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ABSTRACT 

Providing color management includes receiving measure 
ments of the intensity of colors. A light source generates 
light beams to yield the colors, Where the light beams are 
generated in accordance to image data to create an image. A 
target color value is established. A duty cycle sequence 
operable to control the light source is selected in accordance 
With the measurements and the target color value. Current 
levels for currents provided to the light source are selected 
in accordance With the duty cycle sequence and the target 
color value. 
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MANAGING THE COLOR TEMPERATURE FOR A 
LIGHT SOURCE ARRAY 

TECHNICAL FIELD 

[0001] This invention relates generally to the ?eld of 
image generation and more speci?cally to managing the 
color temperature for a light source array. 

BACKGROUND 

[0002] Light processing systems often involve directing 
light toWards a display such that an image is produced. One 
Way of effecting such an image is through the use of digital 
micromirror devices (DMD) available from Texas Instru 
ments. In general, light is shined on a DMD array having 
numerous micromirrors. Each micromirror is selectively 
controlled to re?ect the light toWards a particular portion of 
a display, such as a pixel. The angle of a micromirror can be 
changed to sWitch a pixel to an “on” or “o?‘” state. The 
micromirrors can maintain their on or off state for controlled 
display times. 

[0003] The light provided to a DMD array may be gen 
erated by a light-emitting diode (LED) array. The current 
to-lumens output of an LED array may change in response 
to temperature and as a result of device aging. Accordingly, 
the color temperature may be managed. Known techniques 
for managing the color temperature, hoWever, are not sat 
isfactory in certain situations. It is generally desirable to 
have a satisfactory management of the color temperature in 
certain situations. 

SUMMARY OF THE DISCLOSURE 

[0004] In accordance With the present invention, disad 
vantages and problems associated With previous techniques 
for managing color temperature may be reduced or elimi 
nated. 

[0005] According to one embodiment of the present inven 
tion, providing color management includes receiving mea 
surements of the intensity of colors. A light source generates 
light beams to yield the colors, Where the light beams are 
generated in accordance to image data to create an image. A 
target color value is established. A duty cycle sequence 
operable to control the light source is selected in accordance 
With the measurements and the target color value. Current 
levels for currents provided to the light source are selected 
in accordance With the duty cycle sequence and the target 
color value. 

[0006] Certain embodiments of the invention may provide 
one or more technical advantages. A technical advantage of 
one embodiment may be that current levels and duty cycle 
sequences provided to a light source array are synchroniZed 
in order to manage the color temperature or xy location of 
the array. The color management may yield an appropriate 
color temperature or xy location While optimiZing the 
lumens output of the light source array. 

[0007] Certain embodiments of the invention may include 
none, some, or all of the above technical advantages. One or 
more other technical advantages may be readily apparent to 
one skilled in the art from the ?gures, descriptions, and 
claims included herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] For a more complete understanding of the present 
invention and its features and advantages, reference is noW 
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made to the folloWing description, taken in conjunction With 
the accompanying draWings, in Which: 

[0009] FIG. 1 is a block diagram illustrating one embodi 
ment of a system for providing color management for a light 
source array; and 

[0010] FIG. 2 is a ?owchart illustrating one embodiment 
of a method for providing color management for a light 
source array. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0011] Embodiments of the present invention and its 
advantages are best understood by referring to FIGS. 1 and 
2 of the draWings, like numerals being used for like and 
corresponding parts of the various draWings. 

[0012] FIG. 1 is a block diagram illustrating one embodi 
ment of a system 10 for providing color management for a 
light source array. According to the embodiment, system 10 
may synchroniZe current levels and duty cycle sequences in 
order to manage the color temperature or xy location of a 
light source array. 

[0013] In general, the current level of a current provided 
to a light source array may be controlled to provide color 
management. The range in Which the current level adjust 
ment can provide appropriate color management, hoWever, 
is limited. Moreover, duty cycle sequences that control the 
duty cycle for colors may also be used for color manage 
ment. Typically, only a certain number of sequences are 
available, hoWever, and sWitching abruptly from one 
sequence to another sequence may yield a discontinuity. 

[0014] According to one embodiment, system 10 coordi 
nates duty cycle control and current level control. Duty cycle 
sequences may be selected in order to provide a coarse 
adjustment. A sequence may be selected to maintain a 
current level in the range in Which appropriate color man 
agement adjustment may be provided. Once in the range, the 
current level may be adjusted to provide a ?ne adjustment. 

[0015] According to the illustrated embodiment, system 
10 includes a data processing unit 20, a color manager 24, 
an internal sensor 28, and a projector 36, Which includes a 
light source driver 44, a light source 48, and a spatial 
modulator 52. Projector 36 projects an image on a screen 40, 
and external sensor 28 detects the image. In general, color 
manager 24 uses image data and control information from 
data processing unit 20 and measurements from internal 
sensor 28 and external sensor 42 to provide color manage 
ment for projector 36. Image data may refer to data that is 
used to generate an image on screen 40. Control information 
may refer to instructions that are used to control components 
of system 10 to process the image data. As an example, a 
duty cycle sequence controls When and hoW light beams are 
provided to spatial modulator 52. The sequence may also 
control When and Which elements of a light source 48 are 
turned on and o?‘. 

