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METHODS, APPARATUS AND ARTICLES OF MANUFACTURE TO
CALIBRATE LIGHTING UNITS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Application is a continuation-in-part of parent application 13/035,329, filed

February 25, 201 1, which is a continuation-in-part of U.S. Patent Application Serial

Number 12/566,146, filed on September 24, 2009, which claims the priority benefit of U.S.

Provisional Application No. 61/099,713, filed September 24, 2008, entitled, "An Aircraft

LED Washlight System and Method for Controlling Same" and U.S. Provisional

Application No. 61/105,506, filed October 15, 2008, entitled, "An Aircraft LED Washlight

System and Method for Controlling Same." The present application claims the priority

benefit of the above-referenced applications, and also claims the priority benefit of U.S.

Provisional Application No. 61/308,171, filed February 25, 2010, entitled "Lighting System

for Vehicle Cabin," U.S. Provisional Application No. 61/320,545, filed April 2, 2010,

entitled "Lighting System for Vehicle Cabin," U.S. Provisional Application No. 61/345,378,

filed May 17, 2010, entitled "Lighting System for Vehicle Cabin," and U.S. Provisional

Application No. 61/546,259, filed October 12, 201 1, entitled "Methods, Apparatus and

Articles of Manufacture to Calibrate Lighting Units." All of the above-referenced

applications are herein incorporated by reference in their entirety.

BACKGROUND

[0002] A lighting unit may be implemented using a plurality of different colored light

sources such as different colored light emitting diodes (LEDs). For example, a lighting unit

may include a white LED, a red LED, a blue LED and a green LED. Because of

manufacturing process variations, the color emitted by a particular LED may differ from its

intended or nominal color. For example, blue LEDs may not all emit the same color or

intensity of blue light. Accordingly, different lighting units may emit different colors of

light given the same control inputs. For example, when controlled to emit green light, a first

lighting unit may emit a blue-tinted green light, while another lighting unit may emit a

red-tinted green light. When a plurality of such lighting units is combined to light a space



such as an airplane cabin, the color of light emitted throughout the cabin may display

unacceptable variation in color or intensity.

[0003] Conventional solutions to overcome these problems include the screening of

light sources (e.g., LEDs) to reduce variability in emitted light color to acceptable

tolerances. However, such screening may result in unacceptable costs and/or manufacturing

yields. Another conventional solution calibrates lighting units to achieve color consistency

for a small number of fixed colors of light. However, such conventional calibration methods

prevent multi-colored lighting units from being used to their fullest potential, and prevent

users from creating customized lighting conditions.

SUMMARY

[0004] Methods, apparatus and articles of manufacture to calibrate lighting units that

overcome at least these problems are disclosed herein. In particular, lighting units calibrated

and operated according to the examples disclosed herein are able to consistently and reliable

generate a gamut of colored light without need to screen light sources.

[0005] Accordingly, a method is provided for calibrating a color LED light unit

comprising at least first-, second-, and third-color LEDs, comprising: a) defining a target

color on a color map to calibrate; b) selecting initial calibration coefficients associated with

the target color; c) storing the initial or updated calibration coefficients in a non-volatile

memory of the light unit; d) controlling the light unit to drive the LEDs to attempt to emit

the target color, producing an attempted color, utilizing the calibration coefficients; e)

measuring the attempted color to determine if it matches the target color within a predefined

tolerance; f) if the attempted color matches the target color, then terminating the method; g)

if the attempted color does not match the target color, then performing the following; h)

selecting a color component; i) adapting at least one calibration coefficient associated with

the selected color component; and j ) performing (c)-(i) again.

[0006] A non-transitory computer program product is also provided, comprising a

computer usable medium having a computer readable program code embodied therein, said

computer readable program code adapted to be executed to implement the method described

above.



[0007] A system for calibrating a color LED light unit is also provided, wherein: the

color LED light unit comprises: at least first-, second-, and third-color LEDs; and a

non-volatile memory; and the system comprises: a) a target defining unit that defines a

target color on a color map to calibrate; b) an assigning unit that selects initial calibration

coefficients associated with the target color and stores the initial or updated calibration

coefficients in the non-volatile memory; c) a controller that controls the light unit to drive

the LEDs to attempt to emit the target color, producing an attempted color, utilizing the

calibration coefficients; d) a sensor that measures the attempted color to determine if it

matches the target color within a predefined tolerance; and e) a selection and adaption unit

configured such that: f if the attempted color matches the target color, then the system

ceases performing calibration; g) if the attempted color does not match the target color, then

a selection unit selects a color component, and an adaption unit adapts at least one

calibration coefficient associated with the selected color component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Features and advantages of this disclosure will become apparent by describing in

detail exemplary embodiments with reference to the attached drawings in which:

