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IMAGE PROCESSING METHOD

1. Scope of the invention
5 The invention relates to the domain of image or video processing
for displaying on any type of display device for which the light source can be
modulated pixet by pixel {for example PODP ("Plasma Display Panel™) or by
region (for example an LOD (CLiguid Crystal Display™) soresen with LED
{“Light-Ermitting Diode”} bacie-lighting or relro-projection devices).
14
2. Prior ant
According 1o the prior art, such plasma or LOD screens arg
recognised for being high energy consumers, the plasma scresns being
reputed higher snergy consumers than the LCD screens. For exampls, the
15 nominal power of a plasma screen for which the diagonal dimension is 42
inches is of the order of 200 fo 250 Watts whils the nominal power of an LD
scresn with back-lighting at a2 constant power of the same dimensions is
slightly less, for example of the order of 150 Walts.
To satisfy the recommendations of the European commission
20 relating to the capping of slectnical consumplion of flat soreens (whethar they
arg of plasma, LCD or retro-projection type) that enier into force during 2010
To satisfy these recommendations, the slectnical consumption of soreens of
the prior art must be reduced. The French patent apphication FROB854108 filed
June 18, 2008 in the name of Thomson Licensing proposes 1o reduce the
slectrical consumptlion of soreens of the prior arl by applying & vidao patlem
o a video sequence in & way 1o consanve a maimum luminous infensity in
the region or regions of interest of images of the video seguence while
reducing the luminous intensity in accordance with distance from the region
or regions of intarest in the images of the video seguence. Figure 1 shows
30 the application of a vidseo pattemn (0 a sowrce image according o the patent
application FROS584108. A video patlern 11 corresponding for example 10 a
matrix of M lines by N columns M and N corresponding for exampls
raspactively to the number of lings and columng of the souwrce image) I8
applied to g source image 10 The patlern 11 is determined i such a way
that the video level takes 3 maximum value Max at the centre of the patiern,
for example equal to 285, and takes a minkmum value Min in the comers of
the pattern, that is to say in the regions of the pattern furthest from the cenire
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of the pattern. The minimum value corresponds for example {o a8 perceniags
of the maximum value Max. Thus, the convelution product (symbolized by the
muiltiplier 14) of the sowrce image 10 by the function (or sxample of
Gaussian or bilinear iype) enabling the video paftern 11 o be obiained
provides as a resull an output image 12 for which the video level will have a
maximum valus af s middle {or gt the level of the region or regions of
imterest) and 2 minimum vaiue in the comers {or gl the lsvel of the regions
furthest from the regions of interest), in accordance with the video pattern 11,

For some video seguences, conigining notably large uniform
regions, fransition regions appesr due o the gradient of the video patiemn
applisd to the source video sequence. Figure 4a shows & cunve
representative of a2 function of Gaussian type 40 used {0 define the video
patiern 11. By enlargement of a part 41 of the curve 40, it is possible (o see
the gradient jumps 42 at the origin of display faults. These faults are more or
less visible according to the number of bits that g screen can use for the
display of a video seguence. The lower the number of bils used, the greater
the faults will be. These display faulls are also known under the name of
guantization faults and are Hustrated by the patlern 13 that corresponds o
an enlargement of 3 quasi-uniform region 121 of the oulpyt image 13,
displayed in levels of gray. The pallern 13, for which the conirast was
increased in g way to clearly display the gray level transition regions, shows
genarally the display faults linked to the problem of quantization of screens of
e prior art.

3. Summary of the invention

The purpose of the invention I8 to overcoms at least one of thase
disadvantages of the prior art.

More particularly, the purpose of the invention is o reduce the
visibility of gray lgvel fransition regions on the display screen.

The invention relates {0 a method for processing a video image for
a display device. The method comprises a step of application of a third video
pattern o af least one part of the image, the third video pattern resulling from
the spatial interleaving of a first video pattern and at lsast a second video
pattern according to a determined modsi.

According to a particular characieristic, the first video patlem is
generated from a first Gaussian type function having a first standard
deviation.
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Advantageousty, the at least one second video paltermn is
generated from at lgast one second Gaussian type funclion having a second
standard deviation different from the Tirst standard devigtion,

According to 8 specific characleristic, the method comprises a
step of generation of the first video patlern and of the 8t least one segond
video pattern from an initial video pattern,

Advaniageously, the first video pattern and the at least one
second video patlem are generated by application of at least one weighting
coefficiant (o the first inltial video patlemn.

According o a particular characteristic, the spatial interigaving 8
camad out according o two dimensions.

According fo another characteristic, the first pattern and the at
least secondd pattemn arg generated In a way 0 conserve 3 maximum
uminous intensity in at least one region of the at least one part of the image
on which the third pattern s applied and {o aftenuate the luminous intensity in
the rest of the at lzast one part of the image, the at least ong region
comprising at least one phisl

4. List of figures

The invention will be betler understood, and other specific featuras
and advaniages will emerge upon reading the following description, the
description making reference o the annexed drawings wherein:

- figure 1 shows the application of g video patiem 10 8 source Image in a
procassing unit of the prior art,

- figure 2 disgrammatically shows the struclure of a progessing unit of a
display device, according 10 a particular embodiment of the invention,

- figure 3 shows two atlenuation funclions used in the processing unit of
figure 2 orfigure &, according to an embodiment of the invention,

- figure 48 shows an altenuation funclion used in & processing unit of the
prior art or in & processing unit of figure 2, according (o an embodiment of
the invention,

- figure 4b shows the resull of the inferesving of attenuation funclions
implemented  in the processing unit of figure 2, according o an
ambodiment of the invention,

- figures B and 8 diagrammatically show the structure of a processing unit
of a display device, according to two particular embodiments of the
invanion,
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figure 7 shows two altenuation functions used in the processing unit of
figure 6, aeeording fo an embodiment of the invention,

- figures 8 and 9 show a method for processing video images implemented
in @ processing urdt of figures 2, 5 or §, according o bwo particular
smbadiments of the invention.