[0016] System 10 controls the projection of colors on 
screen 40 to generate an image. Colors may be de?ned as 
(x,y) points of the International Commission on Illumination 
(CIE) chromaticity diagram. Primary colors are colors With 
a controllable intensity. Any suitable primaries may be used. 
As an example, primaries may include red, green, blue, 
yelloW, cyan, magenta, other primary, or any suitable com 
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bination of the preceding. One or more light elements of 
light source 48 may be used to generate a primary. 

[0017] Primaries may be combined With speci?c intensi 
ties to yield a combined color. The (x,y) point of the 
combined color may be calculated from the (x,y) points and 
the intensity of the primaries. Changing the average inten 
sity of the primaries may yield a combined color at a 
different (x,y) point. 

[0018] The average intensity of the primaries may be 
changed by adjusting the display time, intensity, or both 
display time and intensity of a primary. According to one 
embodiment, light source 48 comprises an LED array. The 
amount of time may be controlled by adjusting the duty 
cycle sequence of an LED or by adjusting the image data. 
The intensity may be controlled by adjusting the current 
level of the current provided to the LED and the number of 
active LEDs. 

[0019] According to the illustrated embodiment, data pro 
cessing unit 20 may provide image data and control infor 
mation to other components of system 10. As an example, 
data processing unit 20 may provide timing signals and user 
controls to color manager 24. Data processing unit 20 may 
also provide duty cycle sequences selected by color manager 
24 to light source driver 44. 

[0020] Color manager 24 provides color management for 
system 10. Color manager 24 may send control information 
to other components to provide color management. As an 
example, color manager 24 may provide current control 
information to light source driver 44 that instructs light 
source driver 44 to provide light source 48 With the selected 
current levels. Color manager 24 may also provide sequence 
control information to data processing unit 20. The sequence 
control information may include selected duty cycle 
sequences for light source driver 44. Color manager 24 may 
use any suitable method to provide color management. An 
example method is described With reference to FIG. 2. 

[0021] Internal sensor 28 measures lumens output by the 
primaries. lntemal sensor 28 may include any suitable 
number of detectors, for example, three or more detectors, 
each With a ?lter to restrict the measured Wavelength. The 
?lter characteristics may overlap to alloW for Wavelength 
determination based upon the measurements. 

[0022] Internal sensor 28 may be placed in any suitable 
location of system 10. As an example, internal sensor 28 
may be placed in the light path betWeen light source 48 and 
spatial modulator 52. As another example, internal sensor 28 
may be placed in the off-state light betWeen spatial modu 
lator 52 and screen 40. 

[0023] Internal sensor 28 may provide sets of measure 
ments. A ?rst set of measurements may be taken under the 
same conditions as the calibration data. These measurements 
may be used to alloW a correction process to track the 
performance of the output of the LED array. A second set of 
measurements may be taken under varying current levels, 
for example, any suitable levels betWeen a maximum LED 
current level and a minimum LED current level. The mea 
surements may be recorded in a table that may be updated. 
A third set of measurements may be taken at full poWer to 
measure individual LED strings. The measurements may be 
used to detect a failure of an LED string. If the lumens 
output for a string is beloW an acceptable level, the string 
may be disabled. 
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[0024] Projector 36 directs light toWards screen 40 to 
generate an image. Projector 36 may comprise any suitable 
components or combination of components for directing 
light toWards screen 40. According to the illustrated embodi 
ment, projector 36 may comprise a light source driver 44, a 
light source 48, and a spatial modulator 52. 

[0025] Light source driver 44 receives image data and 
control information, and instructs light source 48 to emit 
light beams toWards spatial modulator 52 in accordance With 
the image data and control information. A “light beam” may 
refer to a beam of light radiation, and may comprise a laser 
beam. Example light sources may include semiconductor 
lasers, light-emitting diodes (LEDs), injection laser diodes 
(lLDs), vertical cavity surface emitting diodes (V CSELs), 
an array of light sources, lasers, or any other suitable source 
that emits light beams. According to one embodiment, light 
source 48 may comprise an LED array, that includes strings 
of one or more LEDs. The strings may be driven at a 
common current level or different current levels. 

[0026] Spatial modulator 52 spatially modulates light 
received from light source 48, and directs the spatially 
modulated light beams to screen 40. Spatial modulator 52 
may comprise any device capable of selectively communi 
cating at least some light beams to screen 40. Data process 
ing unit 20 may be operable to con?gure and program spatial 
modulator 52 to process analog signals With digital preci 
sion. 

[0027] According to one embodiment, the modulator com 
prises a digital micromirror device (DMD). A DMD may 
refer to a digital form of a spatial light modulator that 
comprises an electromechanical device including a pixel 
array. The pixel array may comprise an array, such as a 
768><l024 array, of digital tilting mirrors or baseline binary 
pixels or mirrors. Abinary mirror may tilt by a plus or minus 
angle of, for example, 10 or 12 degrees, for active “on” or 
“o?‘” positions. A mirror may include an actuator that 
permits the mirror to tilt. An actuator may comprise hinges 
mounted on support posts over underlying control circuitry. 
The control circuitry provides electrostatic forces that cause 
each mirror to selectively tilt. 