FIG. 1 is a schematic illustration of an example apparatus that may be used to

calibrate a lighting unit;

FIG. 2 is a flowchart illustrating an example process that may, for example, be

embodied as machine-readable instructions executed by one or more

processors to implement the example calibrator of FIG. 1; and

FIG. 3 is a chromaticity diagram illustrating an example operation of the example

apparatus of FIG. 1.

FIG. 4 is a chromaticity diagram illustrating an example operation of the example

apparatus of FIG. 1 in which the apparatus spirals in to a centrally located

target point.



FIG. 5 is a chromaticity diagram illustrating an example operation of the example

apparatus of FIG. 1 in which the apparatus zig-zags towards a primary color

point.

DETAILED DESCRIPTION

[0009] Exemplary embodiments will now be described more fully with reference to the

accompanying drawings.

[0010] FIG. 1 is a schematic illustration of an example apparatus 100 that may be used

to calibrate a lighting unit 105. To emit multi-colored light, the example lighting unit 105 of

FIG. 1 includes a plurality of different colored light sources 110-1 12. Example light

sources 110-1 12 include an LED, an organic light emitting diodes (OLED), or the like.

Thus, for instance, the lighting unit 105 may include a white LED, a red LED, a blue LED

and a green LED. The white LED is optional, but can be advantageously, included because

it has a high color rendering index. Furthermore, the invention is not limited to the use of

red, blue, and green LEDs, but rather could incorporate an arbitrary first color, second

color, and third color LED. Other numbers and/or color combinations of light sources may

be used.

[001 1] To generate different colors of emitted light, the lighting unit 105 includes a

controller 115. Based on color control information 120, the example controller 115 turns on

a corresponding combination of the LEDs 110-1 12 at respective intensities. In disclosed

embodiments, the desired color control information 120 represents absolute or relative

amounts of white (W), red (R), blue (B), and green (G). For example, if purple light is

desired, the color control information 120 may represent equal amounts of red and blue,

with the amount of blue and red reflecting the desired color saturation.

[0012] The LEDs and associated measurement sensor(s) 135 may be included in a

calibration chamber that shields the measurement system from external light or other noise.

The chamber can provide the LEDs at predefined distances from the sensor(s) 135 and may

also shield the sensors from direct input from the LEDs (e.g., through translucent or opaque

(for indirect lighting) filters).



[0013] The controller 115 may determine which of the LEDs 110-1 12 to turn on and at

what intensities based on the following mathematical equations:

F(W) ==W - k W (1)

F(R) = (R --k R) + k gG + k bB + k wW (2)

F(B) = (B --kbbB) + Kb R + kbgG + kbwW (3)

F(G) = (G -- kggG) + kg R + kgbB + kgwW (4)

where the coefficients:

are calibration coefficients 125 determined by a calibrator 130;

W, R, B and G collectively represent the desired color 120 to be emitted; and

F(W), F(R), F(B) and F(G) represent the light intensity to be emitted by a white

LED, a red LED, a blue LED and a green LED, respectively.

[0014] The calibration coefficients 125 represent the inter-dependence of the various

colored LEDs in generating a particular desired color 120, and enable the use of one or

more colored LEDs to compensate for a shift in color of another colored LED. For example,

if a pure green color is desired (e.g., R=B=0), the expressions of Eqs. (l)-(4) also result in

the blue LED and the red LEDs being turn on, according the values of kbg and k g,

respectively. In this example, turning on of the red LED and the blue LED, in addition to

the green LED, compensates for the color shift of the green LED. The lighting unit 105

includes any type of non-volatile memory (not shown) to store the calibration coefficients

125.

[0015] The example calibrator 130 of FIG. 1 determines for each particular lighting unit

105 the set of calibration coefficients 125 that calibrates that lighting unit 105 such that the

lighting unit 105 emits substantially the same colored light as other lighting units 105 in



response to identical color control information 120. Because the LEDs 110-1 12 in different

lighting units 105 may have different color shifts, the calibrator 130 may compute a

different set of calibration coefficients 125 for each lighting unit 105.

