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Method for dimming a light generating system for generating light with a variable color

FIELD OF THE INVENTION
The present invention relates in general to an illumination system for
generating light with a variable color, and more particular to a control system for driving an

illumination system comprising three fluorescent lamps of mutually different colors.

BACKGROUND OF THE INVENTION

Systems for generating light with a variable color are already known. By way
of example, reference is made to US-5.384.519, which describes a system with three
individual light sources, each light source producing light with a specific color, the three
specific colors being mutually different. The light produced by the system as a whole
contains a mixture of the light produced by three individual light sources, and the color of the
light mixture is a mixture of the three specific colors. For varying the color of the light
mixture, the relative light intensities of the three individual light sources can be set at a
certain ratio.

Each of the light sources has a nominal output power, and each of the light
sources can be dimmed such that the actual light output power of such light source is lower
than the nominal output power. Setting the relative light intensities of the three individual
light sources is done by adequately setting the respective dim factors of the three light
sources.

Having set the color of the light mixture as desired, the output intensity of the
system as a whole can be varied while keeping the color constant. To this end, the light
intensities of the three individual light sources are varied, such that the ratio of the relative
light intensities is maintained constant in order to keep the color constant. A problem in this
respect is that the light intensity of each light source can only be varied within a certain range
defined by a minimum intensity level and a maximum intensity level, which maximum
intensity level typically corresponds to the nominal intensity. The maximum output intensity
of the system as a whole is reached when the light source having the highest relative intensity
reaches its maximum intensity level: a further increase in intensity is not possible for this

light source. The minimum output intensity of the system as a whole is reached when the
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light source having the lowest relative intensity reaches its minimum intensity level: a further
decrease in intensity is not possible for this light source. The variable intensity range is
largest for colors where the light intensities of the three individual light sources are
substantially equal. The variable intensity range is lower for colors where the light intensities
of the three individual light sources differ greatly. The variable intensity range is lowest for
colors close to the outer edges of the color gamut.

In said document US-5.384.519, a system is disclosed for obtaining a specific
desired output color at a certain desired dim level. Corresponding control signals for the three
light sources are taken from a memory, and the three light sources are controlled by the three
corresponding control signals as read from memory. Then, the actual output light is
measured, and it is checked whether the actual output light is in conformity with the settings.
If it is found that a first one of the light sources produces not enough light, the control signals
for the other two light sources are adapted such that the light outputs of the other two light
sources are reduced, in such a manner that the mixture has the desired color; however, a
consequence is then that the intensity of the mixture light is less than expected.

If one of said other two light sources is at its minimum intensity, reducing the
light output of this one light source is not possible. Then, the control signal for the said first
one of the light sources is adapted such that the light output of this first light source is
increased, and the control signals for the other two light sources are adapted, such that the
desired color ratio is obtained and hence the mixture has the desired color; however, a
consequence is then that the intensity of the mixture light is higher than expected. Thus, this
publication aims at keeping the color point constant but at the expense of sacrificing the light
intensity.

The present invention aims to solve or at least reduce the above problems.
More particularly, the present invention aims to provide a light generating system which can

be dimmed over an extended dim range while maintaining the color.

SUMMARY OF THE INVENTION

According to an important aspect of the present invention, when the light
source having the lowest relative intensity reaches its minimum intensity level and further
dimming is desired, the output intensity of the other two light sources is reduced but the
output intensity of the said light source at its minimum intensity level is maintained constant,
in such a way that the hue remains constant. As a result, although the actual color of the light

mixture changes, the color impression for a human observer remains the same.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects, features and advantages of the present invention will
be further explained by the following description with reference to the drawings, in which
same reference numerals indicate same or similar parts, and in which:

Fig. 1 schematically shows a chromaticity diagram;

Fig. 2 is a block diagram schematically showing an illumination system;

Fig. 3 is a graph illustrating a relationship between a system dim factor § and
individual lamp dimming factors;

Fig. 4 is a graph comparable to Fig. 3, illustrating extended dimming;

