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(57)  Theinvention relates to a method for optimizing
brightness in a display device having a plurality of lumi-
nous elements corresponding to the pixels of a picture,
wherein the time duration of a video frame or video field
is divided into a plurality of sub fields during which the
luminous elements can be activated for light emission
with sustain pulses corresponding to a sub field code
word which is used for brightness control, the total
number of sustain pulses being determined in view of a
selected power mode function of picture load the meth-
od including the following steps:

Method for optimizing brightness in a display device and apparatus for implementing the

- setting a threshold value in relation to the picture
load,

- comparing, for a frame, the number of the current
sustain pulse to said threshold value,

- if the number of the current sustain pulses is below
the threshold value, the sustain pulses are gener-
ated at a fixed frequency,

- if the number of the current sustain pulses is above
the threshold value, the sustain pulses are gener-
ated at an evolving frequency.

This invention applies mainly to PDP and all dis-
plays controlled by using a PWM.
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Description

[0001] The invention relates to a method and an apparatus for optimizing brightness in a display device. More spe-
cifically, the invention is related to a kind of video processing for improving the picture quality of pictures which are
displayed on displays like plasma display panels (PDP) and all kind of displays based on the principle of duty cycle
modulation ( pulse width modulation) of light emission. The method and the apparatus aim at reducing the EMI (Electro-
Magnetic Interference) problems.

Background

[0002] The plasma display technology now makes it possible to achieve flat colour panels of large size and with
limited depth without any viewing angle constraints. The size of the displays may be much larger than the classical
CRT picture tubes would have ever been allowed. Referring to the latest generation of European TV sets, a lot of work
has been made to improve its picture quality. Consequently, there is a strong demand, that a TV set built in a new
technology like the plasma display technology has to provide a picture so good or better than the old standard TV
technology. This picture quality can be decomposed in different parameters such as:

Good response fidelity of the panel: This means that only one pixel could be "ON" in the middle of a black screen
and in addition, this panel has to perform a good homogeneity.

Good brightness of the screen: This is limited by the idle time of the panel, i,e time in which no light is produced.
Good contrast ratio even in dark room: This is limited by the brightness of the panel combined with the black level.

[0003] Allthese parameters are completely linked together. So an optimised compromise has to be chosen to provide
the best quality picture at the end.
[0004] A plasma display panel utilizes a matrix array of discharge cells, which could only be "on" or "off'. Also unlike
a CRT or LCD in which gray levels are expressed by analog control of the light emission, a PDP controls the gray
levels by modulating the number of light pulses per frame. The eye will integrate this time-modulation over a period
corresponding to the eye time response. Since the video amplitude determines the number of light pulses, occurring
at a given frequency, more amplitude means more eye pulses and thus more "on" time. For this reason, this kind of
modulation is known as PWM, ( for pulse width modulation). To establish a concept for this PWM, each frame will be
decomposed in sub-periods called "sub-fields". For producing the small light pulses, an electrical discharge will appear
in a gas filled cell, called plasma and the produced UV radiation will excite a coloured phosphor, which emits the light.
[0005] In order to select which cell should be lighted, a first selective operation called "addressing" will create a
charge in the cell to be lighted. Each plasma cell can be considered as a capacitor, which keeps the charge for a long
time. Afterwards, a general operation called "sustain" applied during the lighting period will add charges in the cell.
Only in the cells addressed during the first selective operation, the two charges build up and that brings a firing voltage
between two electrodes of the cell. UV radiation is generated and the UV radiation excites the phosphorous for light
emission. During the whole sustain period of each specific sub-field, the cell will be lighted in small pulses at a given
sustain frequency. At the end, an erase operation will remove all the charges to prepare a new cycle. In the standard
addressing method known as ADS (Address Display Separated), all the basic cycles are made one after the other.
This is represented on Figure 1 which is an example of ADS based on a 8-bit encoding with only one priming pulse at
the beginning of the frame. In that case, the gray level is represented by a combination of the 8 following bits:
1-2-4-8-16-32-64-128
[0006] So, the frame period is divided in 8 sub fields, each one corresponding to a bit. The number of light pulses
for the bit 2 is the double as for the bit 1 and so forth. So it is possible through sub fields combination to build the 256
gray levels. This is only an example, as the number of sub fields or of priming could be modified in view of the quality
factor to improve.
[0007] In fact for this type of display, more brightness equals more sustain pulses. This also means more peak
luminance. More sustain pulses correspond also to a higher power that flows in the electronic. Therefore, if no specific
management is done, the enhancement of the peak luminance for a given electronic efficacy will introduce an increase
of the power consumption.
[0008] The main idea behind every kind of power management concept associated with peak white enhancement
is based on the variation of the peak-luminance depending on the picture content.
[0009] The picture introducing the higher power consumption is a full-white picture. Therefore, for a required power
consumption and for a given electronic efficacy, the luminance of the full-white is fixed. Then, for all other picture
content, the peak-luminance will be adapted to have stable power consumption as shown on Figure 2. This figure
shows the decrease of the luminance when the picture load increases from a peak white picture to a full white picture.
More precisely, when a PDP screen displays a full white picture (right screen in Figure 2), less luminance is needed
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by the eye to catch a nice impression of luminance since this luminance is displayed on a very large part of the visual
field. On the other hand, when a PDP screen displays a picture having low energy (left screen in Figure 2) the contrast
ratio is very important for the eye. In that case, the highest available white luminance should be output on such a picture
to enhance the contrast ratio.