[0016] The calibrator 130 computes the calibration coefficients 125 during

manufacturing and/or testing of the lighting unit 105, and stores the calibration coefficients

125 in the lighting unit 105 for subsequent use by the controller 115, as described above.

The calibrator 130 may also compute and/or update the calibration coefficients 125 in situ

when an LED 110-1 12 is replaced or to compensate for color shifts that may arise over time

due to, for example, component aging. An example process that may be carried out by the

calibrator 130 to compute the calibration coefficients 125 is described below in connection

with FIG. 2 .

[0017] FIG. 3 is a chromaticity diagram representing a gamut of colors that can be

generated by the lighting unit 105. Worst case LED color shifts can be based on measured

maximum variance values. Considering these worst case LED color shifts, a consistently

realizable color gamut (depicted as triangle 305 in FIG. 3) can be determined, at least within

predefined probabilities (e.g., p=98%, p=99.5%, p=99.99%, which would reflect the

probability that any particular manufactured light unit could realize this color gamut). The

realizable color gamut 305 represents the color gamut that every lighting unit 105 of a

particular design can achieve regardless of the particular color shifts of any of the unit's

LEDs 110-1 12. In other words, the realizable color gamut 305 is a color gamut that can be

consistently achieved (and, thus, guaranteed) across lighting units 105. Vertices of the

triangle 305 represent virtual primary colors. For example, the color corresponding to a

vertex 310 would be generated in response to a request for a fully saturated primary green

color. Because the vertices of the triangle 305 are different from the primary colors, each

color in the color gamut contained inside the triangle 305 contains at least some red, green

and blue.

[0018] Accordingly, the calibrator 130 selects the coefficients 125 such that for any

color supported by the lighting unit 105 (i.e., any color inside the triangle 305), the lighting

unit 105 always emits at least some red light, some green light and some blue light. That is,

the calibrator 130 is configured to ensure that none of the coefficients 125 have a value of



zero. By ensuring that at least some of all three colors are emitted, the calibrator 130

ensures that the light emitted by the lighting units 105 has consistent rendering and

reflections and, thus, is perceived by humans as being consistent from lighting unit 105 to

lighting unit 105. The color gamut 305 can be determined experimentally based on color

shifts measured for a large number of LEDs. This number should be large enough so that

statistically significant determinations of variance and overall population characteristics can

be made with a predefined degree of certainty.

[00 19] To measure or sense the color and intensity of light emitted by the lighting unit

105, the apparatus 100 includes any number and/or type(s) of light sensor(s), one of which

is designated at reference numeral 135. The light sensor 135 provides one or more values

140 representative of the color and intensity of light emitted by the lighting unit 105 to the

calibrator 130 for use in computing the calibration coefficients 125.

[0020] In an embodiment, the controller 115 adjusts the brightness of the LEDs

110-1 12 using pulse-width modulation (PWM) with 1024 different modulation duty cycles,

which can be represented by 10 bits, and 7-bit calibration coefficients 125. However, other

resolutions (e.g., 8, 16, 24 bits, and floating point numbers, etc.) may be used to represent

modulation duty cycles and/or coefficients. Because in Eqs. (1) - (4) the various

contributing colors are multiplied by their associated coefficient 125, colors remain

proportional, which ensures that resultant colors of the emitted light are independent of flux.

As with any calibration method, there is a resolution limit and color contributions become

negligible or disappear altogether as the requested brightness approaches zero, due to

truncation. In real-life situations, such effects are normally not humanly perceptible and are

inherent in any digital system. If a higher resolution is required, a lower starting value for

white can be selected (e.g., 80% versus 90%>), which will add one bit of effective resolution,

but may degrade color rendering.

[0021] The calibrator 130 may be implemented by computer(s) or machine(s) having a

processor, circuit(s), programmable processor(s), fuses, application-specific integrated

circuit(s) (ASIC(s)), programmable logic device(s) (PLD(s)), field-programmable logic

device(s) (FPLD(s)), field-programmable gate array(s) (FPGA(s)), etc. When any

embodiment of this disclosure is interpreted to cover a purely software and/or firmware



implementation, at least one of the weather data servers 125, 126 and 140 is expressly

defined to include a tangible article of manufacture such as a tangible computer-readable

storage medium storing machine-readable instructions such as the firmware and/or

software.

[0022] FIG. 2 is a flowchart of an example process that may, for example, be

implemented as instructions carried out by one or more processors to implement the

example calibrator 130. The example process of FIG. 2 may be embodied in program code

and/or computer-readable instructions stored on a tangible machine-readable medium

accessible by a processor, a computer and/or other machine having a processor.

