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Description

[0001] The present invention generally relates to the generation of a light color by mixing a plurality of light emitting
diodes (LEDs). More particularly, the invention is directed to the generation of a desired color and to the control of LEDs
in order to obtain the desired color by mixing the light produced by the respective LEDs.
[0002] Prior art US 6552495 B1 discloses a control system for generating a desired light color on the basis of three
red, green and blue LEDs. The system comprises a sensor for measuring the color coordinates of the light color generated
by the three LEDs. A transformation module is adapted to convert said color coordinates to another color space. Reference
color coordinates corresponding to the desired light and expressed in the second color space are provided by a further
transformation module. Error color coordinates between the desired light color coordinates and the generated light color
coordinates are then generated and fed to a driver module configured to generate drive signals IR, IG, IB for driving the
LEDs.
[0003] However using only three LEDs to produce a color on the basis of only three basic colors (RGB) is disadvan-
tageous since the color rendering index (CRI) of the mixed color is limited in view of the spectral gaps between the red,
green and blue colors.
[0004] Prior art WO 2006/109237 A1 proposes to solve this problem and to increase the CRI of the generated color
by using an LED module comprising more that three different LEDs. By adding a fourth LED, for example a white LED,
the CRI index can be improved.
[0005] However the problem is now that the reference value of the desired color has only three coordinates X, Y, Z,
while four output signals have to be produced to drive the three LEDs and the additional one. To overcome this problem
said prior art evaluates the position of the color coordinates of the desired color in the color space. More specifically, it
is evaluated in which sub-triangle that can be produced in the color space by the four light sources the reference color
is placed. The color diagram of Fig. 6 shows an example with five possible sub-triangles delimited by the points P0 to
P5. Then the respectively fourth light source outside of the sub-triangle containing the reference color point Px is switched
off, which results in three light sources being easily controlled in view of a tri-stimulus input signal.
[0006] Prior art US 7315139 B1 discloses a light source including three LEDs controlled by a color controller with a
color sensor including photodiodes for measuring the light generated by all three LEDs. Coefficients can be determined
for a particular controller and set of LEDs by powering each LED separately and observing the signal from each of the
photodiodes. The addition of a fourth LED requires the addition of a fourth photodiode and bandpass filter to allow the
intensities of all four LEDs to be monitored so that the servo loop will maintain the LED intensities at the desired values
as the LEDs age. The computational workload of such a system is significantly greater, which increases the cost.
[0007] Prior art WO 02080625 A1 discloses a system for controlling a RBG based LED luminary which tracks the
tristimulus values of both feedback and reference whereby the forward currents driving the LED luminary are adjusted
in accordance with the errors between the feed tristimulus values and the reference tristimulus values until the errors
are zero.
[0008] Prior art "Colorimetric and Multispectral Image Acquisition Using Model-Based and Empirical Device Charac-
terization" by Daniel Nyström, 15th Scandinavian Conference on Image Analysis, SCIA 2007, LNCS 4522, 10 June
2007- 14 June 2007, pages 798-807, Aalborg, Denmark, discloses an experimental image acquisition system, which
besides trichromatic RGB filters also provides the possibility of acquiring multi-channel images using filters. To derive
mappings to colorimetric and multispectral representations, a model-based characterization is disclosed in which the
physical model describing the process by which the device captures color is inverted to reconstruct spectral reflectance.
[0009] In this respect it is an object of the present invention to improve the control of a light module having at least
four different light sources with differing spectra.
[0010] A first aspect relates to a method for driving a plurality of at least four LEDs with differing spectra such that the
superposition of the light emitted by the at least four LEDs results in light of a pre-set nominal color coordinate value
The method comprises the step of determining the drive value for each LED by multiplying the nominal color coordinate
value with the pseudo-inverse of a gain matrix representing, in color coordinates, the light output of each LED for a given
drive value.
[0011] Another aspect proposes a method for driving a plurality of at least four LEDs with differing spectra such that
the superposition of the light emitted by the at least four LEDs results in light of a pre-set nominal color coordinate value,
the method comprising the steps of:

- setting up a gain matrix representing, in color coordinates, the light output of each LED for a given drive value,
- computing the pseudo-inverse of the gain matrix, and
- computing the drive value for each LED by multiplying the nominal color coordinate value wit the pseudo-inverse

of the gain matrix.

[0012] The method may furthermore comprise the step of
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- measuring the color coordinate of the light produced by the at least four LEDs, and
- computing the drive value for each LED by multiplying a value which is a function of the nominal color coordinate

value and the actually measured value with the pseudo-inverse of the gain matrix.