[0010] Such a concept suits very well to the human visual system, which is dazzled in case of full-white picture
whereas it is really sensitive to dynamic in case of dark picture (e.g. dark night with a moon). Therefore in order to
increase the impression of high contrast on dark picture, the peak-luminance is set to very high values whereas it is
reduced in case of energetic pictures (full-white). This basic principle will lead to a stable power consumption, as
represented by the horizontal line in Figure 2.

[0011] In the case of a plasma display, the luminance as well as the power consumption is directly linked to the
number of sustain pulses per frame. This has the disadvantage of allowing only a reduced number of discrete power
levels compared to an analog system.

[0012] In other words, the concept of power management adapted to a PDP is based on the change of the total
amount of sustain pulses depending on picture content in order to keep the overall power consumption constant. Such
a concept is illustrated on Figure 3 that shows the number of sustain pulses in relation with the picture load.

[0013] In the case of fully digital displays like plasma, only discrete modes can be defined on the curve of figure 3
based on a measurement of the picture content or picture load. This measurement, mainly called APL for Average
Power Level can be computed as following:

APL(I(x,y)) = (?7l—i—) x XZI (x,7)

where I(x,y) represents the displayed picture having C columns and L lines. The main objective leads in the determi-
nation of a discrete number of modes in an optimal manner.

[0014] Once the optimal power modes have been defined based on a given number of sustain pulses for various
APL values, the distribution of sustain pulses among the sub-field sequence should be performed. On one hand, a
high number of sub-fields is mandatory to ensure high quality display with reduced moving artifacts. On the other hand,
every addressing operation required for each sub-field corresponds to idle time where no light pulse can be produced.
Furthermore, the available sustain frequency is fixed and normally corresponds to an optimal panel functioning to avoid
luminance variation depending on picture content.

[0015] In other words, in the past, the optimal sustain frequency was fixed for all APL values and set to the optimal
value (e.g. 200 kHz in the present example). Obviously, this will reduce the capability of the panel to display high peak
luminance for a high number of sub-fields. Therefore, new approaches have been defined in the past in order to reach
higher peak-luminance at good panel homogeneity. Some of the solutions are described, for example, in WO00/46782
or WO02/11111 in the name of the applicant. Since high peak luminance is only mandatory for picture having low
charge, which also means picture being less sensitive to the homogeneity problems, the optimal sustain frequency is
not required there. Therefore the actual state of the art for optimized power management is based on a variation of
the sustain frequency for low-charged pictures as shown on Figure 4 for a 12 sub-fields distribution.

[0016] In this example, when the picture load is below 20%, an increase of the sustain frequency will be performed
whereas this frequency is fixed for more loaded pictures. Obviously, all the values presented here are only example
and should vary for one supplier to another (e.g. the value 20%). Indeed some suppliers keep the same frequency
whereas other suppliers have, for every APL value and picture charge, an other sustain frequency.

[0017] However, the concept described above presents some limitations such as:

[0018] For a given APL value, the sustain frequency is fixed to a given value, for example 200KHz at 100% charge
and 320KHz for low charge. There is only a shift of the sustain frequency value. In this case, the EMI (Electro-Magnetic
Interference) peak observed at the sustain frequency will also evolve in its position as the sustain frequency. It will stay
strong, always requiring a strong filter that decreases the brightness.