Fig. 5 is a graph comparable to Fig. 1, illustrating an end condition for the

extended dimming.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 schematically shows an xy chromaticity diagram. This diagram is well-
known, therefore an explanation will be kept to a minimum. Points (1,0), (0,0), and (0,1)
indicate ideal red, blue and green, respectively, which are virtual colors. The curved line 1
represents the pure spectral colors. Wavelengths are indicated in nanometers (nm). A dashed
line 2 connects the ends of the curved line 1. The area 3 enclosed by the curved line 1 and
dashed line 2 contains all visible colors; in contrast to the pure spectral colors of the curved
line 1, the colors of the area 3 are mixed colors, which can be obtained by mixing two or
more pure spectral colors. Conversely, each visible color can be represented by coordinates
in the chromaticity diagram; a point in the chromaticity diagram will be indicated as a "color
point".

It is noted that a different graphical color representation, for instance the RGB
chromaticity diagram, may also be used, as should be clear to a person skilled in this art.

When two pure spectral colors are mixed, the color point of the resulting
mixed color is located on a line connecting the color points of the two pure colors, the exact
location of the resulting color point depending on the mixing ratio (intensity ratio). For
instance, when violet and red are mixed, the color point of the resulting mixed color purple is
located on the dashed line 2. Two colors are called "complementary colors" if they can mix to
produce white light. For instance, Fig. 1 shows a line 4 connecting blue (480 nm) and yellow
(580 nm), which line crosses the white point, indicating that a correct intensity ratio of blue

light and yellow light will be perceived as white light. It is noted that the light mixture
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actually still contains two spectral contributions at different wavelength. The same would
apply for any other set of complementary colors: in the case of the corresponding correct
intensity ratio, the light mixture will be perceived as white light.

If the light intensity of two complementary colors (lamps) is indicated as 11
and 12, respectively, the overall intensity Itot of the mixed light will be defined by 11+12,
while the resulting color will be defined by the ratio 11/12. For instance, assume that the first
color is blue at intensity 11 and the second color is yellow at intensity 12. If 12=0, the
resulting color is pure blue, and the resulting color point is located on the curved line 1. If 12
is increased, the color point travels the line 4 towards the white point. As long as the color
point is located between pure blue and white, the corresponding color is still perceived as
blue-ish, but closer to the white point the resulting color would be paler.

In the following, the word "color" will be used for the actual color in the area
3, in association with the phrase "color point". The "impression" of a color will be indicated
by the word "hue"; in the above example, the hue would be blue. It is noted that the hue is
associated with the spectral colors of the curved line 1; for each color point, the
corresponding hue can be found by projecting this color point onto the curved line 1 along a
line crossing the white point.

Further, the fact whether a color is a more or less pale hue will be expressed
by the phrase "saturation". If a color point is located on the curve 1, the corresponding color
is a pure spectral color, also indicated as a fully saturated hue (saturation = 1). As the color
point travels towards the white point, the saturation decreases (less saturated hue or paler
hue); in the white point, the saturation is zero, per definition.

It is noted that many visible colors can be obtained by mixing two colors, but
this does not apply for all colors, as can casily be seen from Fig. 1. In order to be able to
produce light having any desired color, three lamps producing three different colors are

needed. More lamps may be used, but that is not necessary.

Fig. 2 is a block diagram schematically showing an illumination system 20,
comprising three fluorescent lamps 21, 22, 23 and a control system 30. The first lamp 21
generates first light L1 having a first color C1; the second lamp 22 generates second light L2
having a second color C2; the third lamp 23 generates third light L3 having a third color C3,
wherein the three colors C1, C2, C3 of the three lights L1, L2, L3 are mutually different. For
the sake of explanation, it may be considered that each lamp 21, 22, 23 generates spectrally

pure light having substantially only one wavelength (or having only a narrow spectrum). In
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practice, however, a fluorescent lamp does not generate light of only one wavelength, and its
color will not be a color on the curve 1 but a color somewhere within the area 3. In a suitable
embodiment, the first color C1 is a red color, the second color C2 is a green color, the third
color C3 is a blue color, as shown in an exaggerated manner in Fig. 1.

