level control and the image signal amplification 
control is relatively small, the power used for image correc 
tion is also slight, and thus an embodiment of the present 
invention may be installed in series after the LCD controller, 
even in high frame rate apparatus. 
0162. In other words, the display apparatus 100 of the 
present embodiment realizes a backlight emission control and 
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an image signal amplification control by following a new and 
relatively simply algorithm, and furthermore without increas 
ing the scale of the circuitry. 
0163. In the display apparatus 100 shown in FIG. 1, the 
image correction circuit 104, the luminance calculation cir 
cuit 105, the parameter configuration register circuit 106, and 
the PWMGAIN calculation circuit 107 are disposed after the 
LCDCTL 103. 
0164. For this reason, in the display apparatus 100 shown 
in FIG. 1, an image signal processed by the image quality 
improvement circuit 102 is subsequently used in the 
LCDCTL 103 to form an image signal for display that is 
supplied to the LCD panel 109, which is then accumulated in 
memory before being Supplied to the image correction circuit 
104. 
0.165 Consequently, the processing in the luminance cal 
culation circuit 105, the parameter configuration register cir 
cuit 106, and the PWMGAIN calculation circuit 107 is con 
ducted while the image signal is being processed in the image 
quality improvement circuit 102 and the LCDCTL 103. 
0166 As a result, the processing in the image correction 
circuit 104 and the processing in the PWM generation circuit 
108 are conducted simultaneously. Consequently, the above 
configuration enables the luminance control-induced back 
light drive control of the LCD panel 109 performed in accor 
dance with the PWM signal to be synchronized with the 
amplification control-induced image signal display process 
ing in the display apparatus 100 described above. 
0167. In the image correction circuit 104 in the display 
apparatus 100 of the present embodiment described with 
reference to FIGS. 1 to 3, the base luminance BY (BASE Y) 
is configured on the basis of the one-screen minimum picture 
level (Min). However, it should be appreciated that solving 
for the one-screen minimum picture level (Min) may be omit 
ted in the case where the base luminance BY (BASE Y) is set 
to a fixed value. 
0168 Consequently, in the above case, just the one-screen 
maximum picture level (Max) may be solved for, and then the 
upper luminance slope (UPPER) may be appropriately solved 
for using the maximum picture level (Max) and the average 
picture level (APL). 
0169. In addition, solving for the one-screen maximum 
picture level (Max) may be omitted in the case where the 
upper luminance slope (UPPER) can be set to a fixed value by 
means of advance tests of the display apparatus 100, for 
example. 
0170 Consequently, in the above case, just the one-screen 
minimum picture level (Min) is solved for, and then the base 
luminance BY (BASE Y) may be appropriately solved for on 
the basis of the minimum picture level (Min). 
0171 In this way, in the case where either the upper lumi 
nance slope (UPPER) or the base luminance BY (BASE Y) 
is to be set to a fixed value, either the one-screen minimum 
picture level (Min) or the one-screen maximum picture level 
(Max) may be solved for in order to determine the other 
parameter that is not set to a fixed value. 
(0172 (Modifications) 
(0173 Meanwhile, the frame rate of content for mobile 
phone handsets is approximately 5 FPS to 30 FPS (frames per 
second), even for video. However, the frame rate of post-LCD 
controller video is raised to approximately 60 FPS. 
0.174. In principal, this raising of the frame rate is per 
formed in order to maintain high image quality, wherein the 
image data for image display that is formed by the LCD 
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controller repeatedly supplies the LCD with the same image 
signal until an image signal for a new image is Supplied. 
0175. As described earlier, since an embodiment of the 
present invention has Small-scale circuitry and low control 
related power consumption, Such an embodiment is favorable 
even when applied after the LCD controller. However, in 
Some cases, an embodiment of the present invention may be 
applied before the LCD controller in order to further suppress 
power draw by the circuits. 
0176 Consequently, a display apparatus 200 in accor 
dance with a modification of an embodiment of the present 
invention and hereinafter described is configured to be able to 
conduct a backlight level control and an image signal ampli 
fication control before the LCD controller. 
0177 FIG. 4 is a block diagram for explaining the display 
apparatus 200 in accordance with the present modification. 
As shown in FIG. 4, the display apparatus 200 of the present 
example is provided with an image signal input port 201, an 
image quality improvement circuit 202, and an LCD control 
ler 203 (labeled LCDCTL in FIG. 4). 
0.178 The display apparatus 200 of the present example is 
also provided with an image correction circuit 204, an aver 
age luminance, minimum luminance (Min), and maximum 
luminance (Max) calculation circuit 205 (hereinafter referred 
to as the luminance calculation circuit), and a parameter 
configuration register circuit 206. 
0179. In addition, the display apparatus 200 of the present 
example is also provided with a PWMGAIN (i.e., adjustment 
value) calculation circuit 207, a PWM generation circuit 208, 