§. Detalled description of embodiments of the invention

Figure 1 shows the processing of a source video image 10 to
which is applied a video pattern 11 according o the prior ant and notably as
described in the French patent application FROBS4108. The resull of the
application of the pattern 11 o the image 10 is shown by the resuliant video
imagse 12. The pattern 11 has the same dimensions as the source image o
which it iz applied. Advantageously, the pattern 11 is a mabix of dimensions
MM (M Iines by N columns) with a number of elements equal 1o the number
of pixels of images 10 and 12, To each slement on the malrix M™N
representative of the patlemn 11 is thus associaled a pixel of the source
image 10, The paltern 11 is delermined in 8 way such thatl the video level
{akes g maumal value Max at the cenirs of the pattern, for exampls equal to
255, and takes a minimal valus Min in the comers of the pattern, thal is to
say in the areas of the patlern furthest from the centre of the pallem. The
mirdmal value comrgsponds o & percentags of the maximal valus Max and is
for example equal 1o 80, 70, 80 or 3¢ % of the maximal value Max. In other
words, the element placed in the centre of the matrix represeniative of the
pattern 11 has as a value the maximal value Max of video level, for exampie
255, and the elements placed in the four comers of the malrix have as g
value the minimal valus Min of the video level The video level associated
with aach of the slemenis of the matrix representative of the paltern 11 is for
exampie obiained using & Gaussian or bilinear type funclion represanted by
the multipier 14,

According t© a variant, the eslements of the matrix MM
reprasentative of the pattern 11 take weighting coefficients as g value. The
slermnent placed in the centre of the malnx advaniageously {akes as a value 8
maximal weighting coefficient equal to 1 and the and the slements furthest
from the slement of the centre, that is {0 say the slemenis positioned in the
comers of the matrix, take as a value a same minimal weighting coefficient
corresponding 1o X % of the maximal weighling ooefficient, X having for
sxample g value of 60, 70, 80 or 80 %.
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Advantageously, the cenire of the pallemn having 85 3 valus the
video level maximal value or the maximal weighting coefficient comesponds
to an element of the malix M'N, namely the element placed at the
intersection of the middie line and the middie column. According fo a varsnt,
the centre of the pattern comresponds 1© 2 sat of elements of the matrix, for
sxample a circle centred on the slement of the centre of the matrix having as
a radius R elements (R being for example equal to &, 10, 20, 50 or 100
slements), a squars centrad on the element of the centre of the malrix having
sides of length L slements (L being Tor exsmple equal 10 5, 10, 20, 50 or 100
glements), 8 rectangle centred on the slement of the cenire of the matrix
having sides of length L elements and of width | elements, or any other
geometric form centred on the central slement of the matrix,

The invention will now be described in reference {0 8 particular
gmbodiment of & method for image processing wherein g video pattern,
called the third video pattern, resulting from spatial interleaving, sccording o
a determined interlsaving model, of g first video patlermn and of ong or several
second video patterns applied to all or part of & source image. The spatial
interteaving asccording o a delermined mods! of several video pallerns
advantageously enables the visibility of transition regions to be reduced as
described with respect {o figure 1. The first and second video patterns ars for
example, bt not exclusively, of the type of the video pattern 11 of figure 1.

Figure 2 diagrammatically shows a first hardware smbodiment of
a processing unlt 2 of a display device. The processing unit 2 fakes for
axample the form of a programmable logical cirouit of type FPGA (Field-
Programmable  Gale Amay) for xample, ASIC  (Applicstion-Specific
itegrated Circuit) or a DEP (Digital Signal Processor).

The processing unit 2 comprises the following slements:

- & processor 21,

- & memory 23,

- & synchronization unit 28,

- @ multiplexer 25 with four inputs 251 {o 254, sach input being

preceded by a multiplar,

- an address decoder 24,

- & normalization unit 28,

- & mudtiplisr 27,
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- data buses 200, 201, 202, 203, 204,