[0013] The generated drive signals may be pulse-width modulated signals.
[0014] The method may furthermore comprise the step of calculating and storing for the superimposed light of the at
least four LEDs critical areas of the color space, wherein the pseudo-matrix multiplication would result in a drive value
of less than zero for at least one LED.
[0015] The pseudo-matrix multiplication step may be carried out only if said coordinate values are comprised in none
of the calculated critical areas.
[0016] Any LED for which the pseudo-inverse multiplication would result in a negative control value can be switched off.
[0017] The method may comprise the step of measuring the gain matrix.
[0018] The measurement may be carried out in a start-up sequence while any feed-back loop is deactivated.
[0019] The invention also relates to a computer software program product, performing a method according to any of
the preceding steps when run on a computing device such as e.g. a microprocessor.
[0020] The invention furthermore relates to an integrated circuit, such as e.g. an ASIC, which is designed to carry out
a method a set forth above.
[0021] Another aspect relates to a system for driving a plurality of at least four LEDs with differing spectra such that
the superposition of the light emitted by the at least four LEDs results in light of a pre-set nominal color coordinate value.
The system comprises means for determining the drive value for each LED by multiplying the nominal color coordinate
value with a pseudo- inverse of a gain matrix, the gain matrix representing, in color coordinates, the light output of each
LED for a given drive value.
[0022] Finally, the invention also proposes a system for driving a plurality of at least four LEDs with differing spectra
such that the superposition of the light emitted by the at least four LEDs results in light of a pre-set nominal color
coordinate value,
the system comprising:

- means for storing a gain matrix representing, in color coordinates, the light output of each LED for a given drive value,
- means for computing the pseudo-inverse of the gain matrix, and
- means for computing the drive value for each LED by multiplying the nominal color coordinate value with the pseudo-

matrix.

[0023] The invention proposes a decoupling method by using the pseudo-inverse of the gain matrix. Using the de-
coupling method, each of the four differing spectra (preferably R, G, B, and any additional color) can be considered
independently from each other as the respective contributions from one color to the other color are taking into account
by a compensation factor which is given by the pseudo-inverse matrix.
[0024] When using the invention, whenever possible, all four (or more) colors will usually make some contribution,
contrary to the prior art. However, it can not be excluded that in "extreme" color coordinate situations (i.e. when the
desired nominal color coordinate to be produced is in the outer regions of the color coordinates), one light source or
color has to be switched off. This occurs nevertheless less frequently in comparison to the prior art case. In order to
calculate the values of the pseudo-inverse matrix, a startup sequence may be necessary, e.g. at the manufacturing side
or periodically in use, in order to measure the gain matrix. Via this startup sequence, the gain matrix can be measured
and then be stored in the controller (or the pseudo-inverse thereof is stored). E.g. by sequentially switching on the
different LEDs, it can be measured how much a certain color spectrum influences the respectively other colors.
[0025] In the startup sequence the four colors are switched on, without feedback loop and control, and via the color
sensors the influence of the respectively four colors on the X, Y, Z coordinates are measured. Thus, the pseudo-inverse
matrix is set up in the startup sequence. In order to avoid problems caused by the intensity-dependants of the spectrum
of a LED, preferably a PWM control is carried out.
[0026] The invention also comprises an additional aspect in which beforehand critical areas in the CIE coordinate
system are calculated. Critical areas are those areas where the pseudo-inverse matrix based control asks for contribution
of a color of zero or even a negative value, which is physically impossible. If a reference color coordinate now is in one
of these critical areas, the controller reduces the corresponding one of the at least for different colors to zero and then
carries out the control using the remaining three using a 3x3 matrix mapping. This aspect reflects the problem that using
the complete pseudo-matrix approach for the decoupling, in these critical areas either an instability of the control can
occur or it takes longer iteration steps for the controller to reach the target color coordinate, as the controller has to
overcome the physical constraint that a color can only be reduced to zero but no negative value - theoretically computed
using the method - can be achieved.
[0027] Using this critical area approach, the CIE diagram will show a big portion in which, using the decoupling method,
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all four light sources or colors are active. At the border areas there will be the critical areas where one of the light sources
or colors has to be switched off. Instead of the decoupling pseudo-inverse matrix, the simple three to three mapping will
be carried out in order to calculate the control values for the remaining three other LEDs or colors. Actually, as in each
of the critical areas one of the four light sources has to be completely switched off, a total of four ’alternative matrices’
has to be computed. Actually, these alternative matrices are simply the complete decoupling matrix, in which one row
corresponding to the color to be set to zero is entirely set to zero.
[0028] The foregoing form as well as other forms, features and advantages of the invention will become further apparent
from the following detailed description of the embodiments, read in conjunction with the accompanying drawings. The
detailed description and drawings are merely illustrative of the invention rather than limiting, the scope of the invention
being defined by the appended claims.