an LCD panel 209, a luminance parameter inter-frame aver 
aging circuit 210, a central processing unit (CPU) 220, and a 
keypad 221. 
0180 Herein, respective circuits among the circuits pro 
vided in the display apparatus 200 shown in FIG. 4 that 
correspond to (i.e., share names with) circuits in the display 
apparatus 100 shown in FIG. 1 have functions similar to those 
of the corresponding circuits described with reference to the 
display apparatus 100 shown in FIG. 1. 
0181. However, as can be understood upon comparison of 
the display apparatus 200 shown in FIG. 4 with the display 
apparatus 100 shown in FIG. 1, the following two significant 
differences also exist. 
0182 First, the display apparatus 200 shown in FIG. 4 
significantly differs from the display apparatus 100 shown in 
FIG. 1 in that the image correction circuit 204, the luminance 
calculation circuit 205, the parameter configuration register 
circuit 206, and the PWMGAIN calculation circuit 207 are 
provided before the LCDCTL 203. 
0183 Second, the display apparatus 200 shown in FIG. 4 
differs from the display apparatus 100 shown in FIG. 1 in that 
the display apparatus 200 additionally includes a luminance 
parameter inter-frame averaging circuit 210 between the 
luminance calculation circuit 205 and the PWMGAIN calcu 
lation circuit 207. 
0184. In the display apparatus 200 shown in FIG. 4, the 
luminance parameter inter-frame averaging circuit 210 
enables components such as the image correction circuit 204 
and the PWMGAIN calculation circuit 207 to be provided 
before the LCDCTL 203. 
0185. More specifically, in the case of the display appara 
tus 100 shown in FIG. 1, the image correction circuit 104, the 
luminance calculation circuit 105, the parameter configura 
tion register circuit 106, and the PWMGAIN calculation cir 
cuit 107 are provided before the LCDCTL 103. 
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0186 For this reason, circuits such as the PWMGAIN 
calculation circuit 107 are able to function and conduct both 
the backlight level control and the image signal amplification 
control with respect to the same image signal during the 
holding period of the image signal in LCDCTL 103, as 
described earlier. 
0187. In contrast, in the case of the display apparatus 200 
shown in FIG. 4, circuits such as the image correction circuit 
204 and the PWMGAIN calculation circuit 207 are provided 
after the LCDCTL 203. For this reason, the average lumi 
nance, the minimum luminance, and the maximum lumi 
nance for a given image signal, as well as the backlight 
adjustment value (PWMGAIN), are not calculated by the 
time that image signal output from the image quality 
improvement circuit 202 is supplied to the image correction 
circuit 204. 
0188 Consequently, in the display apparatus 200 shown in 
FIG.4, the luminance parameterinter-frame averaging circuit 
210 solves for the average value of, for example, the average 
picture levels (APL) of the two most recent frames for which 
average picture levels (APL) have already been calculated by 
the luminance calculation circuit 205. 
0189 More specifically, the luminance parameter inter 
frame averaging circuit 210 calculates the average of the 
average picture levels (APL), the average of the minimum 
picture levels (Min), and the average of the maximum picture 
levels (Max) for the two most recent frames, and then supplies 
the results to the PWMGAIN calculation circuit 207. 
(0190. The PWMGAIN calculation circuit 207 then uses 
the average of the average picture levels (APL) from the 
luminance parameter inter-frame averaging circuit 210 to 
calculate the backlight level adjustment value (PWMGAIN). 
In other words, the PWMGAIN calculation circuit 207 func 
tions identically to the PWMGAIN calculation circuit 107 
shown in FIG. 1, except in that instead of the average picture 
level (APL), the average of the average picture level (APL) is 
used therein. 
(0191 Consequently, in the PWMGAIN calculation circuit 
207 shown in FIG. 4, the linear luminance adjustment curve 
(A) described with reference to FIG. 2 is specified on the basis 
of the seven parameters Supplied from the parameter configu 
ration register circuit 206. 
(0192 Furthermore, in the PWMGAIN calculation circuit 
207, the backlight level adjustment value (PWMGAIN) is 
calculated according to the average of the average picture 
levels (APL) supplied from the luminance parameter inter 
frame averaging circuit 210, and then supplied to the PWM 
generation circuit 208. 
(0193 Similarly to the PWM generation circuit 108 shown 
in FIG. 1, the PWM generation circuit 208 forms a PWM 
signal in accordance with the adjustment value (PWMGAIN) 
supplied from the PWMGAIN calculation circuit 207, and 
then supplies the PWM signal to the LED drive of the LCD 
panel 209. In so doing, a luminance control can be conducted 
with respect to the LED acting as the backlight. 
0194 Meanwhile, the PWMGAIN calculation circuit 207 
supplies the calculated backlight level adjustment value (PW 
MGAIN) to the image correction circuit 204, while addition 
ally supplying the luminance-related information from the 
luminance parameter inter-frame averaging circuit 210 to the 
image correction circuit 204. 
0.195. As also shown in FIG. 4, the luminance-related 
information herein includes the inter-frame average (APL 
(avg.)) of the average picture levels (APL), the inter-frame 
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average (Min (avg.)) of the minimum picture levels, and the 
inter-frame average (Max (avg.)) of the maximum picture 
levels. 

