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Lighting unit

The invention relates to a lighting unit equipped with two light sources of a
different color temperature and an operating circuit comprising
- a supply circuit for supplying currents to the two light sources,
- a control circuit for controlling the currents supplied by the supply circuit, and
- a user interface coupled to the control circuit for adjusting the color of the
generated light at a number of predetermined color settings by means of adjusting the light

outputs of the light sources.

Such a lighting unit is generally known. The light sources can for instance be
fluorescent lamps of a different color temperature. The supply circuit may comprise one or
more (dimmable) lamp ballasts, such as ballasts that supply a high frequency current to the
lamps. Via the control circuit the currents supplied to the light sources are adjusted at a
desired level. The current supplied to a light source determines the light output of the light
source. Different color settings are realized via the user interface by adjusting the ratio of the
light outputs of the two light sources. In this way the color of the light generated by the
lighting unit can be varied over a range. Preferably, the light outputs of the light sources are
chosen so that the total light output of the lighting unit is maintained at the same level, when
the color setting is changed.

The light output of each of the light sources can for instance be controlled by
means of an adjustable digital number present in a memory comprised in the control circuit.
The relation between the light output and the digital number can for instance be exponential
(in case of the DALI standard) or linear (in case of the DMX standard). Subsequent
predetermined color settings can in that case be realized by decreasing the digital number
controlling the light output of one of the light sources by a constant amount and increasing
the digital number controlling the light output of the other light source by the same amount.

A problem associated with this approach is that subsequent predetermined
color settings correspond in part with color points that are perceived by the human eye as

almost identical, and in part with color points that are perceived by a user as very different.
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To a user this is confusing and for this reason, a user cannot easily adjust the color of the

light at a desired color.

The invention aims to provide a lighting unit that enables an untrained user to
adjust the color of the light to a desired color in an easy way.

A lighting unit as mentioned in the opening paragraph is for that purpose
characterized in that the color difference calculated in the CIELAB color space between a
first color point corresponding to a first color setting and the nearest color point
corresponding to a second color setting is the same for any first color point having the same
value of the light output.

When a user of a lighting unit according to the invention adjusts the color of
the light by activating subsequent predetermined color settings (and leaving the total light
output unchanged), the perceived change in color is equal over the entire range wherein the
color can be adjusted. As a consequence even an untrained user can easily find the
predetermined color setting corresponding to the desired color.

Preferably the user interface of a lighting unit according to the invention is
further equipped with means for via the control circuit adjusting the total light output of the
lighting unit at a number of predetermined levels. These levels can be chosen such that the
color difference calculated in the CIELAB space between color points corresponding to the
same color setting and to successive levels of total light output is the same for each level of
the light output.

The user interface can be equipped with a first push button for adjusting the
color of the generated light at the predetermined color setting having the next higher value of
the color temperature at every push and with a second push button for adjusting the color of
the generated light at the predetermined color setting having the next lower value of the color
temperature at every push. The user interface can be further equipped with a third push
button for adjusting the total light output of the lighting unit at the next higher level at every
push and with a fourth push button for adjusting the total light output of the lighting unit at
the next lower level at every push.

Alternatively, the user interface can be equipped with a diamond shaped
surface comprising a number of adjustment points where a user action is possible and
wherein adjacent adjustment points in a first direction correspond to the same level of the

light output and to different color settings and adjacent adjustment points in a second
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direction correspond to the same color setting and different levels of light output. A user
action at an adjustment point activates the corresponding color setting or level of the light
output. The adjustment points can be formed by push buttons. The diamond shaped surface
can alternatively be formed by a touch pad. The user performs a user action by touching the
touch pad in somewhere at its surface. To provide further help to a user, the diamond shaped
surface can be equipped with a mapping of the adjustable colors.

The light sources in a lighting unit according to the invention are preferably

formed by fluorescent lamps.

Embodiments of the invention will be further explained making reference to a
drawing. In the drawing,

Fig. 1 shows an embodiment of a lighting unit according to the present
invention;

Fig. 2 shows an embodiment of a user interface for use in a lighting unit as
shown in Fig. 1, and

Fig. 3 shows a further embodiment of a user interface for use in a lighting unit

as shown in Fig. 1.