Fig. 1 shows a light control system according to a first embodiment of the present invention,

Fig. 2 describes a method according to the invention

Fig. 3 shows a second embodiment of the present invention,

Fig. 4 shows a color space diagram in accordance with the invention,

Fig. 5 shows a further color space diagram in accordance with the invention, and

Fig. 6 shows a color space diagram according to the prior art.

[0029] With reference to Fig. 1 a first embodiment of the present invention will be described in the followings.
[0030] Fig. 1 shows a control system 1 according to the invention and adapted to control a plurality of LEDs so as to
generate a given light or light color. In the particular embodiment of Fig. 1, four LEDs having different spectra can be
controlled. E.g. the four LEDs may consist in a red, a green and a blue LED together with an additional LED that may
e.g. be a white LED. The plurality of LEDs is advantageously assembled together in an illumination device.
[0031] The control system 1 is designed to map a nominal color coordinate to drive signals for the different LEDs.
[0032] The control system 1 is designed to control (drive) the at least four different light sources such that the super-
position of the at least four spectra results in light having a preset nominal color coordinate with values Xref, Yref, Zref
describing a desired color in the so-called CIE 1931 XYZ color space or CIE 1931 color space that has been created
by the Commission Internationale d’Eclairage (CIE) in 1931. Such combined values X, Y and Z are also referred to as
the tristimulus values of a color and reflect the amounts of the three primary colors in the CIE 1931 color space. Even
if the present embodiment bases on said color space, the tristimulus values can also be defined and given in an alternative
three-component additive color model like in the CIE xyY, the CIE L*u*v* or the CIE L*a*b* color space.
[0033] The reference coordinate values Xref, Yref, Zref of the desired color to be generated by the control system 1
can be stored in a memory or buffer 2 designed to store the color coordinates in the used color space which is here the
CIE 1931 color space.
[0034] The memory 2 is connected to a controller 3 that comprise e.g. a PI-controller 4 and a pseudo-inverse multiplier
5. The PI-controller or proportional-integral controller 4 is advantageously a diagonal PI-controller that is configured to
output coordinate values cX, cY, cZ on the basis of the reference coordinate values Xref, Yref, Zref and actually measured
color coordinates of the superimposed light emitted by the different LEDs, which measured color coordinates are fed
back to the control system. Alternatively other known controllers can replace said PI-controller 4.
[0035] The controller 3 is able to provide adapted control signals for driving the LEDs in order to achieve a desired
color by mixing the LEDs outputs. The control signals can be control voltages or control currents for the LEDs. Preferably
controller 3 defines the duty-cycles of pulse-width modulation (PWM) signals used to drive the LEDs. The PWM control
is preferably carried out in order to avoid problems caused by the intensity-dependence of the spectrum of an LED.
[0036] The output of the PI-controller 4 is fed to the pseudo-inverse multiplier 5 that multiplies the coordinate values
cX, cY, cZ with a matrix M-1 being the pseudo-inverse or generalized inverse of a matrix M representing the influence
of the respective four colors generated by the four LEDs on the X, Y, Z coordinates.
[0037] The pseudo-inverse multiplier 5 and therefore also the controller 3 of the system 1 output R, G, B, A values
according to the following equation: 
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with the matrix M-1 having the dimension 4*3.
[0038] The calculated values R, G, B, A can be used for generating the PWM signals used to drive the LEDs. Said
values R, G, B, A correspond to respective driving signals PWMR, PWMG, PWMB, PWMA for controlling the individual
LEDs. Advantageously an additional LED driver module (not shown) can be integrated in the system 1 to generate
appropriate driving signals PWMR, PWMG, PWMB, PWMA for the RGBA LEDs on the basis of the calculated values R,
G, B, A.
[0039] Applying this pseudo-inverse matrix M-1 at the output of the PI-controller 4 will result in a decoupled system.
In that way, each of the red, green, blue and additional colors can be considered independently from each other as the
respective contribution from one color to the other color is taken into account by a compensation factor which is given
by the pseudo-inverse matrix M-1.
[0040] The plant 6 comprises a multiplier 7 that multiplies the obtained R, G, B, A matrix with said M matrix, also called
the gain matrix, in order to obtain the coordinate values X, Y, Z of the light generated by the four LEDs.
[0041] Fig. 2 illustrates a startup sequence that is necessary in order to calculate the values of the pseudo-inverse
matrix M-1 used in the controller 3.
[0042] Within this startup sequence, it has to be measured S1 how much a certain color spectrum influences the
respectively other colors. In the case of an RGBW system making use of red, green, blue and white LEDs, the first step
S1 of the startup sequence is therefore to measure the influence of the spectrum generated by the red LED on the colors
generated by the other green, blue and white LEDs. Likewise the respective influence of the spectrum generated by the
green, blue and white LEDs on the other LEDs is measured.
[0043] In the first step S1 of the startup sequence the four colors are switched on, without feedback loop and control.
The influence of the respectively four colors on the X, Y, Z (e.g. RGB) coordinates are measured via color sensors (not
shown).
[0044] The result of those measures is put in the gain matrix M. This means that said gain matrix M comprises the
influence factors measured in the first step S1.
[0045] The measurement step S1 can be carried out at different moments. Advantageously the measurement will take
place during or after production of the LEDs and/or during production of said illumination device comprising the LEDs.
After this manufacturing step, the gain matrix M can be measured in a testing routine at startup or during the lifetime of
the LEDs to take account of the possible modification of the spectrum generated by each LED. Most advantageously
this measurement is carried out periodically during the lifetime of the LEDs.
[0046] Once the gain matrix M has been measured, the pseudo-inverse matrix M-1 is calculated S2. This calculation
is performed for example according to a known mathematical method, such that the following equation is verified: 