Computer-readable instructions comprise, for example, instructions that cause a processor, a

computer and/or a machine having a processor to perform one or more particular processes.

Alternatively, some or all of the example process may be implemented using any

combination of fuses, ASIC(s), PLD(s), FPLD(s), FPGA(s), discrete logic, hardware,

firmware, or any combination thereof.

[0023] The example process of FIG. 2 begins with the calibrator 130 selecting a color to

calibrate (block 205). In an example shown in FIG. 4, the calibrator 130 calibrates a white

color and, in the example shown in FIG. 5, the calibrator 130 calibrates the virtual primary

color 305 of FIG. 3 . The calibrator 130 selects initial calibration coefficients 125 associated

with selected color (block 210). For the example of FIG. 4, the calibrator 130 selects initial

values for k , k w, kgw, and k bw and, for the example of FIG. 5, the calibrator 130 selects

initial values for kgg, kgb and kgr. The calibrator 130 selects the initial coefficient values to

represent particular default percentages that ensures that each calibrated color includes color

emitted by each colored LED of the lighting unit 105. The default percentages can be

determined experimentally based on color shifts measured for a large number of LEDs and

the statistical variances associated with those measurements —the color shifts and associated

percentages and variances may vary from LED manufacturer to LED manufacturer.

[0024] The calibrator 130 updates the coefficients 125 in the lighting unit 105 (block

215), and controls the lighting unit 105 to emit the color being calibrated (block 220). The

light sensor 135 measures the light emitted by the lighting unit 105 (block 225). In the

example of FIG. 4, the light emitted by the lighting unit 105 is directed towards a central



target point 405 and in the example of FIG. 5, the light emitted by the lighting unit 105 is

directed toward a primary color target point 505.

[0025] If the light currently being emitted by the lighting unit 105 is not suitably close

(suitably close being defined by some relatively objective criteria, e.g., based on the limits

of human visual perception, and possibly defined in terms of MacAdam Ellipses or other

form of objective measurement) to the desired color (block 230), the calibrator 130 selects a

first color component to adjust (block 235). In the example of FIG. 4, the calibrator 130

selects the red component and, in the example of FIG. 5, selects the blue component.

[0026] The calibrator 130 adjusts the coefficient 125 associated with the selected color

component to adjust the emitted light to be closer to the desired color (block 240). In the

example of FIG. 4, the coefficient k is increased and, in the example of FIG. 5, the

coefficient kgb is increased. Control then returns to block 215 to update the lighting unit 105

and re-measure the light being emitted. This process continues until acceptable calibration

is achieved (block 230). As shown in FIG. 4, the calibration adaptively spirals toward the

desired color 410. The reason for the spiral shape is to provide an organized sequence of

operations in order to converge on the desired color point. Stepping in smaller and smaller

increments (using less and less of each color) in each separate color generates a spiral

inward towards the target color and creates a spiral path to the target color point. Use of this

algorithm removes a need for more complex algorithms or error corrections due to an

overshoot.

[0027] In FIG. 5, the calibration adaptively moves in a winding path. The winding path

is due to the fact that the system is converging on a point with only two other colors, and so

it goes back and forth between the two colors toward the desired color.

[0028] When acceptable calibration for the selected color is achieved (block 230), the

calibrator 130 determines whether other colors remain to be calibrated (block 245). For

example, after calibrating white as shown in FIG. 4, green may be calibrated as shown in

FIG. 5 . If another color need to be calibrated (block 245), control returns to block 205 to

calibrate the next color. When all colors have been calibrated (block 245), color exits from

the example process of FIG. 2 .



[0029] Once the lighting unit 105 has been calibrated, it can be installed in a vehicle

adjacent to other similarly calibrated lighting units. Commands subsequently issued to the

lighting units 105 to produce a particular color are interpreted utilizing their respective

calibration coefficients 125. Although the LEDs of the lighting units 105 vary, by driving

the LED units differently in the different lighting units 105 based on the calibration

coefficients 125 stored within the unit, a consistent color and luminosity can be output.

[0030] The embodiments disclosed herein may include a tangible computer-readable

storage medium for storing program data, a processor for executing the program data to

implement the methods and apparatus disclosed herein, a communications port for handling

communications with other devices, and user interface devices such as a display, a

keyboard, a mouse, a display, etc. When software modules are involved, these software

modules may be stored as program instructions or computer-readable codes, which are

executable by the processor, on the tangible computer-readable storage medium.