0196. Similarly to the image correction circuit 104 shown 
in FIG. 1, the image correction circuit 204 specifies the linear 
image luminance correction curve (B) to be used with respect 
to the image signal Supplied from the image quality improve 
ment circuit 202 on the basis of the four parameters described 
with reference to FIG. 3. 

0.197 Subsequently, the image correction circuit 204 uses 
the specified linear image luminance correction curve (B) to 
conduct an amplification control with respect to the image 
signal Supplied from the image quality improvement circuit 
202, on the basis of the information supplied from the PWM 
GAIN calculation circuit 207. The post-amplification control 
image signal is then supplied to the LCDCTL 203. 
(0198 The LCDCTL 203 then forms an image signal to be 
supplied to the LCD panel 209 from the amplification-con 
trolled image signal Supplied from the image correction cir 
cuit 204. The resulting image signal is then Supplied to the 
LCD panel 209. 
0199. In so doing, images corresponding to the amplifica 
tion-controlled image signal are displayed on the LCD Screen 
of the LCD panel 209. In addition, the backlight LED of the 
LCD panel 209 is driven by a PWM signal created to control 
the backlight luminance. 
0200 Consequently, the display apparatus 200 of the 
present modification shown in FIG. 4 is similarly able to 
suitably conduct a backlight level control in accordance with 
the linear luminance adjustment curve (i.e., the linear APL 
PWMGAIN curve) described with reference FIG. 2. 
0201 At the same time, the display apparatus 200 is also 
able to conduct an amplification control with respect to an 
image signal to be displayed, in accordance with the linear 
image luminance correction curve described with reference 
to FIG. 3. 

0202 In this way, even when the circuits in accordance 
with an embodiment of the present invention are provided 
before the LCDCTL 203, a backlight level control can be 
Suitably conducted, and reduced backlight power consump 
tion can be realized. 

0203 Moreover, since an amplification control with 
respect to an image signal to be displayed can also be suitably 
conducted in accordance with the backlight level control, 
high-quality images can be displayed without producing 
image Saturation or distortion. 
0204. In addition, in the case of the display apparatus 200 
shown in FIG. 4, circuits such as the image correction circuit 
204 and the PWMGAIN calculation circuit 207 can be pro 
vided before the LCDCTL 203. As a result, the backlight level 
control and the image signal amplification control can be 
conducted with respect to an image signal having a relatively 
low frame rate prior to being processed by the LCDCTL 203. 
Consequently, the power consumption involved in the back 
light level control and the image signal amplification control 
can be prevented from becoming overly large. 
0205 Herein, the luminance parameter inter-frame aver 
aging circuit 210 in the modification shown in FIG. 4 may 
also be configured to solve for average values with respect to 
a larger plurality of frames, within a range allowed by the 
processing time. In addition, the luminance parameter inter 
frame averaging circuit 210 may of course also be configured 
to use weighted averages of a plurality of frames. 
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0206. In the modification shown in FIG. 4, the PWM 
GAIN calculation circuit 207 uses a first threshold value and 
a second threshold value for the average value of the average 
picture levels (APL), thereby dividing the domain of the 
average values of average picture levels into three regions: a 
low region, a middle region, and a high region. A slope for the 
linear luminance adjustment curve (A) is then set for each 
respective region, and the backlight luminance is then 
adjusted therewith. However, the present invention is not 
limited to the above. 

0207. It is also possible to set just one threshold value for 
the average value of the average picture levels, thereby divid 
ing the domain of the average value of average picture levels 
into two regions: a low region and a high region. A slope for 
the linear luminance adjustment curve (A) may then be set for 
each respective region, and the backlight luminance may then 
be adjusted therewith. 
0208. In addition, it is also possible to set three or more 
threshold values for the average value of the average picture 
levels, thereby dividing the domain of the average value of 
average picture levels into four or more regions. A slope for 
the linear luminance adjustment curve (A) may then be set for 
each of the four or more regions, and the backlight luminance 
may then be adjusted therewith. 
0209. In other words, the number of threshold values for 
the average value of average picture levels is not limited to 
two. One or more threshold values may be provided as appro 
priate to enable backlight luminance adjustment to be suit 
ably conducted in accordance with the characteristics of the 
display apparatus or other factors. 
0210 Herein, the modification described with reference to 
FIG. 4 is configured to use the average value of average 
picture levels, the average value of minimum picture levels, 
and the average value of maximum picture levels. Theoreti 
cally, however, the above is equivalent to using the average 
picture level (APL), the minimum picture level (Min), and the 
maximum picture level (Max), similar to the case of the 
display apparatus 100 described with reference to FIG. 1. 
0211. In addition, in the modification shown in FIG.4, the 
image correction circuit 204 is configured to configured the 
base luminance BY (BASE Y) on the basis of the average 
value of the one-screen minimum picture level (Min). How 
ever, Solving for the average value of the one-screen mini 
mum picture level (Min) may be omitted in the case where the 
base luminance BY (BASE Y) is to be set to a fixed value. 
0212 Consequently, in the above case, just the one-screen 
maximum picture level (Max) may be solved for, and then the 
upper luminance slope (UPPER) may be appropriately solved 
for using the maximum picture level (Max) and the average 
picture level (APL). 
0213. In addition, solving for the one-screen maximum 
picture level (Max) may be omitted in the case where the 
upper luminance slope (UPPER) can be set to a fixed value by 
means of advance tests of the display apparatus 200 shown in 
FIG. 4, for example. 
0214 Consequently, in the above case, just the one-screen 
minimum picture level (Min) may be solved for, and then the 
base luminance BY (BASE Y) may be appropriately solved 
for on the basis of the minimum picture level (Min). 
0215. In this way, in the case where either the upper lumi 
nance slope (UPPER) or the base luminance BY (BASE Y) 
is to be set to a fixed value, either the one-screen minimum 
picture level (Min) or the one-screen maximum picture level 
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(Max) may be solved for in order to determine the other 
parameter that is not set to a fixed value. 
0216. In the foregoing embodiment described with refer 
ence to FIGS. 1 to 3, an LCD installed in an LCD panel 109 
corresponds to the liquid crystal display element, while the 
functions of the backlight means are realized by a white LED 
and an LED drive installed in the LCD panel 109. 
0217. In addition, aluminance calculation circuit 105 real 
izes the functions of the average luminance calculating 
means, while a PWMGAIN calculation circuit 107 realizes 
the adjustment value calculating means. A PWM generation 
circuit 108 realizes the functions of the drive signal forming 
CaS. 