[0047] The equations to be fulfilled by the pseudo-inverse matrix M-1 are:
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[0048] As a result the output of the plant 6 corresponds to the coordinate values modified by the PI-controller 4: 

[0049] Once the matrix M-1 has been calculated, it is stored S3 in the controller 3.
[0050] The above described embodiment can be generalized to a decoupling method using a pseudo-inverse control
for controlling a number of n LEDs, which method can be defined by the equation: 

wherein M is the gain matrix and PWM_LEDi is the PWM signal for driving the ith LED of the illumination system, the
value of the PWM_LEDi signal being comprised between 0 and 1.
[0051] In the followings a second embodiment of the present invention will be described.
[0052] The use of the pseudo-inverse controller 3 of the first embodiment can result in control actions that are smaller
than zero. As previously described the control actions can preferably be the PWM duty-cycles for each LED, i.e. for each
channel, wherein the minimum possible value for such a control action is zero.
[0053] In other words they are areas of the CIE 1931 color space, which may be called critical areas, where the pseudo-
inverse matrix M-1 based control according to the first embodiment asks for a color contribution of zero or below zero.
Such a negative contribution is in fact physically impossible and results in a time-consuming tracking of a reference point
located in such a critical area.
[0054] The second embodiment now comprises an additional step of calculating S4 said critical areas in the CIE 1931
color space in order to avoid such time-consuming tracking.
[0055] Fig. 3 shows a control system 1’ according to the second embodiment of the invention and adapted to control
the output of four LEDs to generate a desired mixed light/color.
[0056] A memory 2’ is adapted to store the color coordinates rx, ry, rY of the desired color according to the CIE xyY
color space. The memory 2’ is coupled to a first xyY to XYZ transformation module 10 for converting color coordinate
values from the xyY to the XYZ color space so as to obtain new values Xref, Yref, Zref describing the desired or reference
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color.
[0057] The output of said first transformation module 10 is connected to a feedback adder 11 that generates an error
signal by subtracting coordinate values X, Y, Z generated by the control system 1’, from the reference coordinate values
Xref, Yref, Zref. A PI-controller 4 similar to that of the first embodiment then outputs the values ∆X, ∆Y, ∆Z.
[0058] The color coordinates rx, ry, rY defining the desired color are also fed to a sectoring module 12 that has to
verify whether or not the reference point defined by the coordinates rx, ry, rY is located within a critical area of the color
space. This module 12 also performs the calculation S4 of said critical areas and preferably stores the result.
[0059] A control unit 13 is connected to the output of the PI-controller 4 and to the output of the sectoring module 12.
The control unit 13 receives from the sectoring module 12 information about the location of the desired color within the
color space and whether the desired color is located in a critical area of the color space. More specifically the information
received by the control unit 13 can define that all four LEDs or that only three LEDs shall be activated.
[0060] In case the four LEDs are to be used, the desired color is outside a critical area of the color space and the
control unit 13 causes the pseudo-inverse multiplier 5 to multiply the coordinate values ∆X, ∆Y, ∆Z with the pseudo-
inverse matrix M-1 of the first embodiment. The obtained RGBA coordinates are as follows: 

[0061] In case one of the LEDs has to be switched off because the desired color is in a critical area, the control unit
13 causes a multiplier 14 to multiply the coordinates ∆X, ∆Y, ∆Z with a modified pseudo-inverse matrix that has no
contribution for the LED to be switched off. For example the corresponding modified pseudo-inverse matrix for switching
off the red LED would be MR=o

-1: 