The processor 21 copfaing s funclion enabling an inilisl video
patiemn (o be generated sccording o the oriteria entered vig for example an
MM (Man Maching Interface) inlerface not shown, The crileria correspond
for example 1o the region of the initial pattern for which the video level is
maximal, to the desirad maximal value, 10 the minimal value corresponding 1o
a percentage X of the maximal value. The processor 31 generates an initial
video pattern represenied by 8 malix comprising as many slements as pixels
cortaingd in the image to be processed. If the image 1o be processed 210 s
10 an image comprising M Hnes and N columng, the malrix representing the

initial video pattern will also comprise M lines and N columns of slemenis.
The matrix gensrated is ansmitied to the memory {for example 8 RAM
(Randorm Access Memory) or fiash type memory 23 via a bus 200 connecting
the processor 21 (o the memory 23, the content of the memory 23 is then
15 fransmitted fo 8 mulliplexer 25 input. Each element of the memory 23 8
waighted with four weighting coefficients A1, A2, A3 or A4 (respectively
referenced 251 to 284} in pargliel, sach weighting corresponding o a
multiplexer 25 input, to form a first video pattern {weighted with the coefficient
A1y, and three second video patterns {respsclively weighted with the
20 coefficients A2, A3 and A4} An address decoder 24, connecied at inputio a
synchronisation unit 22 and at cutput to a multiplexer 25, routes the oulput of
the mudtiplexer 25 so that i applies to g pixel of an image o be processed
210 an element of the memory 23 waighted by a weighting cosfiicient A1, A,
A% or Ad vig the multiplier 27, and this for each pixel of the image i be
25 processed 210 The selection of an input 251 o 254 of the multiplexer 25 by
the addrass decoder (o apply the slements of the memory 23 weighted to the
pixeis of the image to be processed 210 advantageously follows a seguence
of selections of weighting coefficients programmed in the address decoder
24. The application of a given slement of the mabix containad in the mamory
30 23 to the pixel associgted with the image o be processed, the coordinates of
the element in the malrix being identical o the coordinates of the associated
pixel in the input image 26, is synchronised by the synchronisation unit 22
receiving at input signals of vertical synchronisation (Vsyne), horizontal
synchronisation (Haync) and a signal (RGE_an) corresponding to the active
35 pixels of the source image 210, The weighling coefficient applied o the
glernant of the memory 23 before this latler is applied {o a pixel of the image
o be processsd is selectad by the decoder 24 aecording 1o the address of

(¥
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the pixel o be processed and according 1o the seguence of weighting
cosfliclents stored in the address decoder 24, According 1o & variant, the
address decoder 24 contains several sequences of weighting coefficients,
the sequence 1o be applisd depending on the address (in X and in Y) of the
pixel of the image 1o be processed 210, Advaniageously, the sequence of
saguences of weighting coefficients are repeated cyclically. The sequencs or
seguences of weighting coeflicients advantageously depending on the
display screen typs, for example according o processes applied o the
images {for sxample “Dlurring”™) of a given dispiay scresn.

Here is an example of 2 sslection sequence of weighting coefficients applied
o the elements of the memory 23 according o the address of the pikel of the
imags (o be processed:

Line/Col | C1 C2 3} Cc4 | Ch o8
wnn L Gl
1 Al AZ A3 Ad A3 AZ
L2 A3 L a4 LAY A2 L AT L a2
3 | oAz Al AZ A3 Ad A3
L4 54 A3 At LAt A2 Al
L5 A2 Al AZ A3 | A4 A3
L5 A3 Ad A3 AZ A1 A2

Table 1. Sslection sequence of weighting coefficianis

According 1o this example, the selection sequeance of weighting coeflicients is
8 Bx8 matrix. During the application of elements of the memaory 23 1o the
image o be processed, the 1% pixel of the image to be processed is selected,
that is 0 say the pixel of the first line and the first column of the display
screen, Via the synchronisgtion unit, the 1 element of the memory
corresponding to this 1% pixel, that is 1o say the element having the samse
coordinates as the pixel is selected {first ling, first column) and 3 transmilted
o the four inpuis of the multiplexer 25, a weighting coefficient A1, A2, Ad or
Ad being applied to this 1% slement at the level of each of the four inputs of
the muitiplexer. Then a decoding unit 24 selects the input of the multiplexer
25 according to the matix represeniative of the seleclion sequence of
weighting coefiicients that # coniaing. in accordance with the malrix above,
the decoding unit sslects the first input of the multiplexer, that is to say that
corresponding to the cosfficient A1, Thus, the first element of the memary 23
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is weighied with the cosfiicient A1 before being applied o the first pixel of the
image to be processed 216,

Then the second pixael of the image 0 be processed s selected, for example
that of the first line and the second column. Via the synchronisation unit, the
second element of the memory corresponding to this second pixel, thal is o
say the slement having the same coordinales as the pixsl is selected (first
iine, second column) is selscted and is transmitied fo the four inputs of the
multiplexer 25, a weighting coefficient A1, A2, AS or A4 being appliad to this
second slemsnt at the level of each of the four inputs of the mulliplexer. Then
a decoding unit 24 selecls the input of the mulliplexer 25 aocarding o the
matrix representative of the selection sequence of weighting coefficiants that
# contains. In accordance with the malrix ahove, the decoding unit selects
the second input of the multiplexer, that is lo say that comssponding (o the
cosfiicient A2 Thus, the second element of the memory 23 is weighted with
the coafficient A2 befors being applied 1o the second pixel of the image o be
procassed 210

The same process is reiterated for each pixel of the image o be processed
210, The six first pixels of the first line have thus spplied the six first elemenis
of the first lineg of the memuory respectively weighied with the cosfficienis At,
A2, A3, A4, A3, AZ, then the six first pikels of the sscond Hne have applisd
the six first elements of the second line of the memory 23 weighled
respectively with the cosfficients A3, Ad, A3, A At A2 in accordance with
ihe selection matrix of coefficients of the decoding unit 24 and so on. The
coefficlents selection matrix is thus applied cyclically, which is to say that the
input image is divided into blocks of 8x8 pixels {or in an sguivalent way the
memary is divided into blocks of 5x8 elemenis) and that the same sequence
of 8x8 cosfficients is applied to sach of the blocks of 6x8 pixels (respeclively
8x8 slemsnis). The size of the coefficients selsction sequence malrix
advantageously depends on the screen typs and is for exampie 8x1 or 12x2
or 18118, sic.