0218. In addition, the luminance calculation circuit 105 
also realizes the functions of the luminance information 
detecting means, while an image correction circuit 104 real 
izes the functions of the image correcting means. 
0219. Meanwhile, in the foregoing modification described 
with reference to FIG. 4, an LCD installed in an LCD panel 
209 corresponds to the liquid crystal display element, while 
the functions of the backlight means are realized by a white 
LED and an LED drive installed in the LCD panel 209. 
0220. In addition, aluminance calculation circuit 205 real 
izes the functions of the average luminance calculating 
means, while a luminance parameter inter-frame averaging 
circuit 210 realizes the functions of the average luminance 
averaging means, and a PWMGAIN calculation circuit 207 
realizes the adjustment value calculating means. A PWM 
generation circuit 208 realizes the functions of the drive sig 
nal forming means. 
0221. In addition, the luminance calculation circuit 205 
also realizes the functions of the luminance information 
detecting means, while the luminance parameter inter-frame 
averaging circuit 210 realizes the functions of the luminance 
information averaging means, and an image correction circuit 
204 realizes the functions of the image correcting means. 
0222 (Application of Display Control Method) 
0223) The display apparatus 100 and 200 in accordance 
with the foregoing embodiments are Subject to the application 
of a display control method in accordance with another 
embodiment of the present invention. In other words, the 
circuits in the display apparatus 100 shown in FIG. 1 respec 
tively execute the following processing steps. 
0224 (1) The luminance calculation circuit 105 executes 
an average luminance calculating step, wherein the one 
screen average picture level (i.e., the average luminance) is 
calculated for an image signal to be displayed. 
0225 (2) The PWMGAIN calculation circuit 107 
executes an adjustment value calculating step, wherein an 
adjustment value for adjusting the level (i.e., the luminance) 
of the backlight means for the liquid crystal display element 
is calculated, on the basis of the one-screen average picture 
level calculated in the average luminance calculating step as 
well as a pre-determined linear luminance adjustment curve. 
0226 (3) The PWM generation circuit 108 executes a 
drive signal forming step, wherein a PWM signal (i.e., a drive 
signal) for causing the backlight of the LCD panel 109 to emit 
light is calculated on the basis of the adjustment value calcu 
lated in the adjustment value calculating step. The calculated 
PWM signal is then supplied to the LED drive of the LCD 
panel 109. 
0227 (4) The luminance calculation circuit 105 executes a 
luminance information detecting step, wherein the one 
screen minimum picture level and maximum picture level 
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(i.e., the minimum and maximum luminance) are detected for 
the image signal to be displayed. 
0228 (5) The image correction circuit 104 executes an 
image correcting step, wherein an amplification control is 
conducted with respect to the image signal to be processed on 
the basis of the adjustment value calculated in the adjustment 
calculating step, the average luminance calculated in the aver 
age luminance calculating step, the minimum luminance and 
the maximum luminance detected in the luminance informa 
tion detecting step, as well as a pre-determined linear image 
luminance correction curve. The corrected image signal is 
then Supplied to the liquid crystal display element. 
0229. A display control method that executes the above 
processing steps (1) to (5) is equivalent to the first display 
control method in accordance with an embodiment of the 
present invention. 
0230. Meanwhile, the circuits in the display apparatus 200 
shown in FIG. 4 respectively execute the following process 
ing steps. 
0231 (A) The luminance calculation circuit 205 executes 
an average luminance calculating step, wherein the one 
screen average picture level (i.e., the average luminance) is 
calculated for an image signal to be displayed. 
0232 (B) The luminance parameter inter-frame averaging 
circuit 210 executes an average luminance averaging step, 
wherein the one-screen average picture level calculated in the 
average luminance calculating step is averaged over a plural 
ity of frames. 
0233 (C) The PWMGAIN calculation circuit 207 
executes an adjustment value calculating step, wherein an 
adjustment value for adjusting the level (i.e., the luminance) 
of the backlight means for the liquid crystal display element 
is calculated, on the basis of the average value of the average 
picture level calculated in the average luminance averaging 
step, as well as a pre-determined linear luminance adjustment 
CUV. 