[0062] The system 1’ also comprise the multiplier 7 of the first embodiment that multiplies the obtained R, G, B, A
coordinates with the gain matrix M to obtain the values X, Y, Z that are sent to the feedback adder 11. The values X, Y,
Z correspond to the actual colors produced by the LED module and are detected by a photosensor (not shown). The
system 1’ further comprise a second XYZ to xyY transformation module 15 for converting the values X, Y, Z into the xyY
color space.
[0063] In the followings the step of calculating S4 said critical areas in the CIE 1931 color space, which can be
performed by the sectoring module 12, will be described.
[0064] The critical areas, where respectively the red (R), green (G), blue (B) or additional (A) LED is turned-off, can
be defined by following equations: 
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[0065] For calculating the critical area in which the red LED is turned off, following equation has to be considered: 

[0066] The X and Z coordinates can be replaced by the CIE xyY coordinates as follows: 

[0067] By solving this equation one obtains:

[0068] This equation defines the critical area with the red LED turned off, which is shown under reference A4 in Fig.
4. Similar reasoning applies to the other critical areas.
[0069] The advantages of the present invention over the prior art can be seen on Figs. 5 and 6 that depict a given
color gamut in a xyz color space diagram. The hatched area 50 corresponds to the critical area of the color space wherein
the green LED is turned off according to the present invention.
[0070] The corresponding area of the color space wherein the green LED is switched off according to the above
mentioned prior art WO 2006/109237 A1 is the hatched area 60 of Fig. 6.
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[0071] The fact that the hatched area 50, 60 is smaller in the diagram of the invention shows that the overall CRI
values obtained with a system of the invention is better than the CRI according to the prior art.
[0072] The transitions between the different areas of the color space are also smoother.
[0073] Another advantage is that, upon applying the method of the invention, the LEDs are turned off only when
necessary.
[0074] The inventive controller 3, 5 can further store information about temperature and correct the driving of the LEDs
accordingly.
[0075] The computing the pseudo-inverse may be performed externally to the LED driving system. For example, a
calibration sequence can be done during or after production. A computer, which is not part of the system itself and which
may be connected only for the calibration procedure, can control the system and define the light output levels for the
LEDs. The system can then set up a gain matrix representing, in color coordinates, the light output of each LED for the
given drive values. Then the (external) personal computer can compute the pseudo-inverse of the gain matrix, and could
also compute the drive values for each LED by multiplying the nominal color coordinate value with the pseudo-matrix.
The computed results can then be stored in the system, for example in the controller 3 or the memory 2. The computing
can be done partly in the personal computer, but it can be also done partly or completely within the system itself. While
performing parts of the computing outside of the system, the demand on the controller 3 capabilities may be reduced.

Claims

1. A method for driving a plurality of at least four LEDs with differing spectra such that the superposition of the light
emitted by the at least four LEDs results in light of a pre-set nominal color coordinate value,
the method comprising the step of determining the drive value for each LED characterized in that the step of
determining the drive value for each LED is carried out by multiplying the nominal color coordinate value with the
pseudo-inverse (M -1) of a gain matrix (M)representing, in color coordinates, the light output of each LED for a given
drive value.

2. The method according to claim 1,
the method comprising the steps of:

- setting up a gain matrix representing, in color coordinates, the light output of each LED for a given drive value,
- computing (S2) the pseudo-inverse of the gain matrix, and
- computing the drive value for each LED by multiplying the nominal color coordinate value with the pseudo-
inverse matrix.

3. The method according to claim 1 or 2,
comprising the step of

- measuring the color coordinate of the light produced by the at least four LEDs, and
- computing the drive value for each LED by multiplying a value which is a function of the nominal color coordinate
value and the actually measured value with the pseudo-matrix.

4. A method according to any of the preceding claims,
wherein the generated drive signals (PWMR, PWMG, PWMB, PWMA) are pulse-width modulation signals.

5. A method according to claim 3 or 4,
comprising calculating (S4) for the superimposed light of the at least four LEDs critical areas of the color space,
wherein the pseudo-matrix multiplication would result in a drive value of less than zero for at least one LED.

6. A method according to claim 5,
wherein the pseudo-matrix multiplication step is carried out only if said coordinate values are comprised in none of
the calculated critical areas.

7. A method according to claim 5 or 6,
wherein any LED for which the pseudo-inverse multiplication would result in a negative control value is switched off.

8. A method according to anyone of the preceding claims, comprising the step of measuring (S1) the gain matrix (M).
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9. The method according to claim 8,
wherein the measurement is carried out in a start-up sequence while any feed-back loop is deactivated.

10. A computer software program product,
performing a method according to any of the preceding steps when run on a computing device such as e.g. a
microprocessor.

11. An integrated circuit, such as e.g. an ASIC, comprising means for carrying out a method according to any of claims
1 to 9.