in other words, the selection of inpuis of the multiplexer according 1o 3
selsction sequence stored in the sddress decoder 24 and according to the
address of a pixel assures a spalizl interleaving of several video patiemns
{that is fo say interisaving of a first video pattern and three second video
patterns), a video pattern comesponding o 8 malrix of MxN elemenis
generated from a function contained in the processor 21 1o which is applied a
waighting coefficient. In the embodiment of figure 2, the address decoder 34
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assures the spatial interleaving of four video pattemns o form a third video
pattern applied to the input image 210

The memory 23 and the multiplexer 25 are connecied together via
3 16 bit data bus. The input signal 210 is transmilied {o the multiplier 27 via a
data bus of for example of 32 bits (the number of bils 0 be ransmilted in
parafie! being 30 effective bils, sach RGB (Red, Green, Blue} component
being coded on 10 bits). The bus 201 is dimensioned at 18 bils as a single
glement coded on 10 bits of the malrix containad in the memory 23 18 1o be
applisd o the three RGE components defining sach pixel of the input imags
210, The bus 207 must then be capable of transmilting 10 bits in parsliel, a
16 kit bus is placed between the memory 23 and the mulliplexer 25 A
normalisation unit 26 is placed gt the culput of the multiplexer 27 o retum o
30 bits the coded signal from the multiplication of the input signal RGR 210
coded on 30 bits and the signal on 10 bits represeniative of elemenis of the
ihird video paltern, the signal at ouliput of the normalisation unit 24 being the
sutput signal RGE processed 211 representative of video images o be
dispiayed on the display device: the dynamics of the oulpul signal
RGEB processed 211 must be identical to the dynamics of the inpu signal
RGB 210, The output signal 211 corresponds {o the inpul image 210 (o which
was applied the third video patiern from the spatial interleaving of the first
and sscond video paltams.

in the case where the inifial video patlern has & maximal video
fevel in its centre and a minimal video level in the regions furthast from the
cenire of the pattern, the first and second video patterns having the same
characteristics as these first and second video patierns are identical o the
initial video pattern, o the nearest weighting cosfiicient. Thus, the third video
pattern from the spatial interleaving of the first video pattern and the second
vidgo pattern aiso has a maximal video level in s centre and a minimal video
level in the regions furthest from the centre of the pattern. The oulput image
211 will have a luminous intensity identical o that of the input image af the
centre of the image and a reduced luminous inlensity in the regions of the
image distant from the cenire ¢of the image. The reduction in the luminous
intensity of pixels of the image falls progressively from the centre of the
image towards the periphery of the image according o the function used (for
gxample Gaussian lype funchion or bilinear interpolation typs functiony to
generate the initial video patlem in the processor 21, The energy required o
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gdisplay the oulpul image i3 thus less than the energy thal would be
necessary o display the input imags not processed by the processing unit 2.

According io & varlant, the memory 23 is placed oulside of the
processing unit 2. in fagt, the memory 23 contains 83 many slements coded
o 10 bils as there are pixels in the inpul image 26 For an image of
rasolution 19201080 {(containing therefore 2073800 pixels), the memory
must have a siorage capacity of approgimately 2.8 MB. A RAM or flash
memory with such & storage capacity is generally not infegrated inlo a
processing unit 2 of FGPA or ASIC type.

Flgurs 3 shows two curves represenistive of altenuation funclions
used in the processing unit of figure 2 or figure 5, atcording o an
embodiment of the invention. The curve G131 advantagsously s
representative of the function programmed in the progessor 21, serving for
the generation of the initial video pattern. The function used {0 ganerate the
initial video pattern and the elements that comprise it is advaniageously of
Gaussian type, with for example as a formua:
(ol 0y )

2o 205; ’

x

Filx,vi= Kexp(~ formula 1

whare K is g delermined ocoefficient, for oxample 285
corresponding o the maximal video level, x and y corresponding respactively
o the abscissa and ordinate of an element of the video patlem, Xy and v
corresponding respectively io the coordinates of the cenire of the area in
which the luminous intensily is conserved at it maximal value, o, and o,
corresponding respectively to the variance in x and the vanance in y of the
Gaussian.

The curve G2 32 is for s part sdvantageously representative of
the function representative of the first video patitern or one of the three
second video patterns of figure 2. The cwrve G2 has for example as a
function the funclion of the curve G1 weightad by A1 or the funclion of G1
welghied by one of the cosfliclents A2, A3 or Ad. Thus the Tollowing formula

type s obiained for G2:
£,{0 v)= A A v, formula 2

A1 being for example squal to 0.0 10 0.8 or to 0.6, According to a
variant, A1 = 1 and one of the first and sscond video patterns is identical to

the initial video pattem,
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Figure 4 shows a Gaussian type atfenuation funclion used in a
processing unit of the prior art and also shows a1 type attenuation function
shown in figure 3 serving {o generale the initial video pattern. By enlargement
of @ part 41 of this curve 40, jumps in gradient 42 are cbserved st the ongin
of fransition regions visible notably in the parts having & uniform video level
of an image processed with the video patiern generated from such an
attenuation function.