0234 (D) The PWM generation circuit 208 executes a 
drive signal forming step, wherein a PWM signal (i.e., a drive 
signal) for causing the backlight of the LCD panel 209 to emit 
light is calculated on the basis of the adjustment value calcu 
lated in the adjustment value calculating step. The calculated 
PWM signal is then supplied to the LED drive of the LCD 
panel 209. 
0235 (E) The luminance calculation circuit 205 executes a 
luminance information detecting step, wherein the one 
screen minimum picture level and maximum picture level 
(i.e., the minimum and maximum luminance) are detected for 
the image signal to be displayed. 
0236 (F) The luminance parameter inter-frame averaging 
circuit 210 executes a luminance information averaging step, 
wherein the minimum luminance and the maximum lumi 
nance detected in the luminance information detecting step 
are respectively averaged over a plurality of frames. 
0237 (G) The image correction circuit 204 executes an 
image correcting step, wherein an amplification control is 
conducted with respect to the image signal to be processed on 
the basis of the adjustment value calculated in the adjustment 
calculating step, the average value of the average luminance 
calculated in the average luminance averaging step, the value 
of the minimum luminance and the value of maximum lumi 
nance respectively average over a plurality of frames in the 
luminance information averaging step, as well as a pre-deter 
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mined linear image luminance correction curve. The cor 
rected image signal is then supplied to the LCD of the LCD 
panel 209. 
0238 A display control method that executes the above 
processing steps (A) to (G) is equivalent to the second display 
control method in accordance with an embodiment of the 
present invention. 
0239 (Realization of Display Control Program) 
0240. It is also possible to apply a display control program 
in accordance with an embodiment of the present invention to 
the display apparatus 200 of the foregoing embodiment. In 
other words, in the display apparatus 200 shown in FIG.4, the 
respective functions of the image correction circuit 204, the 
luminance calculation circuit 205, the parameter configura 
tion register circuit 206, the PWMGAIN calculation circuit 
207, and the luminance parameter inter-frame averaging cir 
cuit 210 may be realized by means of a program executed by 
the CPU 220. 
0241 More specifically, the respective processes con 
ducted by the circuits of the display apparatus 200 may be 
realized by means of a program executed by the CPU 220 as 
follows. The program may be configured as a computer 
readable program causing the CPU 220 of the display appa 
ratus 200 to execute the following steps: 
0242 the average luminance calculating step (A) con 
ducted by the luminance calculation circuit 205, wherein the 
one-screen average picture level (i.e., the average luminance) 
is calculated for an image signal to be displayed; 
0243 the average luminance averaging step (B) conducted 
by the luminance parameter inter-frame averaging circuit 
210, wherein the one-screen average picture level calculated 
in the average luminance calculating step is averaged over a 
plurality of frames: 
0244 the adjustment value calculating step (C) conducted 
by the PWMGAIN calculation circuit 207, wherein an adjust 
ment value for adjusting the level (i.e., the luminance) of the 
backlight for the LCD panel 209 is calculated on the basis of 
the average value of the average picture level calculated in the 
average luminance averaging step as well as a pre-determined 
linear luminance adjustment curve, and then the calculated 
adjustment value is Supplied to drive signal forming means 
for forming a drive signal that causes the backlight to emit 
light; 
0245 the luminance information detecting step (E) con 
ducted by the luminance calculation circuit 205, wherein the 
one-screen minimum picture level and maximum picture 
level (i.e., the minimum and maximum luminance) are 
detected for the image signal to be displayed; 
0246 the luminance information averaging step (F) con 
ducted by the luminance parameter inter-frame averaging 
circuit 210, wherein the minimum luminance and the maxi 
mum luminance detected in the luminance information 
detecting step are respectively averaged over a plurality of 
frames; and 
0247 the image correcting step (G) conducted by the 
image correction circuit 204, wherein an amplification con 
trol is conducted with respect to the image signal to be pro 
cessed on the basis of the adjustment value calculated in the 
adjustment calculating step, the average value of the average 
luminance calculated in the average luminance averaging 
step, the value of the minimum luminance and the value of the 
maximum luminance respectively averaged over a plurality 
of frames in the luminance information averaging step, as 
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well as a pre-determined linear image luminance correction 
curve, and then the corrected image signal is Supplied to the 
LCD of the LCD panel 209. 
0248. The program herein may be stored in memory such 
as ROM (Read-Only Memory) in the display apparatus 200 
(not shown in the drawings), with the program being stored in 
a manner enabling execution by the CPU 220. The program 
may also be provided via various recording media, or elec 
tronically distributed via a network such as the Internet. 
0249 Furthermore, in the case of the display apparatus 
100 shown in FIG. 1, the image correction circuit 104, the 
luminance calculation circuit 105, the parameter configura 
tion register circuit 106, and the PWMGAIN calculation cir 
cuit 107 are provided after the LCDCTL 103. For this reason, 
if it is attempted to realize the above circuits by means of a 
program, control for coordinating operating with the 
LCDCTL 103 becomes difficult. 
0250) However, by appropriately controlling the 
LCDCTL 103 and the CPU 120, it is also possible to realize 
the respective functions of the image correction circuit 104, 
the luminance calculation circuit 105, the parameter configu 
ration register circuit 106, and the PWMGAIN calculation 
circuit 107 by means of a program. 
0251. In the above programs, the functions of the PWM 
generation circuits 108 and 208 are not included therein. 
However, the present invention is not limited to such pro 
grams. If the processing capability of the CPU is high, then 
the functions of the PWM generation circuits 108 and 208 
may also be realized by means of a program. It is of course 
also possible to use a plurality of CPUs to distribute the above 
processing. 
0252 (Other) 
0253) The foregoing describes, by way of example, the 
case wherein an embodiment of the present invention is 
applied to a display apparatus installed in a mobile phone 
handset. However, the present invention is not limited to such 
configurations. In addition to mobile phone handsets, an 
embodiment of the present invention may also be applied to 
display apparatus installed in a variety of portable electronic 
devices. Such as personal, portable handsets or electronic 
address books referred to as PDAs (Personal Digital Assis 
tants), or laptop computers, for example. 
0254 More particularly, in recent years, one segment 
reception services (often referred to as 1 seg broadcasts) 
geared for mobile phones and other mobile devices are being 
offered. The present invention is ideal when applied to por 
table devices able to receive and make use of terrestrial digital 
television broadcasts designed for reception by such mobile 
phones or similar portable devices. 
0255 Moreover, an embodiment of the present invention 
may also of course be used in a display apparatus mounted in 
an electronic device that is installed and used in the home or 
similar locations. 
0256 The present application contains subject matter 
related to that disclosed in Japanese Priority Patent Applica 
tion JP 2008-130437 filed in the Japan Patent Office on May 
19, 2008, and Japanese Priority Patent Application JP 2008 
206683 filed in the Japan Patent Office on Aug. 11, 2008, the 
entire content of which is hereby incorporated by reference. 
0257. It should be understood by those skilled in the art 
that various modifications, combinations, Sub-combinations 
and alterations may occur depending on design requirements 
and other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 
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What is claimed is: 
1. A display apparatus, comprising: 
a liquid crystal display element; 
backlight means for use with the liquid crystal display 