12. A system (1) for driving a plurality of at least four LEDs with differing spectra such that the superposition of the light
emitted by the at least four LEDs results in light of a pre-set nominal color coordinate value, the system comprising
means for determining the drive value for each LED characterized in that said means are adapted to determine
the drive value for each LED by multiplying the nominal color coordinate value with a pseudo- inverse (M -1) of a
gain matrix (M), the gain matrix (M) representing, in color coordinates, the light output of each LED for a given drive
value.

13. The system according to claim 12,
comprising

- color sensors for measuring the color coordinate of the light produced by the at least four LEDs, and
- means for computing the drive value for each LED by multiplying a value which is a function of the nominal
color coordinate value and the actually measured value with the pseudo-matrix.

14. The system according to claim 12 or 13,
comprising a PWM drive unit, supplied wit the drive values and performing a PWM driving of the LEDs, wherein the
duty cycle of the PWM drive depends on the supplied drive values.

15. The system according to any of claims 12 to 14, comprising means for storing for the superimposed light of the at
least four LEDs critical areas of the color space, wherein the pseudo-matrix multiplication would result in a drive
value of less than zero for at least one LED.

16. The system according to claim 15,
which is designed to perform the pseudo-matrix multiplication step only if said coordinate values are comprised in
none of the calculated critical areas.

17. The system according to claim 15 or 16,
wherein any LED for which the pseudo-inverse multiplication would result in a negative control value is switched off.

18. The system according to anyone of claims 12 to 17, comprising means for measuring (S1) the gain matrix (M).

19. The system according to claim 18 ,
designed for carrying out the measurement of the gain matrix in a start-up sequence while any feed-back loop is
deactivated.

20. The system according to anyone of claims 12 to 19, where at least a part of the computing is performed externally
of the system itself.

Patentansprüche

1. Verfahren zur Ansteuerung einer Vielzahl aus wenigstens vier LEDs mit unterschiedlichen Spektren derart, dass
die Überlagerung des durch die wenigstens vier LEDs emittierten Lichtes Licht eines vorbestimmten Soll-Farbko-
ordinatenwertes ergibt, wobei das Verfahren den Schritt des Ermittelns des Ansteuerwertes für jede LED umfasst,
dadurch gekennzeichnet, dass der Schritt des Ermittelns des Ansteuerwerts für jede LED ausgeführt wird durch
Multiplizieren des Soll-Farbkoordinatenwerts mit der Pseudoinversen (M-1) einer Pegelmatrix (M), die in Farbkoor-
dinaten die Lichtabgabe jeder LED für einen gegebenen Ansteuerwert angibt.
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2. Verfahren gemäß Anspruch 1, wobei das Verfahren die folgenden Schritte aufweist:

- Aufstellen einer Pegelmatrix, die in Farbkoordinaten die Lichtabgabe jeder LED für einen gegebenen Ansteu-
erwert angibt,
- Berechnen (S2) der Pseudoinversen der Pegelmatrix, und
- Berechnen des Ansteuerwertes für jede LED durch Multiplizieren des Soll-Farbkoordinatenwertes mit der
pseudoinversen Matrix.

3. Verfahren gemäß Anspruch 1 oder 2,
umfassend den Schritt des

- Messens der Farbkoordinate des durch die wenigstens vier LEDs erzeugten Lichtes, und
- Berechnens des Ansteuerwertes für jede LED durch Multiplizieren eines Wertes, welcher eine Funktion des
Soll-Farbkoordinatenwerts ist, und des tatsächlich gemessenen Wertes mit der Pseudomatrix.

4. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei die erzeugten Ansteuersignale (PWMR, PWMG,
PWMB, PWMA) Impulsbreiten-Modulationssignale sind.

5. Verfahren gemäß Anspruch 3 oder 4,
welches das Berechnen (S4) der kritischen Bereiche des Farbraums, wobei die Pseudomatrix-Multiplikation in einem
Ansteuerwert von weniger als Null für wenigstens eine LED resultieren würde, für das überlagerte Licht der wenig-
stens vier LEDs umfasst.

6. Verfahren gemäß Anspruch 5,
wobei der Pseudomatrix-Multiplikationsschritt nur durchgeführt wird, falls die Koordinatenwerte in keinem der kriti-
schen Bereiche enthalten sind.

7. Verfahren gemäß Anspruch 5 oder 6,
wobei irgendeine LED, für welche die Pseudoinverse-Multiplikation in einem negativen Steuerwert resultieren würde,
ausgeschaltet wird.