[003 1] As used herein, the terms "tangible computer-readable storage medium" and

"non-transitory computer-readable storage medium" are defined to expressly exclude

propagating signals and to exclude any computer-readable media on which signals may be

propagated. However, a computer-readable storage medium may include internal signal

traces, cables, wires and/or internal signal paths carrying signals thereon. Example tangible

and/or non-transitory computer-readable medium may be volatile and/or non-volatile, and

may include a memory, a memory device, a compact disc (CD), a digital versatile disc

(DVD), a floppy disk, a read-only memory (ROM), a random-access memory (RAM), a

programmable ROM (PROM), an electronically-programmable ROM (EPROM), an

electronically-erasable PROM (EEPROM), an optical storage device, a magnetic storage

device and/or any other device in which information is stored for any duration (e.g., for

extended time periods, permanently, during buffering, and/or during caching) and which

can be accessed by a processor, a computer and/or other machine having a processor. The

computer-readable storage medium can also be distributed over network-coupled computer

systems (e.g., be a network-attached storage device, a server-based storage device, and/or a

shared network storage device) so that computer-readable code may be stored and executed



in a distributed fashion. Such a media can be read by a computer, instructions thereon stored

in a memory, and executed by a processor.

[0032] Any references, including publications, patent applications, and patents cited

herein are hereby incorporated by reference to the same extent as if each reference were

individually and specifically indicated to be incorporated by reference and were set forth in

its entirety herein.

[0033] For the purposes of promoting an understanding of the principles of the

disclosure, reference has been made to the embodiments illustrated in the drawings, and

specific language has been used to describe these embodiments. However, no limitation of

the scope of this disclosure is intended by this specific language, and this disclosure should

be construed to encompass all embodiments that would normally occur to one of ordinary

skill in the art in view of this disclosure.

[0034] Disclosed embodiments may be described in terms of functional block

components and various processing steps. Such functional blocks may be realized by any

number of hardware and/or software components configured to perform the specified

functions. For example, disclosed embodiments may employ various integrated circuit

components, e.g., memory elements, processing elements, logic elements, look-up tables,

and the like, which may carry out a variety of functions under the control of one or more

microprocessors or other control devices. Similarly, where disclosed elements are

implemented using software programming, the disclosed software elements may be

implemented with any programming or scripting language such as C, C++, Java, assembler,

or the like, with the various algorithms being implemented with any combination of data

structures, objects, processes, routines or other programming elements. Functional aspects

may be implemented in algorithms that execute on one or more processors. Furthermore,

the disclosed embodiments can employ any number of conventional techniques for

electronics configuration, signal processing and/or control, data processing, and the like.

The words "mechanism" and "element" are used broadly and are not limited to mechanical

or physical embodiments, but can include software routines in conjunction with processors,

etc.



[0035] The particular implementations shown and described herein are illustrative

examples and are not intended to otherwise limit the scope of this disclosure in any way.

For the sake of clarity, conventional electronics, control systems, software development and

other functional aspects of the systems (and components of the individual operating

components of the systems) may not be shown in the figures or described in detail.

Furthermore, the connecting lines, or connectors shown in the various figures presented are

intended to represent exemplary functional relationships and/or physical or logical

couplings between the various elements. It should be noted that many alternative or

additional functional relationships, physical connections or logical connections may be

present in a practical device. Moreover, no item or component is essential to the practice of

the disclosed embodiments unless the element is specifically described as "essential" or

"critical".

[0036] The use of the terms "a" and "an" and "the" and similar references in the context

of describing examples are to be construed to cover both the singular and the plural.

Furthermore, any recitation of ranges of values herein are merely intended to serve as a

shorthand method of referring individually to each separate value falling within the range,

unless otherwise indicated herein, and each separate value is incorporated into the

specification as if it were individually recited herein. The steps of all methods described

herein can be performed in any suitable order unless otherwise indicated herein or otherwise

clearly contradicted by context. Moreover, one or more of the blocks and/or interactions

described may be changed, eliminated, sub-divided, or combined; or any or all of the

process may be carried out sequentially and/or carried out in parallel by, for example,

separate processing threads, processors, devices, discrete logic, circuits, etc. The use of any

and all examples, or exemplary language (e.g., "such as" or "for example") provided herein,

is intended merely to better illuminate aspects of the disclosure and does not pose a

limitation on the scope of this disclosure unless otherwise claimed. Numerous modifications

and adaptations will be readily apparent to those skilled in this art without departing from

the spirit and scope of the disclosure.