[0019] The panel efficacy as well as the voltage margin of the panel depend strongly of the sustain frequency. In
other words, if the sustain frequency is too far away from the optimal value, a loss of margin as well as efficiency could
happen. Moreover, the impact on the margin and efficacy will be stronger on low sub-fields (LSB) having less energy.
In that case, if the APL changes between two pictures having a lot of similarities, changes in the dark areas can be
perceptible (the eye is much more sensitive in those regions).

Invention

[0020] The present invention proposes a new method and an apparatus that solve the above problems.
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[0021] The present invention relates to a method for optimizing brightness in a display device having a plurality of
luminous elements corresponding to the pixels of a picture, wherein the time duration of a video frame or video field
is divided into a plurality of sub fields during which the luminous elements can be activated for light emission with
sustain pulses corresponding to a sub field code word which is used for brightness control, the total number of sustain
pulses being determined in view of a selected power mode function of picture load the method including the following
steps:

- setting a threshold value in relation to the picture load,

- comparing, for a frame, the number of the current sustain pulse to said threshold value,

- if the number of the current sustain pulses is below the threshold value, the sustain pulses are generated at a fixed
frequency,

- if the number of the current sustain pulses is above the threshold value, the sustain pulses are generated at an
evolving frequency.

[0022] Inthe invention, the threshold value is set at a number of sustain pulses corresponding to a given percentage
of the APL (Average Power Level) of a full white picture. The selected number is such that every picture presents a
perfect homogeneity. Moreover, the fixed frequency corresponds to the optimal sustain frequency which gives a stable
panel behavior and the evolving frequency will increase progressively following a linear progression or other types of
progressions such as a progression using a multiplying factor.

[0023] The invention also consists in an apparatus for carrying out the inventive method. The apparatus comprises
at least an average picture power measuring circuit, a sub field coding unit and a power level control unit storing a
table of power level mode, said apparatus further comprising a counter for counting the actual number of the sustain
pulses and means for comparing the actual number to the threshold value and for modifying the length of said sustain
pulses according to the progression function used.

Drawings

[0024] Exemplary embodiments of the invention are illustrated in the drawings and are explained in more detail in
the following description.

Fig. 1, already described, shows a classical ADS addressing scheme for a PDP inclusive priming;

Fig. 2, already described, illustrates the typical power management control system in a PDP;

Fig. 3, already described, is a curve giving the number of sustain pulses function of the picture load or picture
content used in a classical concept of power management on PDP;

Fig. 4, already described, represents a sustain frequency controlling method according to the state of the art;
Fig. 5 represents two curves showing the EMI sustain amplitude, one for a classical concept and the other in the
case of using the present invention;

Fig. 6 represents the sustain frequency controlling method according to one embodiment of the present invention.
Fig. 7 is a curve representing the evolving of the sustain pulses according to one embodiment of the present
invention;

Fig. 8 represents schematically an apparatus for carrying out the sustain frequency controlling method according
to the present invention.

Exemplary embodiments

[0025] The method of the present invention will be described with reference to a PDP using an ADS addressing
method as described above with a sub field organization of 12 sub fields. This sub field organization is only an example,
other organizations known from the literature with e.g. more sub fields and /or different sub fields weights may be used
for improving the picture quality.

[0026] The method of the present invention also uses a power control method as described for example in
WOO00/46782 in the name of Thomson Licensing S.A. This method determines the number of sustain pulses as a
function of the average picture power, i.e. it switches between different modes with different power levels. The total
number of sustain pulses depends on the measure of the Power Level Enhancement (PLE) or of the Average Power
Level (APL) for a given picture. So for a full white picture, the number of sustain pulses is low and for a peak white
picture the number of sustain pulses is high for the same power consumption.

[0027] The method is also based on the fact that the duration of each sustain pulse determines the quantity of sustain
pulses which can be made per frame period depending on the time which stays free for sustaining. This also determines
the frequency of the sustain pulses. Generally, there is a minimum for the sustain pulse duration to ensure a good
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sustain operation enabling a good panel response fidelity. The rest of the sustain duration constitutes a margin which
can be used to adjust the sustain frequency to the panel behavior. In fact, each panel will have a domain in which its
behavior is quite stable. A stable panel behavior is obtained for a certain sustain frequency or optimal sustain frequency
which is in fact lower than the frequency required to achieve a maximum peak white but gives a homogeneous picture
rendition (high charged line and low charged line will have the same luminance).