element; 
average luminance calculating means for calculating the 

one-screen average luminance of an image expressed by 
an image signal for display; 

adjustment value calculating means for calculating an 
adjustment value used to adjust the luminance of the 
backlight means on the basis of the one-screen average 
image luminance from the average luminance calculat 
ing means, as well as a predetermined linear luminance 
adjustment curve; 

drive signal forming means for forming a drive signal used 
to cause the backlight means to emit light on the basis of 
the adjustment value calculated by the adjustment value 
calculating means, and then providing the resulting 
drive signal to the backlight means; 

luminance information detecting means for detecting one 
or both of the one-screen minimum image luminance 
and the one-screen maximum image luminance 
expressed by the image signal for display; and 

image correcting means for conducting an amplification 
control with respect to the image signal for display on 
the basis of a linear image luminance correction curve 
specified by the adjustment value calculated by the 
adjustment value calculating means, the average lumi 
nance calculated by the average luminance calculating 
means, and one or both of the minimum luminance and 
the maximum luminance detected by the luminance 
information detecting means, and then providing the 
corrected image signal to the liquid crystal display ele 
ment. 

2. A display apparatus, comprising: 
a liquid crystal display element; 
backlight means for use with the liquid crystal display 

element; 
average luminance calculating means for calculating the 

one-screen average luminance of an image expressed by 
an image signal for display; 

average luminance averaging means for calculating the 
average value of the one-screen average luminance from 
the average luminance calculating means over a plural 
ity of screens; 

adjustment value calculating means for calculating an 
adjustment value used to adjust the luminance of the 
backlight means on the basis of the average value of the 
average luminance from the average luminance averag 
ing means and a predetermined linear luminance adjust 
ment curve; 

drive signal forming means for forming a drive signal used 
to cause the backlight means to emit light on the basis of 
the adjustment value calculated by the adjustment value 
calculating means, and then providing the resulting 
drive signal to the backlight means; 

luminance information detecting means for detecting one 
or both of the one-screen minimum image luminance 
and the one-screen maximum image luminance 
expressed by the image signal for display; 

luminance information averaging means for calculating 
one or both of the average value of the minimum lumi 
nance detected by the luminance information detecting 
means over a plurality of screens, and the average value 
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of the maximum luminance detected by the luminance 
information detecting means over a plurality of screens; 
and 

image correcting means for conducting an amplification 
control with respect to the image signal for display on 
the basis of a linear image luminance correction curve 
specified by the adjustment value calculated by the 
adjustment value calculating means, the average value 
of the average luminance calculated by the average 
luminance averaging means, and one or both of the 
average minimum luminance over a plurality of screens 
and the average maximum luminance over plurality of 
Screen calculated by the luminance information averag 
ing means, and then providing the corrected image sig 
nal to the liquid crystal display element. 

