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1
OLED DISPLAY APPARATUS

FIELD OF THE INVENTION

The present invention relates to driving an OLED (Organic
Light Emitting Diode) display apparatus, having red, green,
blue and white light producing dots using an organic light
emitting diode (OLED) or an organic electroluminescence
(OEL) element, and more particularly to effective driving of
such an apparatus.

BACKGROUND OF THE INVENTION

FIG. 1 shows an example dot array of a matrix type OLED
panel in which three dots, namely the typical R (red), G
(green), and B (blue) dots, form one color pixel. FIG. 2 shows
an example dot array in which, in addition to the RGB dots, W
(white) dots are also provided.

The RGBW type display apparatuses, which additionally
include W dots, consume less power and are brighter because
the W dots have higher emission efficiency than RGB dots.

Methods for realizing such RGBW panels can be divided
into types: methods which employ OLED emitting each of
RGBW colors provided for each dot; and methods which
employ white OLEDs and RGB optical filters (color filters)
superposed on dots other than W dots, as described in Japa-
nese Patent Laid-Open Publication No. 2003-178875, for
example.

FIG. 3, which shows a CIE (Commision Internationale de
I’Eclairage) 1931 chromaticity diagram, shows an example
chromaticity of W primary color for use as a white dot along
with three primary RGB colors. Here, the chromaticity of this
W primary color need not necessarily correspond to the ref-
erence white color of a display.

FIG. 4 shows a method of converting an RGB input signal
which can display reference white color of a display when
R=1, G=1, and B=1, into an RGBW image signal.

First, when the W primary color does not correspond to the
reference white color of the display, the following calculation
is applied to an input RGB signal for normalization to the W
primary color.

Rn a 00 R
Bn 00 ¢ B

In the above expression, R, G, and B represent input sig-
nals; Rn, Gn, and Bn represent red, green, and blue signals
normalized to W primary color, respectively; and a, b, and ¢
are coefficients which are selected such that brightness and
chromaticity equal to W=1 can be obtained when R=1/a,
G=1/b, and B=1/c are output.

Then, from Rn, Gn, and Bn, S=F1 (Rn, Gn, Bn) which is
used for obtaining values for W dot display, is calculated.
Then, based on the calculated value of S, a correction amount
F2(8) concerning RGB and a value F3(8) concerning W are
calculated.

The correction amount F2(S) is added to each value of
RGB to obtain Rn', Gn', and Bn' which are RGB values for
achieving RGBW display. On the other hand, the value F3(S)
is output unchanged as a W value.

In other word, Rn', Gn', Bn', and W can now be obtained,
from S=F1(Rn, Gn, Bn), Re'=Rn+F2(S), Gn'=Gn+F2(8),
Bn'=Bn+F2(8), and W=F3(8) calculated as described above.
Similarly, the final process of normalization of Rn', Bn', and

()

10

20

25

40

45

60

65

2

Gn' to the reference white color is performed when the W
primary color does not correspond to the reference white
color of display, by means of the following calculation. This
process is performed only as required.

R la 0 0 R
¢ :[ 0 1/6 0 |x|Gw
¥

0 0 1/c Brn'
Here, the following are possible examples of basic expres-
sions for calculating S, F2, and F3:

S=min(Rn, Gn,Bn)
F2(S)=S )
F3(S)=S (3)

Specifically, the minimum RGB (normalized Rn, Gn, and
Bn) value is set to S, which is used as it as a W value. For
obtaining Rn', Gn', and Bn', S is subtracted from each RGB
value.

Here, as the pixel color to be displayed approaches an
achromatic color, the ratio at which W dot is caused to emit
light increases. Accordingly, as the ratio of colors near to
achromatic colors increases in an image to be displayed, the
ratio of W dots which emit light also increases and power
consumption of the panel is lowered compared to when only
RGB dots are used.

As normal images are only rarely constituted by just satu-
rated colors, W dots are used in most cases. Consequently, in
RGBW display, the power consumption is on average lower
than when only RGB dots are used.