[0028] So, based on the above features, the method of the present invention consists, first of all, in setting a threshold
value in relation to the picture load. The threshold value is in fact an amount of sustain pulses corresponding to a
certain percentage of picture load. This percentage corresponds to the limit of picture load having a perfect homoge-
neity. In fact, for a given panel and for a given display mode (i.e. 50Hz, 60Hz...), the threshold value is fixed and may
be stored in a table in the PDP control IC. A practical example will be given hereafter.

[0029] Once the threshold value set, the method consists in comparing, for a frame, the number of the current sustain
pulses to said threshold value and if said number is below the threshold value, generating the sustain pulses at a fixed
frequency or if said number is above, generating the sustain pulses at an evolving frequency. So, the sustain frequency
for high charged pictures such that pictures corresponding to an APL between 100% and 75% for instance, should
stay at the optimal value, while for the low charged picture below 75%, the sustain frequency is increasing, replacing
the previous sustain peak with high amplitude by a larger spectrum at lower amplitude as shown on figure 5. The figure
5 clearly shows that the utilization of a variable sustain frequency for pictures having a high peak luminance leads to
a reduction of the amplitude of the EMI (Electro Magnetic Interference) radiation. The energy spread is the same but
spread on a larger amount of frequencies; so it is less disturbing. Consequently a higher brightness is obtained without
the problem of EMI.

[0030] Practically, the implementation of the concept uses a count of the number of sustains, to decide of the length
of the new sustain operation to be performed.

[0031] For that purpose, a variable S corresponding to the actual sustain number is defined. For instance, the first
sustain pulse of the first sub-field will have the position 1 (S=1) whereas the last sustain pulse of the last sub-field will
have the position M (S=M) where M represents the total amount of sustain pulses displayed in the current frame.
[0032] Then, the length of the sustain pulse (frequency) will depend on this value S. The relation between this duration
and the value S will compute based on the following information:

> Limit C corresponding to the threshold value for high charged pictures: if S<C, then the sustain pulse duration
is set to the optimal one. This should limit any problem of load as explained above.

> How many time is available for sustain operation (depending on the addressing speed, the number of sub-
fields...) and how many sustain pulses should be used for peak-white picture (low charged one).

[0033] Depending on this information, the length of the sustain pulse can be computed as shown in the next example.
[0034] This example will be described in reference to a panel addressed using an ADS method with a sub field
organization of 12 sub fields, wherein the optimal or stable sustain frequency is at 200 kHz. In addition, the following
values will be used as an example, knowing that other values could also be used since they depend on the panel
technology;

The threshold value C is equal to 500, the maximal number of sustain pulses for a peak white is equal to 2000, the
available time for sustain operation is 4ms. Then, the 500 first sustain pulses will have an optimal duration of 2.5us
corresponding to the optimal working frequency of 200kHz. The time required for these 500 first sustain pulses is
1250us, so 1750us are free for the 1500 other sustain pulses.

[0035] According to the method of the present invention, various progression can be defined for the evolving fre-
quency:

- Linear: S,=S,_-k (k>0)
- With multiplying factor: S,=S,,_1 x k (k<1)

[0036] Various other progressions can be found and the example will be limit to the linear one.
[0037] Then, the following equation has to be solved:

i=1500

D8, =2750
i=1

with $,=2.5 and S,=S,, ,-k.
[0038] So
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i=1500
ZS,. =1500-§ 4k(1+2+3+...+1500) =1500- 5 ~ £ -1125750 = 2750.

i=1

giving: k =0.000889 us. The curve of figure 7 represents this result while figure 6 represents the evolution of the sustain
pulse duration for each sub field according to the present example. In this figure the 4th lowest sub fields have a fixed
sustain pulse duration of 2.5us and the 8th following sub fields have an evolving sustain pulse duration from 2.5us to
1.16us.

[0039] In the case of a linear progression, only a counter is required . the following algorithm is used:

If (currentSustainNumber<500)

{

CurrentSustainDuration = 2.5 us.
Else

CurrentSustainDuration=PreviousSustainDuration - k;

PreviousSustainDuration=CurrentSustainDuration;

[0040] The advantage of this concept is to dispose of a stable and optimized sustain frequency for high charged
picture (low number of sustain pulses) which are the most critical pictures for homogeneity.