[0037] While methods, apparatus and articles of manufacture to calibrate lighting units

have been particularly shown and described with reference to exemplary embodiments



thereof, it will be understood by those of ordinary skill in the art that various changes in

form and details may be made therein without departing from the spirit and scope of this

disclosure.



WHAT IS CLAIMED IS:

1. A method for calibrating a color LED light unit comprising at least first-, second-, and

third-color LEDs, comprising:

a) defining a target color on a color map to calibrate;

b) selecting initial calibration coefficients associated with the target color;

c) storing the initial or updated calibration coefficients in a non-volatile memory of

the light unit;

d) controlling the light unit to drive the LEDs to attempt to emit the target color,

producing an attempted color, utilizing the calibration coefficients;

e) measuring the attempted color to determine if it matches the target color within a

predefined tolerance;

f ) if the attempted color matches the target color, then terminating the method;

g) if the attempted color does not match the target color, then performing the

following;

h) selecting a color component;

i) adapting at least one calibration coefficient associated with the selected color

component; and

j ) performing (c)-(i) again.

2 . The method according to claim 1, wherein the first color is red, the second color is blue,

and the third color is green.

3 . The method according to claim 2, wherein the LED light unit further comprises a white

LED.



4 . The method according to claim 3, wherein the controller determines which of the LEDs

to turn on and at what intensities based on the following mathematical equations:

F(W) ==W - k W (1)

F(R) = (R --k R) + k gG + k bB + k wW (2)

F(B) = (B --kbbB) + Kb R + kbgG + kbwW (3)

F(G) = (G -- kggG) + kg R + kgbB + kgwW (4)

where the coefficients:

are calibration coefficients determined by a calibrator and represent the

inter-dependence of the various colored LEDs in generating a particular

desired color;

W, R, B and G collectively represent the desired color to be emitted; and

F(W), F(R), F(B) and F(G) represent the light intensity to be emitted by a white

LED, a red LED, a blue LED and a green LED, respectively.

5 . The method according to claim 1, wherein the controlling of the light unit is performed

using variations in a pulse width in a pulse-width-modulated (PWM) signal.

6 . The method according to claim 5, wherein the variations comprise at least 1024 different

values.

7 . The method according to claim 1, wherein the calibration coefficients are represented by

7-, 8-, 16-, or 24-bit values.



8. The method according to claim 1, wherein the determining a color match comprises:

matching to a level that is indistinguishable to the human eye.

9 . The method according to claim 1, wherein the determining a color match comprises:

matching to a predefined multiplier of a MacAdam Ellipse.

10. The method according to claim 1, further comprising:

performing (a)-(j) for one or more additional target colors.

11. The method according to claim 10, wherein at least three colors are used as target

colors, and the three colors define a color gamut as three points of vertices of a triangle.

12. The method according to claim 11, further comprising:

measuring a statistically significant plurality of each color class LED;

determining a variance for each color class LED;

defining a worst case color gamut within a predetermined probability; and

defined the tree points to specifically bound the worst case color gamut.

13. The method according to claim 11, wherein the vertices represent virtual primary colors.

14. The method according to claim 13, wherein the vertices require driving of the red,

green, and blue LEDs with non-zero values.

15. A system for calibrating a color LED light unit, wherein:



the color LED light unit comprises:

at least first-, second-, and third-color LEDs; and

a non-volatile memory; and

the system comprises:

a) a target defining unit that defines a target color on a color map to

calibrate;

b) an assigning unit that selects initial calibration coefficients associated with

the target color and stores the initial or updated calibration

coefficients in the non-volatile memory;

c) a controller that controls the light unit to drive the LEDs to attempt to emit

the target color, producing an attempted color, utilizing the

calibration coefficients;

d) a sensor that measures the attempted color to determine if it matches the

target color within a predefined tolerance; and

e) a selection and adaption unit configured such that:

f) if the attempted color matches the target color, then the system

ceases performing calibration;

g) if the attempted color does not match the target color, then a

selection unit selects a color component, and an adaption unit

adapts at least one calibration coefficient associated with the

selected color component.

16. A non-transitory computer program product, comprising a computer usable medium

having a computer readable program code embodied therein, said computer readable

program code adapted to be executed to implement the method according to claim 1.
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