In a panel having RGB dots arranged vertically and hori-
zontally, in order to increase the apparent horizontal resolu-
tion, the phase of each input signal is made to correspond to
the dot position, as shown in FIG. 5. More specifically, the
three dot RGB signals are not input at the same timing, but the
sampling timing from each image signal is shifted in accor-
dance with the dot position. This results in a display image
having higher apparent resolution than when the three RGB
dots forming one pixel are driven by input signals having the
same phase.

When RGBW dots are used, it is similarly possible to
increase the apparent resolution by making the phase of each
input signal correspond to the dot position of the panel as
shown in FIG. 6. In the above example using the expressions
(1) to (3), however, little effect can be achieved because the
emission amount of RGB reduces as the ratio of near achro-
matic color increases in an image. In particular, when the W
primary color is the same as the reference white color, no
RGB dots are used for displaying a black-and-white image,
which results in the resolution of the image corresponding to
the number of W dots, as shown in FIG. 7.

Further, when the following expressions are used for F2
and F3, the usage ratio of W dots varies depending on the
value of M.

F2(S)=MS @)

F3(S)=MS (3)
Here, M is a constant which satisfies 0=M=1.
In terms of power consumption, it is the most desirable to

use M=1. In terms of resolution, however, it is preferable to
select the value of M such that all of RGBW emit light.
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The present invention advantageously suppresses reduc-
tion in the resolution and at the same time reduces power
consumption in an OLED display apparatus.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, in
an organic light emitting diode (OLED) display apparatus
having four types of dots, including R (red), G (green), B
(blue), and W (white) dots, formed by an organic light emit-
ting diode (OLED) (or an organic electroluminescence (EL)
element), an amount of high frequency components of a part
of an image to be displayed is detected, and the usage ratio of
W dots is adaptively changed in accordance with the result of
detection.

Further, in accordance with another aspect of the present
invention, in an OLED display apparatus having four types of
dots, including R, G, B, and W dots, formed by an OLED (or
an EL element), the average brightness or electric power
necessary for display is calculated from inputimage data, and
the usage ratio of W dots is adaptively changed in accordance
with the result of calculation.

In accordance with a further aspect of the present inven-
tion, in an OLED display apparatus having four types of dots,
including R, G, B, and W dots, formed by an OLED (or an EL
element), an electric current flowing through an OLED dis-
play panel for achieving display in accordance with input
image data is detected, and the usage ratio of W dots is
adaptively changed in accordance with the detected value.

In accordance with a still further aspect of the present
invention, in an OLED display apparatus having four types of
dots, including R, G, B, and W dots, formed by an OLED (or
an EL element), the usage ratio of W dots is optimized with
respect to the resolution in accordance when an input instruc-
tion emphasizes image quality and the usage ratio of W dots
is increased when an input instruction emphasizes power
consumption.

Further, it is preferable that when a battery capacity is
reduced, the usage ratio of W dots is increased compared to
when the battery capacity is sufficient, for decreasing power
consumption.

Accordingto the present invention, by adaptively changing
the usage ratio of W dots in accordance with the amount of
partial high frequency components of image data, it is pos-
sible to reduce power consumption while the resolution is
maintained.

Also, by adaptively changing the usage ratio of W dots
based on the electric current flowing through the panel, it is
possible to prevent large current while proper display is main-
tained.

In addition, by increasing the usage ratio of W dots when
the battery capacity is reduced, it is possible to more effec-
tively utilize the battery capacity.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will be
described in detail based on the following drawing, wherein:

FIG. 1 is a view showing an OLED panel using RGB dots;

FIG. 2 is a view showing an OLED panel using RGBW
dots;

FIG. 3 is a view showing RGBW in a CIE1931 chromatic-
ity diagram;

FIG. 4 is a flowchart showing a process for generating
RGBW from RGB;

FIG. 5 is a view showing display timing of RGB dots;

FIG. 6 is a view showing display timing of RGBW dots;

15

20

25

30

40

45

50

60

65

4

FIG. 7is a view showing timing of inputting only W signals
in an RGBW dot panel;

FIG. 8 is a block diagram showing a structure of a display
apparatus considering partial high frequency components of
an input image signal;