3. The display apparatus according to claim 1 or 2, wherein 
the linear luminance adjustment curve used by the adjustment 
value calculating means is specified on the basis of a mini 
mum and a maximum value for the backlight luminance 
adjustment value, one or more threshold values for the aver 
age luminance, and a plurality of linear luminance adjustment 
curve slopes defined for each Subset in the domain of average 
luminance values divided by the one or more average lumi 
nance threshold values. 

4. The display apparatus according to claim 1 or 2, wherein 
the linear luminance adjustment curve used by the adjustment 
value calculating means is specified on the basis of a mini 
mum and a maximum value for the backlight luminance 
adjustment value, a first threshold value on the lower side of 
the domain of average luminance values, a second threshold 
value on the higher side of the domain of average luminance 
values, and a linear luminance adjustment curve slope defined 
for each of the three subsets in the domain of average lumi 
nance values divided by the first and second threshold values. 

5. The display apparatus according to claim 4, wherein 
the slope of the linear luminance adjustment curve in the 

region where the average luminance exists between the 
first threshold value and the second threshold value is 
proportional to change in the average luminance, and 

the slopes of the linear luminance adjustment curve in the 
region below the first threshold value and the region 
above second threshold value are less than or equal to 
change in the average luminance. 

6. The display apparatus according to claim 1 or 2, wherein 
the linear image luminance correction curve used by the 
image correcting means is specified on the basis of a first 
slope for a lower Subset of luminance values in the image 
signal being processed, a second slope for a higher Subset of 
luminance values in the image signal being processed, a base 
luminance value defining the lowest luminance value for the 
corrected image signal in the case where the luminance of the 
image signal being processed is Zero, and an inflection point 
indicating the luminance value at which the slope changes. 

7. The display apparatus according to claim 6, wherein 
the first slope is proportional to change in the luminance of 

the image signal being processed, and 
the second slope has a value less than or equal to 1. 
8. A display control method, comprising the steps of: 
calculating the one-screen average luminance of an image 

expressed by an image signal for display; 
calculating an adjustment value used to adjust the lumi 

nance of backlight means for a liquid crystal display 
element on the basis of the one-screen average image 
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luminance calculated in the average luminance calculat 
ing step and a predetermined linear luminance adjust 
ment curve; 

forming a drive signal used to cause the backlight means to 
emit light on the basis of the adjustment value calculated 
in the adjustment value calculating step, and then pro 
viding the resulting drive signal to the backlight means; 

detecting one or both of the one-screen minimum image 
luminance and the one-screen maximum image lumi 
nance expressed by the image signal for display; and 

conducting an amplification control with respect to the 
image signal for display on the basis of a linear image 
luminance correction curve specified by the adjustment 
value calculated in the adjustment value calculating 
step, the average luminance calculated in the average 
luminance calculating step, and one or both of the mini 
mum luminance and the maximum luminance detected 
in the luminance information detecting step, and then 
providing the corrected image signal to the liquid crystal 
display element. 

9. A display control method, comprising the steps of 
calculating the one-screen average luminance of an image 

expressed by an image signal for display; 
averaging the one-screen average luminance calculated in 

the average luminance calculating step over a plurality 
of screens; 

calculating an adjustment value used to adjust the lumi 
nance of backlight means for a liquid crystal display 
element on the basis of the average value of the average 
luminance calculated in the average luminance averag 
ing step and a predetermined linear luminance adjust 
ment curve; 

forming a drive signal used to cause the backlight means to 
emit light on the basis of the adjustment value calculated 
in the adjustment value calculating step, and then pro 
viding the resulting drive signal to the backlight means; 

detecting one or both of the one-screen minimum image 
luminance and the one-screen maximum image lumi 
nance expressed by the image signal for display; 

respectively averaging one or both of the minimum lumi 
nance and the maximum luminance detected in the lumi 
nance information detecting step over a plurality of 
Screens; and 

conducting an amplification control with respect to the 
image signal for display on the basis of a linear image 
luminance correction curve specified by the adjustment 
value calculated in the adjustment value calculating 
step, the average value of the average luminance calcu 
lated in the average luminance averaging step, and one 
or both of the average minimum luminance over a plu 
rality of screens and the average maximum luminance 
over a plurality of screens calculated in the luminance 
information averaging step, and then providing the cor 
rected image signal to the liquid crystal display element. 