Figure 4b shows the result of the interleaving of several Gaussian
fype astlenuation functions and advaniageocusly the resull of intereaving of
the function representative of the first video pattern and of three functions
representative of three second video patterns of figure 2. By enlargement of
a part 44 of the curve 43 from the result of the spatial inferteaving of curves
reprassntative of functions representative of first and second video pattems,
it can be sesn that the jumps in gradient 45 are much altenuated in
comparison with those present for the unique curve representative of a single
attenuation function. The spatial interleaving of several video pallerns
according to a determined sequence offers the advantage of reducing the
visibility of display faulis such as the appearance of transition regions visible
in the uniform parts of an image processed with one attenuation function and
as shown in figure 1,

Figure § diagrammatically shows a second hardware smbaodiment
of a processing unit 5 of a display device. The processing unit b takes for
axample the form of 3 programmabile logical croult of type FPGA for example
or ABIC or a DSP.

The processing unit 5 comprises the following slements:

- aprocassor §1,

- Two memories 83a and 53b,

- & synchronization unit 52,

- g rrultiplexer 55 with four inputs 851 to 554,

- an address decodar 54,

- & normalization unit 58,

- two muliiplexers 57 and 58,

- data buses 800, 501a, B01b 502, 503, and 504.

The processor 51, the synchronization unit 52, the address
decoder 54, the multiplier 58, the normalization unit 56 and the data buses
500 to 504 assurs the same functions as respectively the processor 21, the
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synchronization unit 22, the address decoder 24, the mulliplisr 27, the
normatization unit 28 and the data buses 200 to 204 described with respedt
i figure 2 and will not be further described in detail hersafler. The processor
51 uses the mathematical properties of certain attenustion funclions,
particularly the Gaussian type functions o generate the companenis in X of
the initial video patlern on one hand and the components in Y of the initial
video pattern on the other hand. As a reminder, a Gaussian type function as
Hustrated by the example in figure 3 has a general formula of typs:

Fleyh= i{,exp{—i— Gl %3 y + S };') i 3,

i 1o
B i

that can be broken down in the following way:

formula 3

Y

2
}

Y o
(XX

The first term exp(—-

{

—-Sn COMresponds 1o the components in X

of the initigl video pattern and the second term oxp(—wz—w}} corresponds o

&,
the componenis in Y of the initial video patlem,

The processor 51 gensrates on ong hand the components in X of
the nitial video pattern and transmils them for storags in g first memory 53a
and on the other hand the componenis in Y of the initigl video patiern and
fransmits them for storage it 3 second memory 53b. Advantageously, the
second memory 53h is identical, in lerms of storage capacily and or
structure, o the first meamory 53a. For an image of resolution 1920x1080
{thus containing 1920 nes and 1080 columnsg, of 1920 values in X and 1080
values in YY), two memories 533 and 53b of 2000 words of 16 bils sach are
sufficiert for the storage of components In X and Y. Such g hardware
embodiment of a processing unit offers the advaniage to be able 1o use the
memory embedded in an FRGA {or ASIC) circuit without having ¢ add RAM
or flash fype memory 1o the sxderior of the cirocuit. The application of an
glerment of the initial video pattern 10 a pixel of the image io be processsd is
carried out by selection of the component in X of the initial video pattern in
the memory 538 comesponding o the coordinale X of the pixel to be
processed and by selection of the component ¥ of the initial video patlermn in
the memory 53b corresponding 1o the coordinale Y of the pixel 1o be
processed. The valug of the component in X is then mullipliad to the value of
the component in Y via the multiplier 57, The sslaclion of componenis in X
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and in Y in the memories 53z and 53b from the address of the pixel to be
processed is synchronised via the synchronisation unit 52 that is linked to the
memories 53z and 530, The slement of the initial video pattern o be applied
o the selected pixel is then weighted by the cosflicienis A1, A2, Adand Ad o
formm a first video pattern and the three second video paltarmns at input o the
midtiplexer 55, The address decoder 54 then selects one of these four inpuls
according to the address of the pixel to be processad and & selection
sequence of weighting coefficients A1 1o A4 programmed and registersd in
the address decoder 54, The slement of the inilial video paltern weighted
with one of the weighting cosfficlents A1 o A4 selecled by the address
dacoder 54 s then transmitied to the mulliplier 58 o be applied 1o the pixel
coresponding © the image o be processed 510 to form the processed
image 511 at the output of the normalisation unil 56. As in the processing unit
2 of figure 2, the address decoder 54 carries out here 3 spatial interleaving
{according {o 8 predetermined spatal sequence) of the Tirst video patiern and
the three second video patterns to form g third video patlern that is applied o
tha input signal RGE 510 representative of vidso images o be processed.

Figurs § diagrammatically shows a third hardware embodiment of
a processing unil 8 of a display device. The procsssing unit € takes for
axample the form of a programmable logical ciroult of FRGA type for example
or ASIC or g DEP.