FIG. 9 is a flowchart showing a process for generating R,
Gn', and Bn' from Rn, Gn, and Bn;

FIG. 10 is a view showing the characteristics of the func-
tion f(X) used for generating Mij;

FIG. 11 is a block diagram showing a structure of a display
apparatus when considering the average brightness;

FIG. 12 is a view showing a relationship between the
average brightness and the coefficient M in the structure
shown in FIG. 11;

FIG. 13 is a view showing a relationship between the
average brightness of a certain image and the panel power
consumption in the structure shown in FIG. 11,

FIG. 14 is a block diagram showing a structure of a display
apparatus considering the result of calculation of CV current;

FIG. 15 a view showing a relationship between the average
brightness and the coefficient M in the structure shown in
FIG. 14;

FIG. 16 is a view showing a relationship between the
average brightness of a certain image and the panel power
consumption in the structure shown in FIG. 14;

FIG. 17 is a block diagram showing a structure of a display
apparatus considering the result of detection of CV current;

FIG. 18 is a block diagram showing a structure of a display
apparatus considering a saving power instruction; and

FIG. 19 is a block diagram showing a structure of a display
apparatus considering the result of detection of battery capac-

1ty.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

A preferred embodiment of the present invention will be
described in further detail with reference to the drawings.

FIG. 8 is a block diagram showing a structure according to
one embodiment of the present invention. An R signal, a G
signal, and a B signal are input to an RGB to RGBW conver-
sion circuit 10, and are also supplied to an M value calculation
circuit 12. The M value calculation circuit 12 detects, in real
time, high frequency components from an image signal of the
input RGB signals for a predetermined plural number of
pixels (portion) and calculates a conversion coefficient M to
be used for conversion from RGB to RGBW in accordance
with the detected amount of the high frequency components.
More specifically, the M value calculation circuit 12 outputs
a coefficient M (0.5, for example) with which all the RGBW
dots emit light for edge portions or portions with significant
change in brightness inan image, and outputs M whose value
is 1 orclose to 1 for flat portions or portions with slight change
in brightness in an image.

The calculated M is then supplied to the RGB to RGBW
conversion circuit 10. The RGB to RGBW conversion circuit
10 uses the conversion coefficient M to calculate F2(S) and
F3(8), and further computes RGBW signals using F2(S) and
F3(S).

R', G, B' and W signals output from the RGB to RGBW
conversion circuit 10 are subjected to gamma correction in
corresponding gamma correction circuits 14 before being
converted to analog signals by corresponding /A converters
16, and the analog signals are supplied to an OLED panel 18.
The OLED panel 18 includes a horizontal driverand a vertical
driver, and supplies a data signal concerning each pixel to be
input to each of the OLED elements (also referred to elec-
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troluminescence (EL) elements) arranged in a matrix in a
pixel circuit. More specifically, the OLED panel 18 of the
present embodiment is an active matrix type panel, in which
each pixel circuit includes a selection transistor, a driving
transistor, a storage capacitor, and an OLED element. The
data signal of each pixel is written, via the selection transistor
of a corresponding pixel, into the storage capacitor. When a
driving current in accordance with the data voltage written
into the storage capacitor is supplied from the driving tran-
sistor to the OLED element, the OLED element emits light.

Tt is also preferable to perform data processing for adjust-
ing the black level, contrast, and brightness in the gamma
correction circuit 14. Further, it is possible that the D/A con-
verters 16 are omitted and the digital data are input to the
OLED panel 18 for digitally driving each pixel circuit in the
OLED panel 18.

Here, the conversion from RGB to RGBW will be
described with reference to the flowchart of FIG. 9. Specifi-
cally, the RGB to RGBW conversion circuit 10 calculates
S=F1(Rn, Gn, Bn) based on the RGB input signals (which
have been converted to Rn, Gn, and Bn in this example). On
the other hand, the M value calculation circuit 12 detects an
amount of high frequency components at the portion of a
target pixel (which is located at the i-th in the horizontal
direction and at the j-th in the vertical direction) from a
predetermined number of pixel blocks arranged in the hori-
zontal and vertical directions, calculates a coefficient Mij in
accordance with the detected amount of high frequency com-
ponents, and supplies the coefficient Mij to the RGB to
RGBW conversion circuit 10.