10. A computer-readable display control program that 
causes a computer installed in a display apparatus to execute 
the steps of: 

calculating the one-screen average luminance of an image 
expressed by an image signal for display; 

calculating an adjustment value used to adjust the lumi 
nance of backlight means for a liquid crystal display 
element on the basis of the one-screen average image 
luminance calculated in the average luminance calculat 
ing step and a predetermined linear luminance adjust 
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ment curve, and then Supplying the adjustment value to 
drive signal forming means for forming a drive signal 
that causes the backlight means to emit light; 

detecting one or both of the one-screen minimum image 
luminance and the one-screen maximum image lumi 
nance expressed by the image signal for display; and 

conducting an amplification control with respect to the 
image signal for display on the basis of a linear image 
luminance correction curve specified by the adjustment 
value calculated in the adjustment value calculating 
step, the average luminance calculated in the average 
luminance calculating step, and one or both of the mini 
mum luminance and the maximum luminance detected 
in the luminance information detecting step, and then 
providing the corrected image signal to the liquid crystal 
display element. 

11. A computer-readable display control program that 
causes a computer installed in a display apparatus to execute 
the steps of: 

calculating the one-screen average luminance of an image 
expressed by an image signal for display; 

averaging the one-screen average luminance calculated in 
the average luminance calculating step over a plurality 
of screens; 

calculating an adjustment value used to adjust the lumi 
nance of backlight means for a liquid crystal display 
element on the basis of the average value of the average 
luminance calculated in the average luminance averag 
ing step and a predetermined linear luminance adjust 
ment curve, and then Supplying the adjustment value to 
drive signal forming means for forming a drive signal 
that causes the backlight means to emit light; 

detecting one or both of the one-screen minimum image 
luminance and the one-screen maximum image lumi 
nance expressed by the image signal for display; 

respectively averaging one or both of the minimum lumi 
nance and the maximum luminance detected in the lumi 
nance information detecting step over a plurality of 
Screens; and 

conducting an amplification control with respect to the 
image signal for display on the basis of a linear image 
luminance correction curve specified by the adjustment 
value calculated in the adjustment value calculating 
step, the average value of the average luminance calcu 
lated in the average luminance averaging step, and one 
or both of the average minimum luminance over a plu 
rality of screens and the average maximum luminance 
over a plurality of screens calculated in the luminance 
information averaging step, and then providing the cor 
rected image signal to the liquid crystal display element. 

12. A display apparatus, comprising: 
a liquid crystal display element; 
a backlight for use with the liquid crystal display element; 
an average luminance calculation circuit configured to cal 

culate the one-screen average luminance of an image 
expressed by an image signal for display; 

an adjustment value calculation circuit configured to cal 
culate an adjustment value used to adjust the luminance 
of the backlight on the basis of the one-screen average 
image luminance from the average luminance calcula 
tion circuit and a predetermined linear luminance adjust 
ment curve; 

a drive signal generation circuit configured to form a drive 
signal used to cause the backlight to emit light on the 
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basis of the adjustment value calculated by the adjust 
ment value calculation circuit, and then providing the 
resulting drive signal to the backlight; 

a luminance information detection circuit configured to 
detect one or both of the one-screen minimum image 
luminance and the one-screen maximum image lumi 
nance expressed by the image signal for display; and 

an image correction circuit configured to conduct an ampli 
fication control with respect to the image signal for 
display on the basis of a linear image luminance correc 
tion curve specified by the adjustment value calculated 
by the adjustment value calculation circuit, the average 
luminance calculated by the average luminance calcula 
tion circuit, and one or both of the minimum luminance 
and the maximum luminance detected by the luminance 
information detection circuit, and then providing the 
corrected image signal to the liquid crystal display ele 
ment. 

13. A display apparatus, comprising: 
a liquid crystal display element; 
backlight for use with the liquid crystal display element; 
an average luminance calculation circuit configured to cal 

culate the one-screen average luminance of an image 
expressed by an image signal for display; 

an average luminance averaging circuit configured to cal 
culate the average value of the one-screen average lumi 
nance from the average luminance calculation circuit 
over a plurality of screens; 

an adjustment value calculation circuit configured to cal 
culate an adjustment value used to adjust the luminance 
of the backlight on the basis of the average value of the 
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average luminance from the average luminance averag 
ing circuit and a predetermined linear luminance adjust 
ment curve; 

a drive signal generation circuit configured to form a drive 
signal used to cause the backlight to emit light on the 
basis of the adjustment value calculated by the adjust 
ment value calculation circuit, and then providing the 
resulting drive signal to the backlight; 

a luminance information detection circuit configured to 
detect one or both of the one-screen minimum image 
luminance and the one-screen maximum image lumi 
nance expressed by the image signal for display; 

a luminance information averaging circuit configured to 
calculate one or both of the average value of the mini 
mum luminance detected by the luminance information 
detection circuit over a plurality of screens, and the 
average value of the maximum luminance detected by 
the luminance information detection circuit over a plu 
rality of Screens; and 

animage correction circuit configured to conductanampli 
fication control with respect to the image signal for 
display on the basis of a linear image luminance correc 
tion curve specified by the adjustment value calculated 
by the adjustment value calculation circuit, the average 
value of the average luminance calculated by the average 
luminance averaging circuit, and one or both of the 
average minimum luminance over a plurality of screens 
and the average maximum luminance over plurality of 
Screen calculated by the luminance information averag 
ing circuit, and then providing the corrected image sig 
nal to the liquid crystal display element. 

c c c c c 
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