In Fig. 1, LA1 and LA2 are fluorescent lamps of a different color temperature
forming two light sources. Circuit part SC1 together with inductor L1 and capacitor C1 form
an electronic lamp driver for supplying a high frequency current to fluorescent lamp LA1.
Circuit part SC2 together with inductor L2 and capacitor C2 form an electronic lamp driver
for supplying a high frequency current to fluorescent lamp LLA2. The two electronic lamp
drivers together form a supply circuit for supplying currents to the two lamps. Respective
output terminals of circuit part CC are connected to an input terminal of circuit part SC1 and
circuit part SC2 respectively. Circuit part CC forms a control circuit for controlling the
currents supplied by the supply circuit. An input terminal of control circuit CC is connected
to an output terminal of circuit part UL Circuit part UI forms a user interface for adjusting the
color of the generated light by means of adjusting the light outputs of the light sources.
Circuit part Ul is equipped with means for adjusting the color of the generated light at a
number of predetermined color settings.

The operation of the lighting unit shown in Fig. 1 is as follows.
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During stationary operation, the supply circuit SC1, SC2 supplies a lamp
current to each of the fluorescent lamps LA1 and LA2. In the embodiment shown in Fig.1,
the light output of each of the fluorescent lamps can for instance be adjusted by adjusting the
frequency of the current supplied to the lamp. In that case, each predetermined color setting
is associated with two frequencies. These frequencies can for instance be stored in a memory.
Circuit part UI can for instance be equipped with a microcontroller. When a user has selected
one of the predetermined color settings, the microcontroller reads the corresponding
frequencies from the memory and adjusts via circuit part CC the frequencies of the lamp
currents at their proper value.

Every predetermined color setting corresponds to a color point in the CIELAB
space. The CIELAB color space is described in detail in literature, e.g. “Principles of color
technology” by R. Berns (2000). The CIELAB space is 3-dimensional and a color point is
thus characterized by two parameters (such as hue and saturation) representing the color and
a third parameter (such as brightness) representing the light level. These three parameters are
the coordinates of the color point. To calculate these coordinates a reference color needs to be
defined. This can for instance be the white color point at maximum light output. The color
difference between two color points can be calculated as the Euclidean norm of the difference
vector between the two color points in this space. The color settings are chosen such that the
color differences between any color point and the color point(s) nearest to it in the CIELAB
space is the same as long as these color points have the same level of light output. The
important advantage of this is that a user can change the color of the light in a number of
steps that are perceived as equidistant. In other words the change in color perceived by the
user is identical for each step. This enables even an inexperienced user to easily find a
desired color of the light.

It is noteworthy that apart from operating frequency, one or more other
operational parameters can be used to adjust the light outputs of the lamps. It is for instance
possible to modulate the amplitude of the lamp current with a square wave shape so that the
amplitude of the current is zero during part of each modulation period and has a constant
value differing from zero during the remaining part of each modulation period. The average
light output of the lamp can be adjusted by adjusting the duty cycle of the modulation.
Similarly, instead of fluorescent lamps, different light sources such as LEDs or HID lamps
can be used.

Circuit part Ul is further equipped with means for via the control circuit CC
adjusting of the light output of the lighting unit at a number of predetermined levels. It is
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remarked that the level of the light output can be adjusted by means of adjusting the same
operational parameters as mentioned here-above for color adjustment, e.g. current
frequencies, duty cycle of the modulations of the lamp currents. The predetermined levels of
light output are chosen such that the color difference calculated in the CIELAB space
between color points corresponding to the same color setting and to successive levels of light
output is the same for each level of the light output. As a consequence, a user adjusting the
light output subsequently at successive levels, perceives a change in light output that is the
same for each level of the light output. It has been found that also this makes it easier for an
inexperienced user to adjust the desired color point.

It is remarked that the color difference calculated in the CIELAB space and
thus the color change perceived by a user between two color settings can differ for different
levels of the light output.