The processing unit § comprises the following slements:

- @ processor 61,

- four memories 83a, 83b and 64a, 84b ;

- asynchronization unit 82,

- two multiplexers 85 and 82 each with two inpuls,

- an address decodsr 87,

- a normalization unit 68,

- bwo multiplexers 60 and 68,

- ata buses 604, 803, 804,

The processor B1, the synchronization unit 82, the address
decoder 84, the multiplier 60, the normalization unit 88 and the data buses
800, 803 and 804 assure the same funclions as respectively the processor
21, the synchronization unit 22, the address decoder 24, the mulliplier 27, the
normalization unit 28 and the dala buses 200, 203 and 204 desoribad with
respect 1o figure 2 and will not be Turther described in detail haresfter. The
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procassor 81 condaing two altenuation functions enabling an initial video
nattern and 2 second video pattern 10 be genergted according 1o the criteria
entered vig for example an MM (Man Machine Interface) interface not
shown. The oriteria correspond for exampls to the region of the initisl patlem
for which the video ievel is maximal, to the desired maximal value, to the
minimal value coresponding 1o 3 percentage X of the maximal value and are
valid for the two functions. Advaniageously, the Gaussian lype functions
have two different standard deviations. The first function has for example a
formula:

£ 8%

i Aleyi=Kex (— x”;-i»(’yh}j”)“} formula 4
:» - l-\ 2(}'11

that can be broken down in the f@iiew:ng Way!

v 32

formula &

formula 8
iS5 that can be brskeﬂ down in the fcaﬁiawmg way.
K- - v
Filxv)= K exp{----i'—mfg)—}axp{—%}u)w} formuula 7

M Ix 2

The first terms of each of the formulas S and 7 cxp(

pr{-{ : ﬁ’--}----) correspond 1o components in X of respectively the first video
"‘ ix

pattern and the second video pattern and the wo tlarms é,'q}(---»‘------é-----‘-j-g’m’:) and

iy

video pattern and the second video pattern.
The processor 81 gensrates on one hand the components in X of each of the
first and second vidso palterns and transmils them for storage info
respectively a first memory 833 and a second memory 83b, and on the other
25 hand the components in Y of gach of the first and second video pattern and
wransmits them for slorage into respectively a third memory 848 and g fourth
memory 84b. Advaniageously, the first, second, third and fourth memories
£33, 63b, 843, 84b are identical in terms of siorage capacity andfor struclure.
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For aach pixel of the image 610 1o be processsed, that s {o say for
gach address {(XY) of pixels of the image 610, the componentin X and in Y
of a first element of the first video pattern are selected respectively in the
memories 63a and 84a | the position X and Y of componants X and Y in the
mamonies 63a and 64 a corresponding to the address (Y} of the pixsl io be
processed. Each of these componants X and Y of the first element of the first
video paltern ars transmitted to an input of & mulliplexer 85, In the same way,
the compaonents in X and Y of a sscond element of the second video patlern
are selected in the memories 83h and 64b to be ransmitied sach 1o an input
of & multiplexer 86, The selsction of components in X and in Y in the
memories 83s, 83b and 84a, 84b from the address of the pixel 1© be
processad is synchronised via the synchronisation unit 82 that is connected
o the mamories B3a, 83b and 84a, 64b.

The address decoder 87 then sslects one of the two inputs of the
muliiplexer 85 according to the address of the pixel {0 be processed and &
selection sequence of attenuation functions {function §; having a fwst
standard deviation or funclion £ having 2 second standard devigtion}
registerad in the address decoder 87, f the address decoder 87 selects the
input corresponding o the component X of the funclion §; of the multiplexer
§5 then the address decoder 67 selects the inpul comesponding o the
component ¥ of the function §; of the mulliplexer 68, If the address decoder
£7 zelacts the input corresponding o the component X of the funclion f of
the multiplexer 85 then the address decoder 87 selects the input
corresponding to the component Y of the function §, of the mulliplexer 8.
The multiplexers 85 and 86 fransmit then the components in X and Y of the
function f; {or of the function §,) selected by the address decoder 67 for
multipication of these componsenis together via a mulliplier 88, The result of
the multiplication is then fransmitted to the muttiplier 860 for multiplication with
the video level of the pixel corresponding o the image o be processed 610,
After processing by a normalisation unit 88, a processed image is oblained at
the output 811, that is o say an image for which the luminous levsl is
maximal in a region of the image (for example gt its centre} and for which the
uminous level is less great than that of the input image 810 in the rest of the
image, the luminosity varying according 1o the stienuation funclion used. The
address decodsr camies out a spatial interleaving {according W a
predetermined spatial segusnce) of sttenuation functions 11 and 12, that s 1o
say a spatal interleaving of first and second video pattemns 1o form g third
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video pattern that is applied o the input signal RGR 610 reprasentative of
video images 1o be processed,

Figure 7 shows two curves representative of altenuation funclions
used in the processing unit of figure 8, according to an embodiment of the
inverdion. The curve G1 71 is for example representative of the function %
seving in the generation of 8 first video pattemn and the curve G2 72 s for
axample representative of the funclion ; seving in the generation of tha
second video pattern. The curve G1 has a first standard deviation and the
curve (57 has a second standard devigtion that is different from the first
standard deviation. The curves G1 and G2 advantagsously have identicsl
characteristics, for example they have & maximum in 8 same point and a
mirdmum in the same points. Having identical characteristics enables & third
uniform video pattern to be obtained {from spatial interleaving of the first
video pattern and the second video pattern), that is {0 say with 3 maximum in
2 same poirtd and minima in the same points in ordey 1© obtain 8 maximum of
umninosity in the processad image in 8 given region and greater and greater
uminous attenuations as distance from the maximal region of juminosity
increases in a8 processed image indreases, without dispanly in the
attenuation gradient of the luminous intensily.