8. Verfahren gemäß einem der vorhergehenden Ansprüche,
das den Schritt des Messens (S1) der Pegelmatrix (M) umfasst.

9. Verfahren gemäß Anspruch 8,
wobei die Messung in einer Startsequenz, während eine Rückkopplungsschleife deaktiviert ist, durchgeführt wird.

10. Computersoftware-Programmprodukt, welches ein Verfahren gemäß einem der vorhergehenden Schritte durchführt,
wenn es auf einer Rechenvorrichtung, wie beispielsweise einem Mikroprozessor, ausgeführt wird.

11. Integrierte Schaltung, wie beispielsweise eine ASIC, welche ausgelegt ist, das Verfahren gemäß irgendeinem der
Ansprüche 1 bis 9 durchzuführen.

12. Anordnung (1) zur Ansteuerung einer Vielzahl aus wenigstens vier LEDs mit unterschiedlichen Spektren derart,
dass die Überlagerung des durch die wenigstens vier LEDs emittierten Lichtes in Licht eines vorbestimmten Soll-
Farbkoordinatenwertes resultiert, wobei die Anordnung Mittel zur Ermittlung des Ansteuerwertes für jede LED um-
fasst, dadurch gekennzeichnet, dass die Mittel ausgelegt sind, den Ansteuerwert für jede LED durch Multiplizieren
des Soll-Farbkoordinatenwerts mit einer Pseudoinversen (M-1) einer Pegelmatrix (M), die in Farbkoordinaten die
Lichtabgabe jeder LED für einen gegebenen Ansteuerwert angibt, zu bestimmen.

13. Anordnung gemäß Anspruch 12,
umfassend:

- Farbsensoren zum Messen der Farbkoordinate des durch die wenigstens vier LEDs erzeugten Lichtes, und
- Mittel zum Berechnen des Ansteuerwertes für jede LED durch Multiplizieren eines Wertes, welcher eine
Funktion des Soll-Farbkoordinatenwerts ist, und des tatsächlich gemessenen Wertes mit der Pseudomatrix.

14. Anordnung gemäß Anspruch 12 oder 13,
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umfassend eine PWM-Ansteuereinheit, der die Ansteuerwerte zugeführt werden und die eine PWM-Ansteuerung
der LEDs durchführt, wobei das Tastverhältnis der PWM-Ansteuerung von den zugeführten Ansteuerwerten abhängt.

15. Anordnung gemäß einem der Ansprüche 12 bis 14,
umfassend Mittel zur Speicherung der kritischen Bereiche des Farbraums, wobei die Pseudomatrix-Multiplikation
in einem Ansteuerwert von weniger als Null für wenigstens eine LED resultieren würde, für das überlagerte Licht
der wenigstens vier LEDs.

16. Anordnung gemäß Anspruch 15,
welche dazu ausgelegt ist, den Pseudomatrix-Multiplikationsschritt nur durchzuführen, falls die Koordinatenwerte
von keinem der berechneten kritischen Bereiche enthalten sind.

17. Anordnung gemäß Anspruch 15 oder 16,
wobei irgendeine LED, für welche die Pseudoinverse-Multiplikation in einem negativen Steuerwert resultieren würde,
ausgeschaltet wird.

18. Anordnung gemäß irgendeinem der Ansprüche 12 bis 17,
umfassend Mittel zum Messen (S 1) der Pegelmatrix (M).

19. Anordnung gemäß Anspruch 18,
die ausgelegt ist, um die Messung der Pegelmatrix in einer Startsequenz, während irgendeine Rückkopplungs-
schleife deaktiviert ist, durchzuführen.

20. Anordnung gemäß irgendeinem der Ansprüche 12 bis 19,
bei der wenigstens ein Teil der Berechnung außerhalb der Anordnung selbst durchgeführt wird.

Revendications

1. Procédé pour commander une pluralité d’au moins quatre LEDs ayant des spectres différents de sorte que la
superposition de la lumière émise par les au moins quatre LEDs se traduit par une lumière ayant une valeur de
coordonnée de couleur nominale préréglée, le procédé comprenant l’étape consistant à déterminer la valeur de
commande pour chaque LED, caractérisé en ce que l’étape de détermination de la valeur de commande pour
chaque LED est réalisée en multipliant la valeur de coordonnée de couleur nominale avec le pseudo-inverse (M-1)
d’une matrice de gain (M) représentant, en coordonnées de couleur, l’émission de lumière de chaque LED pour
une valeur de commande donnée.

2. Le procédé selon la revendication 1,
le procédé comprenant les étapes consistant à :

- mettre en place une matrice de gain représentant, en coordonnées de couleur, l’émission de lumière de chaque
LED pour une valeur de commande donnée,
- calculer (S2) le pseudo-inverse de la matrice de gain, et
- calculer la valeur de commande de chaque LED en multipliant la valeur de coordonnée de couleur nominale
avec la matrice pseudo-inverse.