The first lamp 21 has a nominal light intensity indicated as Inom(1). Likewise,
the second lamp 22 has a nominal light intensity indicated as Inom(2), and the third lamp 23
has a nominal light intensity indicated as Inom(3). These three nominal light intensities may
be mutually equal, but this is not necessary. Instead of light output intensity, it is also
possible to refer to electrical power consumption.

Each of said lamps 21, 22, 23 is a dimmable lamp, i.¢. capable of receiving a
dim control signal for setting the actual level of the output light intensity 11, 12, 13,
respectively.

The control system 30 has a first output 31 for generating a first control signal
Sc1 for controlling the intensity of the first light of the first lamp 21. In response to receiving
the first control signal Scl, the first lamp 21 operates in a dimmed condition defined by a first
lamp dim factor 61 between 0 and 1, such that the actual output light intensity I1 can be
written as:

I1 = 61-Inom(1) (1)
Obviously, the dim factor 61 is a function of the control signal Scl.

Similarly, the control system 30 has a second output 32 for generating a
second control signal Sc2 for controlling the intensity of the second light of the second lamp
22, and a third output 33 for generating a third control signal Sc3 for controlling the intensity
of the third light of the third lamp 23. In response to receiving the second control signal Sc2,
the second lamp 22 operates in a dimmed condition defined by a second lamp dim factor 82,
such that the actual output light intensity 12 can be written as:

12 = 62-Inom(2) (2)

In response to receiving the third control signal Sc3, the third lamp 23 operates in a dimmed
condition defined by a third lamp dim factor 63, such that the actual output light intensity 13
can be written as:

13 = 33-Inom(3) 3)

The overall output light of the illumination system 20 is indicated at L, and is
a mixture of the three lights L1, L2, L.3. From the earlier explanation, it should be clear that
the color point of the combined output light L is determined by the three actual output light
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intensities 11, 12, I13. The control system 30 has a first user control input 36 for receiving a
user control signal ScoLoyr With which a user may set the color point of the output light of
the illumination system 20. The control system 30 is adapted to generate its output control
signals Sc1, Sc2, Sc3 in such a way that the individual intensities of the individual lamps 21,
22, 23 have the correct mutual ratios corresponding to the required color point. The
relationship between the input color point and the corresponding output control signals Scl,
Sc2, Sc3 is defined by lamp setting factors al, a2, a3, which may be stored in a memory of
the control system 30. If desired, the control system 30 may have light detectors associated
with the individual lamps 21, 22, 23 to monitor the corresponding light intensities 11, 12, 13
and to adapt the corresponding output control signals Scl, Sc2, Sc3 if necessary, but this is
not shown in the figure.

The control system 30 has a second user control input 37 for receiving a user
control signal Sppy with which a user may dim the output light of the illumination system 20.
The nature of the dim control signal Spyy is not relevant; by way of illustration, the dim
control signal Sppy is assumed to indicate a continuously variable system dim factor B within
a range from a maximum setting indicated as "1" to a minimum setting indicated as "0". The
user's intention, when changing the dim control signal Sppy, 1S that the overall light intensity
of the combined output light L of the system 20 is changed but the color point is maintained.
This could graphically be illustrated by adding a third axis representing intensity and
extending perpendicular to the plane of Fig. 1: the user's intention would then correspond to
traveling a line parallel to said third axis down to intensity zero.

Based on the color setting (defined by the lamp setting factors al, 02, a3) and
the dim setting (defined by the system dim factor B), the control system 30 calculates the

individual lamp dim factors 01, 62, 63 in accordance with the following formulas:

31 =pal 4)
32 = a2 (5)
83 = pra3 (6)

and generates its output control signals Scl, Sc2, S¢3 correspondingly.

With respect to the setting of the color point, it is noted that this setting does
not change if the individual light intensities of all lamps 21, 22, 23 are multiplied by the same
factor B. Among the three individual lamp setting factors a1, a2, a3, normally one will have
the highest value, while the other two will have lower values (although it may happen that

two of said factors are equally high while the third factor is lower). Therefore, it is possible to
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scale these three dim factors such that the value of said one dim factor is equal to 1; since
these scaled values correspond to the situation with the highest overall light intensity of the
system output light L. with B=1, it will be assumed that these scaled values are the values as
stored in the said memory of the control system. In the following explanation, it will be

assumed that a3=1 and that ¢2<1 and al1<1.