The RGB to RGBW conversion circuit 10, using the sup-
plied coefficient Mij, calculates F2(S, Mij) and F3(S, Mij),
F3(S, Mij) being output as it is as a W value and F2(S, Mij)
being added to Rn, Gn, and Bn, respectively and output as
Rn', Gn', and Bn'.

In the above manner, RGB is converted into RGBW.

Here, as a predetermined number of image data items are
necessary for calculation of Mij, it is necessary to store an
amount of input data. For example, it is possible to provide a
frame memory for the input RGB signals and supply neces-
sary data from this frame memory.

Further, Mij can be expressed by the following expression.

S o , (©
Z Z Bk, k2)CG - k1, j-k2)

kl=—cok2=—co

Mij = f] — —
> Y kL kD)C(i—k1, j-k2)
K== k2=—co

Here, (i,j) represents a spatial position of a dot to be pro-
cessed (i.e., the i-th in the horizontal direction and the j-th in
the vertical direction); h(k1, k2) represents response charac-
teristics of a two-dimensional high pass filter with respect to
the unit impulse d(k1, k2); 1(k1, k2) represents response char-
acteristics of a two-dimensional low pass filter with respect to
the unit impulse 3(k1, k2); and C(i-k1, j-k2) represents a
signal level corresponding to a dot at the position (i-k1, j-k2).
Further, f(X) is an arbitrary function which has characteristics
of approaching 0.5 from 1 with the increase of X, as shown in
FIG. 10, for example.

While the signals Rn, Gn, Bn, the brightness (Y), or the like
may be arbitrarily selected as the signal C, it is preferable to
use brightness components which contribute to the resolu-
tion. The following are representative example expressions
for F2 and F3:

F2=-MijxS

F3=MijxS (8)
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When dots are arranged in stripes extending in the vertical
direction as shown in FIG. 2, a one-dimensional high pass
filter and a one-dimensional low pass filter may be provided,
considering only the resolution in the horizontal direction. In
this case, the above expressions (6) to (8) are changed as
follows:

ks &
Z WOCl— k)
Mi=flf
S Itk)Cli-k)
k=—co
F2=-MixS (10
F3=MixS (1
EXAMPLES

The conversion process as described above will be
described with reference to specific examples.

First Example

Here, assuming that dots are arranged in stripes in the
vertical direction, the above expressions (9) to (11) are used.
The following expressions are used for h(k) and 1(k), and Mi
is set such that it is not over 1.

h(k): h(-1)==%, h(0)=1, h(1)=-Y%, h(k)=0 when k>1
or k<~1.

I(K): A=13=1, (0)=2, (1)=1, A(1)=0 when k>1 or
k<-1.
When brightness Yi at the positioniis used for signal C, the
expression (9) can be expressed as follows:

Mi=fli(-Y, #2Y~Y;, V2(Y,_ 42Y4T,, )))

Assuming that f(X)=1-X, the above expression is
expressed as

Mi=1-1(=Y, (+2Y Y,y Y2(Y; #2Y T, ).

Accordingly, Mi is a variable which always satisfies
0=Mi=1. (However, Mi=1 when Y, ;+2Y+Y,,,=0)

As described above, according to the above example, it is
possible to adaptively change the coefficient M in accordance
with the amount of partial high frequency components. It is
therefore possible to comparatively reduce the usage ratio of
W dots in edge portions or the like for achieving clear display.
On the other hand, it is possible to increase the usage ratio of
W dots in the portions with less change in the image for

achieving effective display.
Second Example

As described above, the coefficient M is calculated inthe M
value calculation circuit 12. However, there are cases in
which the calculated coefficient M(Mij) varies too much
among dots. Accordingly, by inserting a low pass filter after
the calculation output Mij from the M value calculation cir-
cuit 12, it is possible to preferably prevent the usage ratio of
W dots from excessively varying for each dot and causing
unnatural image.