3. Le procédé selon la revendication 1 ou 2,
comprenant les étapes consistant à

- mesurer la coordonnée de couleur de la lumière produite par lesdites au moins quatre LEDs, et
- calculer la valeur de commande pour chaque LED en multipliant une valeur qui est une fonction de la valeur
de coordonnée de couleur nominale et la valeur réelle mesurée avec la pseudo-matrice.

4. Un procédé selon l’une quelconque des revendications précédentes,
dans lequel les signaux de commande générés (PWMR, PWMG, PWMB, PWMA) sont des signaux de modulation
de largeur d’impulsions.

5. Un procédé selon la revendication 3 ou 4,
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comprenant le calcul (S4), pour la lumière superposée desdites au moins quatre LEDs, de régions critiques de
l’espace colorimétrique, dans lesquelles la multiplication par la pseudo-matrice résulterait en une valeur de com-
mande inférieure à 0 pour au moins une LED.

6. Un procédé selon la revendication 5,
dans lequel l’étape de multiplication par la pseudo-matrice est réalisée seulement si lesdites valeurs de coordonnée
ne sont comprises dans aucune des régions critiques calculées.

7. Un procédé selon la revendication 5 ou 6,
dans lequel toute LED pour laquelle la multiplication par le pseudo-inverse résulterait en une valeur de commande
négative est éteinte.

8. Un procédé selon l’une quelconque des revendications précédentes, comprenant l’étape consistant à mesurer (S1)
la matrice de gain (M).

9. Le procédé selon la revendication 8,
dans lequel la mesure est réalisée dans une séquence de démarrage pendant que n’importe quelle boucle de
rétroaction est désactivée.

10. Produit de programme d’ordinateur,
exécutant un procédé selon l’une quelconque des revendications précédentes lorsqu’il est exécuté dans un dispositif
informatique/de calcul tel que par exemple un microprocesseur.

11. Circuit intégré, tel que par exemple un ASIC,
comprenant des moyens pour réaliser un procédé selon l’une quelconque des revendications 1 à 9.

12. Système (1) pour commander une pluralité d’au moins quatre LEDs ayant des spectres différents de sorte que la
superposition de la lumière émise par les au moins quatre LEDs se traduit par une lumière ayant une valeur de
coordonnée de couleur nominale préréglée, le système comprenant des moyens destinés à déterminer la valeur
de commande pour chaque LED, caractérisé en ce que lesdits moyens sont adaptés pour déterminer la valeur
de commande pour chaque LED en multipliant la valeur de coordonnée de couleur nominale avec un pseudo-inverse
(M-1) d’une matrice de gain (M), la matrice de gain (M) représentant, en coordonnées de couleur, l’émission de
lumière de chaque LED pour une valeur de commande donnée.

13. Le système selon la revendication 12,
comprenant

- des capteurs de couleur pour mesurer la coordonnée de couleur de la lumière produite par lesdites au moins
quatre LEDs, et
- des moyens pour calculer la valeur de commande pour chaque LED en multipliant une valeur qui est une
fonction de la valeur de coordonnée de couleur nominale et la valeur réelle mesurée par la pseudo-matrice.

14. Le système selon la revendication 12 ou 13,
comprenant une unité de commande par PWM, alimentée par les valeurs de commande et réalisant une commande
par PWM des LEDs, dans lequel le rapport cyclique de la commande par PWM dépend des valeurs de commande
fournies.

15. Le système selon l’une quelconque des revendications 12 à 14,
comprenant des moyens pour stocker, pour la lumière superposée desdites au moins quatre LEDs, des régions
critiques de l’espace colorimétrique, dans lesquels la multiplication par la pseudo-matrice résulterait en une valeur
de commande inférieure à zéro pour au moins une LED.

16. Le système selon la revendication 15,
qui est conçu pour effectuer une étape de multiplication par la pseudo-matrice seulement si lesdites valeurs de
coordonnée ne sont comprises dans aucune des régions critiques calculées.

17. Le système selon la revendication 15 ou 16,
dans lequel toute LED pour laquelle la multiplication par le pseudo-inverse résulterait en une valeur de commande
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négative est éteinte.

18. Le système selon l’une quelconque des revendications 12 à 17,
comprenant des moyens pour mesurer (S1) la matrice de gain (M).

19. Le système selon la revendication 18,
conçu pour effectuer la mesure de la matrice de gain dans une séquence de démarrage pendant que n’importe
quelle boucle de rétroaction est désactivée.

20. Le système selon l’une quelconque des revendications 12 à 19,
au moins une partie des calculs étant réalisée en dehors du système lui-même.
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