In Fig. 2, B1 to B9 are push buttons arranged in a diamond shape. Each push
button is associated with a color point of the light generated by the lighting unit. Push buttons
that are on the same horizontal line (such as B1, B5 and B9; B3 and B8; B2 and B7)
correspond to color points with same level of light output and thus provide means for
changing the color of the light while the level of the light output remains the same. Similarly,
push buttons that are on the same vertical line (such as B4, BS and B6; B2 and B3; B7 and
B8) correspond to color points with the same color setting but a different level of the light
output. They thus provide means for changing the level of the light output without changing
the color of the light. The color points corresponding to the push buttons can for instance
chosen so that when adjacent push buttons are subsequently pushed moving from left to right,
the color of the light changes from cool to warm, while the light level is increased when
adjacent push buttons are subsequently pushed along the vertical direction. The push buttons
are mapped with colors representing the color points hat can be adjusted. This mapping is
indicated in Fig. 2 by means of different shades of gray.

Figure 3, shows a touch pad that has a diamond shape. A user can adjust a
certain color point by touching the touch pad in a certain place. Also in this case the relation
between the color points corresponding to the different positions on the touch pad can be
chosen so that touch points on a horizontal line correspond to color points with a different
color setting but the same light output level, while touch points on a vertical line correspond
to color points having the same color but a different light level. Also on this touch pad there
is a mapping of colors representing the adjustable color points. This mapping is indicated in

Fig. 3 by means of different shades of gray.
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It be mentioned that other user interfaces can be used comprising a touch
screen, a computer screen together with a mouse for selecting a color setting. The user
interface can be coupled to the control circuit by means of wiring, but the coupling can also
be by means of wireless communication by means of infrared radiation or RF. In the latter
case a mobile phone can be used as the user interface. The touch screen, computer screen or a
screen that is comprised in the mobile phone may be equipped with a color mapping and/or a

diamond shaped surface.
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CLAIMS:

1. A lighting unit equipped with two light sources of a different color
temperature and an operating circuit comprising
- a supply circuit for supplying currents to the two light sources,
- a control circuit for controlling the currents supplied by the supply circuit, and
- a user interface coupled to the control circuit for adjusting the color of the
generated light at a number of predetermined color settings by means of adjusting the light
outputs of the light sources,

characterized in that the color difference calculated in the CIELAB color space
between a first color point corresponding to a first color setting and the nearest color point
corresponding to a second color setting is the same for any first color point having the same

value of the total light output.

2. A lighting unit as claimed in claim 1, wherein the user interface is further
equipped with means for via the control circuit adjusting the total light output of the lighting

unit at a number of predetermined levels.

3. A lighting unit as claimed in claim 2, wherein the color difference calculated
in the CIELAB space between color points corresponding to the same color setting and to

successive levels of total light output is the same for each level of the total light output.

4. A lighting unit as claimed in claim 1, 2 or 3, wherein the user interface is
equipped with a first push button for adjusting the color of the generated light at the
predetermined color setting having the next higher value of the color temperature at every
push and with a second push button for adjusting the color of the generated light at the
predetermined color setting having the next lower value of the color temperature at every

push.

5. A lighting unit as claimed in claim 4, wherein the user interface is equipped

with a third push button for adjusting the total light output of the generated light at the next
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higher level at every push and with a fourth push button for adjusting the total light output of

the generated light at the next lower level at every push.

6. A lighting unit as claimed in claim 1, 2 or 3, wherein the user interface is
equipped with a diamond shaped surface comprising a number of adjustment points where a
user action is possible and wherein adjacent adjustment points in a first direction correspond
to the same level of the total light output and to different color settings and adjacent
adjustment points in a second direction correspond to the same color setting and different

levels of total light output.

7. A lighting unit as claimed in claim 6, wherein the adjustment points are

formed by push buttons.

8. A lighting unit as claimed in claim 6, wherein the diamond shaped surface is

formed by a touch pad.

9. A lighting unit as claimed in claim 6, wherein the diamond shaped surface is

equipped with a mapping of the adjustable colors.

10. An operating circuit for use in a lighting unit according to one or more of the

previous claims.
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