In addition, it is also preferable to set

F2==AdixS

F3=4ixS
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In the above expressions, Al is a predetermined coefficient
(Al, A2, A3, ... An) and is selected in accordance with the
value of Mi (or Mij). With the use of such a coefficient Aj,
redundancy is increased compared to when the coefficient M
is used, and RGB to RGBW conversion considering the view-
ability of actual display can be performed. Further, by rewrit-
ing the table of the coefficient Ai, the conversion character-
istics can be adjusted simply. It is therefore preferable to use
a rewritable table for Ai.

Further, in the above example. a simple filter as described
below can be used.

h(k): A(-1)=1, h(0)=1, h(k)=0 when k<-1
1(k): m

Here, m is a constant selected such that it always satisfies
0=Mi=1. With this structure, a filter structure can be simpli-
fied and adaptive control in accordance with input image data
can be secured.

Third Example

As described above, the electric current flowing in each dot
of an OLED panel is proportional to brightness of the corre-
sponding dot, and power consumption for the whole image
corresponds to the total sum of the electric current. Accord-
ingly, the higher the average brightness of an image, the
greater the power consumption of the panel. When the maxi-
mum power source current of a display device is limited, for
example, M having a great value can be used so as to increase
the usage ratio of W, in addition to the increase of the average
brightness.

An example which considers the average brightness as
described above is shown in FIG. 11. In this example, RGB
input signals are supplied to an average brightness calculation
section 30, which calculates the average brightness (or the
sum) from data of the RGB input signals corresponding to one
screen. The resultant average brightness is supplied to the low
pass filter (LPF) 32 so as to remove arapid change component
and then supplied to the M value calculation circuit 34. The M
value calculation circuit 34 has stored therein tables and
expressions concerning M values corresponding to the aver-
age brightness, computes an M value for the input average
brightness, and supplies the M value to the RGB to RGBW
conversion circuit 10.

A setting example of the characteristics of M with respect
to average brightness is shown in FIG. 12. As shown, with the
increase of brightness, M is gradually increased from 0.5.
FIG. 13 exemplifies power consumption versus average
brightness in a certain image when such a setting is used. As
shown in FIG. 13, with this setting, it is possible to suppress
increase in the amount of current consumed in the panel when
the average brightness of theimage is high, compared to when
M is fixed to 0.5 (M=0.5).

Further, as shown in FIG. 14, it is also possible to estimate
a CV current from the converted RGBW data considering
emission efficiency of RGBW dots and use the estimated CV
current for calculation of the M value. More specifically, each
output of RGBW from the RGB to RGBW conversion circuit
10 is supplied to a CV current calculation section 40. The CV
current calculation section 40 estimates an electric current
(CV current) for all the pixels in the OLED panel 18 in
accordance with each data signal of RGBW. The resultant
estimated CV current is then supplied to the M value calcu-
lation circuit 44 via the low pass filter (LPF) 42. The M value
calculation circuit 44 calculates M corresponding to the CV
current and supplies the result to the RGB to RGBW conver-
sion circuit 10.
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With regard to this example, FIG. 15 shows an example
setting of characteristics of M with respect to the CV current
calculation value and FIG. 16 exemplifies a relationship
between the average brightness and the power consumption
of a panel in a certain image. With this structure, it is also
possible to effectively suppress an increase in panel current.

A similar effect can also be achieved by measuring the CV
current of the OLED panel 18 and applying feedback to the M
value. An example structure in this case is shown in FIG. 17.
Specifically, the CV current is detected by a current detection
circuit 50, and the output of the current detection circuit 50 is
converted to digital data by an A/D converter 52 and is sup-
plied to an M value calculation circuit 56 via a low pass filter
54. With such a circuit, control similar to that performed by
the above structure can be achieved.

Further, to simplify control can be performed in the fol-
lowing manner, rather than based on the content of an image.
Specifically, when the image quality is to be emphasized, M
is selected such that the apparent resolution is the highest,
whereas when the power consumptionis to be emphasized, M
is switched to a greater value so as to increase the usage ratio
of W dots. For example, it is possible that an input means (an
input button, for example) concerning saving-power display
is provided, and when this button is pressed on, a saving-
power instruction signal instructs the M value calculation
circuit 12 to increase the value of M. The structure for achiev-
ing this control is shown in FIG. 18.