Fig. 3 is a graph illustrating the relationship between the system dim factor 3
(horizontal axis) and the three individual lamp dimming factors 61, 62, 83 (vertical axis).

Since the three individual lamp dimming factors 81, 82, 83 are all multiplied
by the same factor B, the color point does not shift when the overall intensity is reduced
(traveling towards the right in Fig. 3). In an ideal case, the overall intensity reaches zero
when B reaches zero. However, a practical problem exists in that the lamps have a physically

determined lower dim limit Iy, corresponding to a lower limit of the lamp dim factor

OmiN = Immv/Inom. This lower limit is shown in Fig. 3 as a horizontal broken line 5. It is

noted that the three lamps 21, 22, 23 may have mutually different lower dim limits, but this is

not illustrated in the figure. For the sake of argument, it will be assumed hereinafter that the

lower dim limit Iy is equal for all lamps.

Fig. 3 shows that the first lamp 21 reaches its lower dim limit Sy when the

system dim factor P reaches a value 1. If the user reduces the system dim factor f3 still
further, the control system 30 can not comply by reducing the light intensity of this third
lamp. A conventional control system 30 will therefore maintain the setting of its output
control signals so that the light is not dimmed beyond 1, even if the user reduces the system
dim factor B below B1. In other words, the effective dim range for this setting of the color

point is from B=1 to f=P1.

According to a first aspect of the present invention, dimming of the system is
continued with the intensity of the first lamp 21 being maintained at its minimum dim level.
It is possible to continue dimming in accordance with the formulas (5) and (6), accepting a
small change in the location of the color point. However, in a preferred embodiment, the
present invention proposes to continue dimming with constant hue. To the user, the most
important effect is that the light intensity is reduced indeed, as requested by the user, while

the change in color point is hardly noticeable since the hue is maintained.



10

15

20

25

30

WO 2007/116349 PCT/IB2007/051211
8

As explained in the above, changing a color point while maintaining the hue
can be visualized as traveling a straight line towards the white point in the chromaticity

diagram. In formulas, this can be expressed as follows:

o1 = Bl-al for <Pl (7)
02 = MB)-o2 for <Pl (%)
03 = w(P)-a3 for p<Pl 9)

Note that the first intensity I1 is maintained constant, and that the second and third lamps 22
and 23 are dimmed by factors A and p which are functions of B, which are chosen such that
MPB1)=P1 and w(P1)=P1 and such that these functions in combination define a line of constant
hue. The precise functions depend, of course, on the original color point. Note that,
depending on the location of the original color point, said factors A and p may be scaled such
that one of these factors is always equal to f3.

In principle, it is possible to continue until the next lamp reaches its minimum
dim level, or until the white point is reached. However, by that time the user may have
noticed that the color has changed. Therefore, in a preferred embodiment, the further
dimming process is stopped before the white point is reached. An end point for the further
dimming process may be defined simply by defining an end value Bpnp<P1: if the dim factor
B reaches this end value Bpnp, further dimming in response to a further lowering of the
system dim factor f is inhibited. In a preferred embodiment, however, an end condition is
defined in terms of saturation: the further dimming is inhibited if the saturation, which will be
indicated by {, has reached a predefined threshold value {t. In a preferred embodiment, r is
chosen to be equal to 0.5.

Said predefined threshold value {1 will be reached for a certain value Bt of the

dim factor B, Bt being lower than 1. Thus, the effective dim range is now from B=1 to B=Pr:

according to the invention, the effective dim range has been extended beyond B1.

Fig. 4 is a graph comparable to Fig. 3, illustrating the extended dimming. The
figure shows that, for Br<B<f1, the intensity I1 of the first lamp 21 is maintained constant,
the intensity I3 of the third lamp 23 is dimmed by the dim factor B, and the intensity 12 of the
second lamp 22 is dimmed by a factor A()<p.