[0041] On the other side, the duration of the sustain signal is going from 2.5 us down to 1.16 us enabling a large
spread of the frequency from 200kHz (2.5us) up to 430kHz (1.16us).

[0042] InFig. 8 a block diagram of a circuit implementation for the above explained method is shown. RGB data from
a video degamma block 10 is analysed in the average power measure block 11 which gives the computed average
power value APL to the PWE control block 12. The average power value of a picture can be calculated by simply
summing up the pixel values for all RGB data streams and dividing the result through the number of pixel values
multiplied by three, using the following formula

where M represents the total amount of pixels. Information on the contrast level and brightness level settings from the
user are also sent to the block 12 as represented by the blocks 17 and 18 The control block 12 consults its internal
power level mode table located, for example in a LUT (for Look Up Table). It directly generates the selected mode
control signals for the other processing blocks. It selects the sustain table and the sub field encoding table to be used.
[0043] The sub-field coding process is done in the sub-field coding unit 13. Here to each pixel value a sub-field code
word is assigned. In a simple embodiment, there may be a table for each mode so that the assignment is made with
this table. Ambiguities can be avoided in this way.

[0044] The PWE control block 12 also controls the writing WR of RGB pixel data in the frame memory 14, the reading
RD of RGB sub-field data SF-R, SF-G, SF-B from the second frame memory 14, and the serial to parallel conversion
circuit 15 via control line SP. It generates the SCAN and SUSTAIN pulses required to drive the driver circuits for PDP
16. In that case, the length of the addressing signal (addressing speed) will be taken from the LUT for each line of the
panel.

[0045] Note that an implementation can be made with two frame memories. Data is written into one frame memory
pixel-wise, but read out from the other frame memory sub-field-wise. In order to be able to read the complete first sub-
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field a whole frame must already be present in the memory. This calls for the need of two whole frame memories. While
one frame memory is being used for writing, the other is used for reading, avoiding in this way reading the wrong data.
[0046] Then, depending on the sustain table activated in function of the brightness, contrast and APL value, various
number of sustain pulses per sub field will be used. An internal counter provided in the control block and reset at the
beginning of each frame, will count during the sustain operation, the actual number of sustain pulses used. Depending
on the value C and k previously defined, the appropriate length of the signal is computed and used to control the plasma
panel through the SUSTAIN signal.

[0047] The whole computation of all parameters will be made one time for a given panel technology and then stored
in the memory or LUT of the plasma panel dedicated IC.

[0048] The blocks shownin Fig. 4 can be implemented with appropriate computer programs rather than with hardware
components.

[0049] The invention is not restricted to the disclosed embodiments. Various modifications are possible and are
considered to fall within the scope of the claims.

[0050] The invention can be used for all kinds of displays which are controlled by using a PWM like control of the
light emission for grey-level variation.

Claims

1. A method for optimizing brightness in a display device having a plurality of luminous elements corresponding to
the pixels of a picture, wherein the time duration of a video frame or video field is divided into a plurality of sub
fields during which the luminous elements can be activated for light emission with sustain pulses corresponding
to a sub field code word which is used for brightness control, the total number of sustain pulses being determined
in view of a selected power mode function of picture load the method including the following steps:

- setting a threshold value in relation to the picture load,

- comparing, for a frame, the number of the current sustain pulse to said threshold value,

- if the number of the current sustain pulses is below the threshold value, the sustain pulses are generated at
a fixed frequency,

- if the number of the current sustain pulses is above the threshold value, the sustain pulses are generated at
an evolving frequency.

2. Method according to claim 1, characterized in that the threshold value is set at a number of sustain pulses cor-
responding to a given percentage of the APL (Average Power Level) of a full white picture.

3. Method according to one of the claims 1 or 2, characterized in that the fixed frequency corresponds to the optimal
sustain frequency which gives a stable panel behavior.

4. Method according to one of the claims 1 to 3, characterized in that the evolving frequency will increase progres-
sively following a progression.

5. Method according to claim 4, characterized in that the progression is a linear progression or other type of math-
ematical progressions such as a progression using a multiplying factor.

6. An apparatus for carrying out the method according to one of the claims 1 to 5 said apparatus comprising at least
an average picture power measuring circuit (11), a sub field coding unit (13) and a power level control unit (12)
storing a table of power level mode, characterized in that said apparatus further comprises a counter for counting
the actual number of the sustain pulses and means for comparing the actual number to the threshold value and
for modifying the length of said sustain pulses according to the progression function used.
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