Figure & shows a method for processing video images
implemented in a processing unit 2, 5 or 6, according 0 a non-restrictive
particularly sdvantagsous embodiment of the invention.

During an initialisation step 80, the different parameters of the
processing unil ars updsted.

Then, during a step 81, a video pattern, called the third wideo
pattern, is generated by spatial interleaving of g first video patlern and one or
more second video patlerns. Advaniageously the spatisl interleaving follows
ong o several determined interleaving sequences. Advaniageously the third
video patism is genersted in 8 way 10 conserve & luminous intensity of
maximal valug in one or several regions of the image {or in one region of one
or several parts of the image) on which were applied the third video paltern
and in 3 way to alienuale the luminous intensily in the rest of the image {or
respectively in the rest of the part or part of the image). The ares for which
the luminous  indensity  conserves a  maximal valus  cormesponds
advantageously to the centrs of the image, that is to say for example {0 the
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pixel situated in the centre of the image or squally to the pixels distributed
around the ceniral pixel of the Imags. The ares thus defined corrasponds for
gxample o 2 pixel, {0 a circle having a radius of several pixels and centred
on the pixel of the centre of the image or to any geometric form centred on
the pixel of the cenfre of the image. According o a variant, the regions for
which the luminous intensity conserves a maximal value are two in number,
for example each situated on a lateral side of the image, at the middie of the
image. According o ancther variant, the regions for which the fuminous
intensity conserves a maximal value are three in number, with for example 8
region located at the centre of the image, the two others being iocated on the
lateral sides of the image al the middie of the image.

Advantagsously, the third video pattern I8 represanied by a wo
dimensional matrix M*N comprising M X N slements. According to 3 variani,
the number of slements of the malrix representative of the video patlem
comprise 85 many elements as there are pixels in the images o be
processed {for example 2073800 elements for a high definiion resoiution
image 182071080). The video patlern is then of the same dimensions as the
imagses 1o be processad. According to another particularly advaniageous
variant, the video pattern is of dimensions {or size) less than that of the
images {o be processsd, that s to say i comprises a number of elements
fess than the number of phrels contained in the Images o be procassed.

The function representalive of first and second video paltems are
advantageously of Gaussian typs, with for exa{npie as 8 formuia:

=y
3 e
Fabht S

Floey)= Ko

where K is a determined cosfficient, for example 25&
corresponding to the maximal video level, x and y corresponding respechively
i the absoissa and ordingte of an element of the video patlem, X and yo
coresponding respectively o the ceordinates of the centre of the region in
which the uminous intensity is conserved at it masdmat valus, o and oy
corresponding respectively o the variance in x and the variance in vy of the
Gaussian. According to 8 variant, the function representative of the first video
pattern has & first coefficient K1 and the function representative of the
sacond video pattern has 2 sscond cosfficient K2 different to K1, According
10 another variant, the function representative of the first video pattern has a
first standard devigtion ot and the funclion representative of the second
video pattern has a second standard deviation o2 different to o1, According
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o this variant, the funchtions of deviations types o1 and o2 have a same
cosfficient K or different coefficlents K1 and K2,
According to varlant, the functions ussd o generats the first and second
video patterns are of bilinear type. The attenuation of the luminous intensity
appiled to the pxels of the image to be processed is even more significant as
the pixel is far from the pikel or pikels of the area for which the uminous
intensity is maximal and s proportional to the distance of the maximal
luminous intensity area. This variant will be advantageously implemented in g
processing unit 2.
Advantageously, the first and second vides patlerns have similar
characteristics, that is lo say they enable a luminous intensity of maximal
value o be conserved in one or several same regions of the image (orin a
same region of one or several parts of the image) on which will be applisd
the third video paltern and they enable the luminous intensity W be
attenuated in the rest of the image {or respactively in the rest of the part or
parts of the image) according to & same schema (for example in the same
proportions with luminous intensity minima in the same points of the image.
Hance, the third video patiern resulting from the interleaving of the first and
or second video patierns will have chargoteristics similar {0 the first and
second video patterns and coherencies {thatl is o say the luminous intensity
will be maximal in a same region and the luminous intensity minima will be
iocated in the same points as the first and second pattems).
The spatial interleaving of the first video paltern and of the sscond video
patterns is advantageously carried out according o two spatial directions, &
first dirgction in X corresponding o the columns of the display device on
which the video processing is camried oul and a second diredlion in Y
corresponding to the ting of the display device,

Then, during a step 82, the third video patlern is applied v each
image of the video sequencs, image by image. The patlern is apphed 0 a
source image at input 1© the processing unit and the resulling image has a
luminous intensity equal to that of the sowrce image in the ragion or regions
in which the paftern presents a maximal video level and presents g reduced
fuminous intensity in the rest of the image, the reduction of luminous intensily
with respect o the source image being linked to the values of slements
comprised in the video patiern and applied 1o the pixels of the source image.
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Figure 8 shows g method for processing video images
implemented in 8 processing unit 2, 5 or §, according o a non-restrictive
narticularly advantageous embodiment of the invention,

Chring an initialisation step 80, the different parameters of the
processing unit are updalsd.