Fig. 5 is a graph comparable to Fig. 1. Triangle 55 having its corners
coinciding with the color points C1, C2, C3 of the three lamps 21, 22, 23 defines the area of

all colors that can be made with these three lamps. A line 50 connects all color points with
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saturation {=0.5. An original color point is indicated at 51, the white point is indicated at W.
A dotted line 52 connecting color point 51 with white point W defines all colors having the
same hue as the color point 51. This dotted line 52 intersects the line 50 at intersection 53.

The solid line 54 indicates the trajectory traveled by the color point of the output light L of
the illumination system 20 when the dim factor B is lowered from B1 to Pt in accordance with

the present invention.

It is noted that in the above reference is made to the white point, indicating
that there is only one white point. Depending on definition, the location of the white point
may vary. Alternatively, it is possible to define a white point and, for the above explanation,
to use a point W in close proximity but not necessarily identical to the defined white point.

It is further noted that the saturation may be defined in relation to the pure
colors of curve 1. This will be indicated by the phrase "absolute saturation”. In such case, a
line 50 connecting all points of 50% absolute saturation would have a shape corresponding to
the shape of curve 1. Such an interpretation of saturation corresponds to one embodiment of
the invention. In the above explanation and in Fig. 5, however, the saturation is defined in
relation to the boundary 55 of the area of all colors that can possibly be made with the
particular lamps 21, 22, 23 of the actual system: this will be indicated by the phrase "relative
saturation". Said boundary 55, which in the case of three lamps is a triangle, corresponds to
100% relative saturation (but less than 100% absolute saturation), and the line 50 connecting
all points of 50% relative saturation has a shape corresponding to the shape of boundary 55,

as shown.

It is noted that the amount of extension offered by the present invention
depends on the location of the original color point. If this color point is close to the said
boundary 55, as shown in Fig. 5, the relative intensity of one of the lamps is relatively low,
and this lamp will reach its minimum dim level relatively early, thus resulting in a relatively
narrow dim range [1; B1]. At the same time, the relative saturation { of the original color
point will be close to 1, and the dim factor B can be lower substantially before reaching Br. If
the original color point already has a relative saturation  close to 0.5, the "original” dim
range [1; B1] will already be relatively wide, and the extension offered by the present
invention will be relatively small. Importantly, to the perception of the user, the effective dim
range [1; Pr] will be more or less the same for colors close to the said boundary 55 and colors

further away from the said boundary 55.
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It should be clear to a person skilled in the art that the present invention is not
limited to the exemplary embodiments discussed above, but that several variations and
modifications are possible within the protective scope of the invention as defined in the
appending claims.

For instance, instead of a predetermined saturation {1 (absolute or relative)

equal to a fixed value such as 50%, a different definition may be used, for instance a curve
(e.g. a circle) around the white point W or a point close to the white point.

Further, application of the invention is not limited to systems having three
light sources: the principles of the present invention also apply in the case of a system with
four or more light sources.

In the above, the present invention has been explained for the problem that the
lamps (or at least one of the lamps) have a lower dim limit: further decreasing the light
intensity of such lamp below its lower dim limit is not possible. However, lamps also have an
upper dim limit: further increasing the light intensity of such lamp above its upper dim limit
is not possible (at least not without damage to the lamp). Usually, this upper dim limit is
somewhat above the nominal light intensity, but usually control is such that the lamps have a
practical upper limit equal to their nominal light intensity, in order to prevent damage. For
such situation, the principles of the invention also apply: the light intensity of this one lamp is
kept constant while the light intensity of all other lamps is increased in such a way that the
hue is kept constant. Since the phrase "dimming" suggests "reducing light intensity", the
phrase "changing light intensity in a certain direction" will be used, wherein the "certain
direction" can be either "increase" or "decrease”. For the case of increasing the light intensity,
it is also possible to define a predetermined threshold saturation value ({1) lower than 100%,
but in practice this is not necessary.