Also, in portable devices such as OLED display devices,
such as, for example, cellular phones, digital still cameras,
portable AV equipment, and the like, there is a demand that
power consumption be reduced when the battery capacity
becomes low.

A structure example which meets the above demand is
shown in FIG. 19. Specifically, the capacity (a voltage, for
example) of a battery 60 is detected by a battery capacity
detection circuit 62. When the detection result from the bat-
tery capacity detection circuit 62 indicates that the battery
capacity is less than a predetermined value, an M value deter-
mination circuit 64 changes the M value 10 a greater value.
This structure allows control to make the M value greater
when the battery capacity is small than when the battery
capacity is sufficient, so that power consumption can be
reduced in low power situations. It is further preferable that,
the battery capacity be determined in a plurality of increments
s0 as to increase the M value in the plurality of steps.

It is also preferable that the above structures be combined
as necessary to constitute a display apparatus.

While the preferred embodiment of the present invention is
described above using specific terms, such description is for
illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from
the spirit or scope of the appended claims.

PARTS LIST

10 conversion circuit
12 calculation circuit
14 correction circuit

16 D/A converters

18 OLED panel

30 calculation section
32 low pass filter (LPF)
34 calculation circuit
40 calculation section
42 low pass filter (LPF)
44 calculation circuit
50 current detection circuit
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52 A/D converter

54 low pass filter

56 calculation circuit
60 battery

62 detection circuit

64 determination circuit

The invention claimed is:

1. An organic light emitting diode (OLED) display appa-
ratus, comprising:

(2) means for detecting the amount of high frequency com-
ponents of a target pixel of acolorimage to be displayed,
wherein the color image includes an input RGB signal
for each of a plurality of pixels;

(b) means for calculating a respective conversion coeffi-
cient between 0 and 1 for the target pixel in accordance
with the result of the detection and the spatial position of
the pixel;

(c) means for converting the input RGB signals for the
target pixel to RGBW signals for that pixel using the
respective conversion coefficient; and

(d) a plurality of pixels each having a R (red), a G (green),
a B (blue), and a W (white) dot for producing light in
response to the corresponding RGBW signals, so that
when the conversion coefficient fora pixel is less than 1,
the R, G, B and W dots in the pixel all emit light simul-
taneously,

wherein the conversion coefficient determines a usage ratio
of the W dot.

2. The OLED display apparatus of claim 1, further includ-

ing a battery and a battery capacity detection circuit;
wherein the conversion coefficients are increased when the
battery capacity detection circuit indicates that the bat-

tery capacity is less than a predetermined value.

3. An organic light emitting diode (OLED) display appa-
ratus, comprising:

(a) means for calculating the average brightness or electric
power necessary for display of a color image from input
image data of one screen, wherein the color image
includes an input RGB signal for each of a plurality of
pixels;

(b) means for calculating a respective conversion coeffi-
cient between 0 and 1 for each pixel in accordance with
the result of such calculation;

(c) means for converting the input RGB signals for each
pixel to RGBW signals for that pixel using the respective
conversion coefficient; and

(d) a plurality of pixels, each having a R (red), a G (green),
a B (blue), and a W (white) dot for producing light in
response to the corresponding RGBW signals, so that
when the conversion coefficient for a pixel is less than 1,
the R, G, B and W dots in the pixel all emit light simul-
taneously.

4. The organic light emitting diode (OLED) display appa-
ratus of claim 3, wherein the conversion coefficient is calcu-
lated to adaptively change the usage ratio of the W dots
depending on the spatial position of the W dot.

5. An organic light emitting diode (OLED) display appa-
ratus, comprising:

(a) a current detection circuit for detecting an electric cur-
rent flowing through the OLED for achieving display in
accordance with input image data, wherein the color
image includes an input RGB signal for each of a plu-
rality of pixels;

(b) means for calculating a respective conversion coeffi-
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(c) means for converting the input RGB signals for each
pixel to RGBW signals for that pixel using the respective
conversion coefficient; and

(d) a plurality of pixels each having a R (red), a G (green),
a B (blue), and a W (white) dot for producing light in
response to the corresponding RGBW signals, so that
when the conversion coefficient for a pixel is less than 1,
the R, G, B and W dots in the pixel all emit light simul-
taneously,

wherein the conversion coefficient determines a usage ratio
of the W dot.