Then, during & siep 91, 3 first video patiern is generated according
o a first attenuation function. The first altenugtion function is advantageously
of Gaussian type with a first standard devialion. According to g vanani, the
first attenugtion function is of bilinear type. According to another variant, the
first video paftern is generated from an initigl video pattern. According to this
variant, the first video paftern is equal o the initial video patlern weighted
with & first weighting cosfficient advaniageously comprised belween U and 1.
According o 2 variant, the first weighting coefficient is egual to 1 and the first
video pattern and the initial video patlern are identical.

Then, during a step 82, 2 second vidsg pattern 8 gensrsted
according 1o a second atlenuation function different from the first attenugtion
function. The second attenustion function is advantageously of Gaussian
type with 3 second standard devigtion different from the first standard
devigtion. According to a variant, the second stienuation funclion & of
bilingar type. According to another varant, the second video pattern is
generated from an initial video patlern. According 1o this variant, the second
video pattern is equal to the initial video paltern weighted by a sscond
weighting coefficient advantageously comprised between 0 and 1. The
second weighting cosefficient is advantageously different from the first
weighiing cosfficient. Advantageously, several second wvideo patlerns are
generated. Each second video patiern has a standard deviation different from
that of other second video patlerns. According o 8 varant, sach second
video pattern has a coefficient K different o that of other second video
patterns with a same standard deviahion or not.

Then during 3 siep B1, a third video patlern is generated by spatial
interieaving of the first video pattern with the second video pattern or second
video patiems. This step 81 corresponds to step 81 described with regard to
figure B and is not further described heresiier

Then, during a step 82, the third video patlern is applied o al least
ong video image of a video ssguence. This step B2 corresponds o step 82
described with regard o figure 8 and is not further described hereatler,



WO 2011/032913

tG

PCT/EP2010/063385
20

Maturally, the invention is not limited fo the embodiments
previcushy described.

i particular, the invention is not restricted to & method for
processing images but extends o the processing unit implementing such a
method and o the display device comprising 8 processing unit implementing
the image processing method.

The is alse not limited o the spatial interleaving of two video
patterns but extends fo the spatial interleaving of more than two video
patterns, for example 3, 4, §, 8 or 10 video pattemns,

According fo a varant, several video pallems generated from
Gaussisn funciions of different standard deviations are each weighted by &
plurality of weighting cosfficlents before being spatially overlapped according
o a determined sequence o form an resulting video pattern, called the third
vidao pattern.

according to an advantageous embodiment, the memory, the
multiplier, the interpolation unit and the normalisation unit of the processing
unit 2 are for example replaced by a LUT {Look-Up Table} correspondence
table siored in 3 memory. The corespondence {able is addressed with the
position of tha pixel of the image 1o be processed and with the RGE data of
the pixel and provides direclly at oulput an RGB valus of the pixel
associated with the posilion of the pixel and it input RGE value, o be
displaved In the oulput image afler weighting by 8 weighling coefficient
selected by the address decoder according to a determined sequence. Such
an embodiment enablas the hardware implementation of the processing unit
o be simplified and snables the image procassing to be acceleraled.
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CLAIMS

1. Method for processing a video image (10} for a display device,
characterized in that the method comprises a step (82} of application of
third video patlern o at least one part of the image,

said third video pattern resulting from the spatial interleaving of a first vidso
pattern and at least one second video pattern according ¥ 8 determingd
model,

said first pattern and said at lsast one second patlemn being generated in a
way to conserve a maximum luminous intensity in at least one region of said
al least one part of the image on which said third pattern is applied and {o
atenuate the luminous intensily In the rest of said at least ong part of the
imags, said at leas! one region comprising at least one pirel.

2. Method according o claim 1, characlerized in that the first video patlem
is generated from 3 first Gaussian typs function (71} having a first standard
dewviation.

3. Method according fo claim 2, characlerized in that the at lsast one
second video patiern is generated from at least one second Gaussian type
function {72) having a second stendard deviation different from said first
standard devigtion.

4. Method according to claim 1, characlerized in that it comprises a siep
(81, 82) of gensration of said first video patlern and of said at least one
second video pattern from an initial video pattemn.

5 Method scoording to claim 4, characlerized in that said first video
pattern and said 3t least one second wvideo pattern are generated by
application of af least one weighting cosfficient to said first infial video
pattern.

6. Maethod according o one of claims 1 to 5, characierized in that said
spatial interleaving is carried out according ¥ two dimensions.
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f. Device for image processing comprising a processor (81) adapted for
the generation of 8 first video patlern and &l least one second video pallern,
characterized in that said device also comprises:

- means {65, 88, 67, 89) for genersling & ihird video paltem
resulting from the spatial inferleaving of said first video pattern and
said at least one second video patiern according 10 a determingd
model,

- means {80) for applving said third video pattern {0 at least one part
of the imagse,

said first patlern and said at lsast one sscond patlern being generated in a
way {0 conserve & maximum luminous intensity in at least one region of said
at least one part of the image on which said third pattern is applisd and o
atienuate the luminous intensity in the rest of said at least one part of the
image, said at least one region comprising at least one pixel.

. Mathod according to claim 8, chargeterized in that i comprises a step
(81, 82) of gensration of said first video paltern and of said at least one
second video pattern from an initial video pattermn.

Q. Device according to one of clams 8 v 8, characterized in that said
spatial interleaving is carried oul accarding o two dimeansions.
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