In the above, the present invention has been explained with reference to block
diagrams, which illustrate functional blocks of the device according to the present invention.
It is to be understood that one or more of these functional blocks may be implemented in
hardware, where the function of such functional block is performed by individual hardware
components, but it is also possible that one or more of these functional blocks are
implemented in software, so that the function of such functional block is performed by one or
more program lines of a computer program or a programmable device such as a

microprocessor, microcontroller, digital signal processor, etc.
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CLAIMS:

1. Method for changing light intensity in a certain direction of an illumination
system (20) capable of emitting light (L) with a variable color, the illumination system (20)
comprising at least three dimmable light sources (21, 22, 23) generating respective lights (L1,
L2, L3) having respective, mutually different colors (C1, C2, C3);

the method comprising the step of changing the light intensities (I1, 12, I3) of all dimmable
light sources (21, 22, 23) in said certain direction while maintaining the color point until one
of said light sources (21) reaches a dim limit (Ingqn);

the method being characterized by the step of maintaining the light intensity (I1) of said one
light source (21) at its dim limit (Ingqn) and changing the light intensities (12, I3) of the other
dimmable light sources (22, 23) in the same certain direction in such a manner that the hue is

maintained.

2. Method according to claim 1, wherein the light intensities (12, 13) of the said

other dimmable light sources (22, 23) are changed in said certain direction until the absolute

or relative saturation (§) reaches a predetermined threshold value (Cr).

3. Method according to claim 1, wherein said certain direction is a decrease of

intensity and said predetermined threshold saturation value ({1) is approximately equal to 0.5.

4. [llumination system (20) for generating mixed light (L), comprising at least
three dimmable light sources (21, 22, 23) for generating respective lights (L1, L2, L3) having
respective, mutually different colors (C1, C2, C3), each light source (21, 22, 23) having a
nominal intensity (Inom(1), Inom(2), Inom(3)), at least one of said light sources (21) having
a dim limit (Inqn);

the system further comprising a control system (30) for generating control signals (Scl, Sc2,
Sc3) for controlling the dimmable light sources (21, 22, 23);

the control system (30) having a first input (36) for receiving a first user input signal

(Scorour) defining a color point (51) and having a second input (37) for receiving a second
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user input dim signal (Sppv);
wherein the control system (30) is designed to calculate lamp setting factors (al, a2, a3) on
the basis of the first user input signal (ScoLour);
wherein the control system (30) is designed to calculate a system dim factor (B) on the basis
of the second user input dim signal (Sppv);
wherein the control system (30) is designed to calculate a first dim limit value (1) for which
said one light source (21) reaches its dim limit (Ipn), according to the formula f1 =
Ivmv/ (o1 - Inom(1)),
wherein 1 represents said first dim limit value,
wherein al represents the lamp setting factor for said one light source (21),
wherein Iy represents the dim limit of said one light source (21),
and wherein Inom(1) represents the nominal intensity of said one light source (21);
wherein the control system (30) is designed, as long as the system dim factor (3) has not
reached the first dim limit value (1), to calculate lamp dim factors (81, 62, 63) as the product
of the system dim factor (f3) and the lamp setting factors (al, a2, a3), and to generate its
control signals (Scl, Sc2, Sc3) such that all dimmable light sources (21, 22, 23) are dimmed
by the calculated lamp dim factors (61, 62, d3);
characterized in that:
the control system (30) is designed, if the system dim factor (B) reaches the first dim limit
value (B1), to calculate the lamp dim factor (81) for said one light source (21) as the product
of said first dim limit value (B1) and the first lamp setting factor (a1), and to calculate the
lamp dim factors (62, 3) of the other dimmable light sources (22, 23) such as to change the
intensity of said other dimmable light sources (22, 23) in a certain direction while

maintaining the hue of the mixed light (L).

5. Illumination system according to claim 4, wherein the control system (30) is
designed to continue changing the intensity of said two other dimmable light sources (22, 23)
in said certain direction until the system dim factor (B) reaches a second dim limit value ($2)

where the absolute or relative saturation ({) of the mixed light (L) has a predefined threshold

value ().
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6. Illumination system according to claim 5, wherein said certain direction is a
decrease of intensity and said predefined saturation threshold value ({t) is approximately

equal to 0.5.
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