6. An organic light emitting diode (OLED) display appa-

ratus, comprising:

(a) a calculation circuit to detect the amount of high fre-
quency components of a target pixel of a color image to
be displayed, wherein the color image includes an input
RGB signal for each of a plurality of pixels, and to
calculate a respective conversion coefficient between 0
and 1 for each pixel in accordance with the result of the
detection and the spatial position of the pixel;

(b) a conversion circuit connected to the calculation circuit
to receive the respective conversion coefficient and to
convert the input RGB signals for each pixel to RGBW
signals for that pixel using the respective conversion
coefficient; and

(c) a plurality of pixels each having a R (red), a G (green),
a B (blue), and a W (white) dot to produce light in
response to the corresponding RGBW signals, so that
when the conversion coefficient for a pixel is less than 1,
the R, G, B and W dots in the pixel all emit light simul-
taneously,

wherein the conversion coefficient determines a usage ratio
of the W dot.

7. The organic OLED display apparatus of claim 6, further

including a battery and a battery capacity detection circuit;
wherein the conversion coefficients are increased when the
battery capacity detection circuit indicates that the bat-
tery capacity is less than a predetermined value.

8. An organic light emitting diode (OLED) display appa-

ratus, comprising:

(a) a calculation section to calculate the average brightness
or electric power necessary for display of a color image
from input image data of one screen, wherein the color
image includes an input RGB signal for each of a plu-
rality of pixels;

(b) a calculation circuit connected to the calculation sec-
tion to receive the average brightness or electric power
and to calculate a respective conversion coefficient
between 0 and 1 for each pixel in accordance with the
result of such calculation;

(c) a conversion circuit connected to the calculation circuit
to receive the respective conversion coefficient and to
convert the input RGB signals for each pixel to RGBW
signals for that pixel using the respective conversion
coefficient; and

(d) a plurality of pixels, each having aR (red), a G (green),
a B (blue), and a W (white) dot to produce light in
response to the corresponding RGBW signals, so that
when the conversion coefficient for a pixel is less than 1,
the R, G, B and W dots in the pixel all emit light simul-
taneously.

9. The organic light emitting diode (OLED) display appa-

cient between 0 and 1 for each pixel in accordance with 65 ratus of claim 8, wherein the conversion coefficient is calcu-

the detected electric current and the spatial position of
the pixel,

lated to adaptively change the usage ratio of the W dots
depending on the spatial position of the W dot.
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10. An organic light emitting diode (OLED) display appa-

ratus, comprising:

(a) a calculation section to detect an electric current flow-
ing through the OLED for achieving display in accor-
dance with input image data, wherein the color image
includes an input RGB signal for each of a plurality of
pixels;

(b) a calculation circuit connected to the calculation sec-
tion to receive the electric current and to calculate a
respective conversion coefficient between 0 and 1 for
each pixel in accordance with the detected electric cur-
rent and the spatial position of the pixel;

(¢) a conversion circuit connected to the calculation circuit
to receive the respective conversion coefficient and to
convert the input RGB signals for each pixel to RGBW
signals for that pixel using the respective conversion
coefficient; and

12

(d) a plurality of pixels each having a R (red), a G (green),
a B (blue), and a W (white) dot to produce light in
response to the corresponding RGBW signals, so that
when the conversion coefficient for a pixel is less than 1,
the R, G, B and W dots in the pixel all emit light simul-
taneously,

wherein the conversion coefficient determines a usage ratio
of the W dot.

11. The OLED display apparatus according to any one of

10 claims 1-5, 6. 8 and 10, wherein the conversion coefficient is

calculated based on response characteristics of a two-dimen-
sional high pass filter with respect to a unit impulse, response
characteristics of a two-dimensional low pass filter with
respect to a unit impulse, and a signal level corresponding to

15 adot at the spatial position.
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