[0028] External sensor 42 measures the intensity of light 
after the light beams travel a complete optical path. A 
complete optical path may include screen 40 and a path 
betWeen screen 40 and a vieWer. External sensor 42 may 
include any suitable number of detectors, for example, three 
or more detectors. 

[0029] One or more components of system 10 may include 
appropriate input devices, output devices, mass storage 
media, processors, memory, or other components for receiv 
ing, processing, storing, or communicating information 
according to the operation of system 10. As an example, one 
or more components of system 10 may include logic, an 
interface, memory, other component, or any suitable com 
bination of the preceding. “Logic” may refer to hardWare, 
softWare, other logic, or any suitable combination of the 
preceding. Certain logic may manage the operation of a 
device, and may comprise, for example, a ?eld program 
mable gate array (FPGA) or a digital signal processor (DSP). 
“Processor” may refer to any suitable device operable to 
execute instructions and manipulate data to perform opera 
tions. 

[0030] “Interface” may refer to logic of a device operable 
to receive input for the device, send output from the device, 
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perform suitable processing of the input or output or both, or 
any combination of the preceding, and may comprise one or 
more ports, conversion software, or both. “Memory” may 
refer to logic operable to store and facilitate retrieval of 
information, and may comprise Random Access Memory 
(RAM), Read Only Memory (ROM), a magnetic drive, a 
disk drive, a Compact Disk (CD) drive, a Digital Video Disk 
(DVD) drive, removable media storage, any other suitable 
data storage medium, or a combination of any of the 
preceding. 
[0031] Modi?cations, additions, or omissions may be 
made to system 10 Without departing from the scope of the 
invention. The components of system 10 may be integrated 
or separated according to particular needs. Moreover, the 
operations of system 10 may be performed by more, feWer, 
or other modules. For example, the operations of light 
source driver 44 and light source 48 may be performed by 
one module, or the operations of color manager 24 may be 
performed by more than one module. As used in this 
document, “each” refers to each member of a set or each 
member of a subset of a set. 

[0032] FIG. 2 is a ?owchart illustrating one embodiment 
of a method for providing color management for a light 
source array. The method may be used to determine duty 
cycle sequences that may maintain current levels in a 
particular range, and to determine the current levels that may 
provide color management. The method may also be used to 
alter an identity matrix that may adjust video data to provide 
color management. According to the embodiment, the light 
source is assumed to comprise stable LEDs. 

[0033] According to the embodiment, internal and exter 
nal measurements may be taken simultaneously as an aver 
age of a number of sample measurements. Internal measure 
ments may be designated using ABC values, and external 
measurements may be designated using XYZ values. Duty 
cycle sequences may be designated using RGB values. In the 
example, “[]” represents matrix operations, and “( )” repre 
sents element by element operations. Also, “DEFGH” rep 
resents DGH, EGH, and FGH. 
[0034] The method begins at step 100, Where calibration is 
performed. During calibration, internal measurements are 
correlated With external measurements. Any suitable param 
eters may be calibrated. As an example, the duty cycle 
sequences RGBDccal may be calibrated. As another example, 
full color parameters may be calibrated. Full color param 
eters may include red, green, and blue full color parameters, 
Which may each include external xyY parameters and inter 
nal ABC parameters. Red full color parameters may include 
external parameters xyYreal and internal parameters ABCrcal; 
green full color parameters may include external parameters 
xyYgoal and internal parameters ABCgcal; and blue full color 
parameters may include external parameters xyYbcal and 
internal parameters ABCbcal. 
[0035] Inputs are received at step 104. Inputs may include 
target White point values XYZWP for each White point. Inputs 
may also include information about the system, for example, 
available duty cycle sequences and real time duty cycle 
sequences RGBDcrt System information may also include a 
real time current lookup table (LUT) that associates values 
ABCXC, x=r, g, and b to current levels. System information 
may also include real time red, green, and blue peak param 
eters ABCm, x=r, g, and b measured at the maximum current 
level. 
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[0036] Inputs may also include a p7 matrix. A p7 matrix 
may be used to adjust the image data in an enhanced color 
correction technique. An example p7 matrix is described in 
Us. Pat. No. 6,594,387, Which is hereby incorporated by 
reference. A p7 matrix may be de?ned according to Equation 
(1)1 

(1) 

[0037] The method generates output, Which may include a 
next duty cycle sequence RGBSeq, next current levels RGBC, 
and a next p7 matrix that may provide color management. 

[0038] Matrices are accessed at step 108. The matrices 
may include an external system matrix and an internal 
system matrix that may be used to generate a full system 
matrix. The external system matrix may be given by Equa 
tion (2): 

X, X, Xb (2) 

Where: 

Xwcal = Xrcal + Xgcal + Xbcal 

Ywcal = Yrcal + Ygcal + Ybcal 

Zwcal = Zrcal + Zgcal + Zbcal 

k; xrcal xgcal Xbml T ywml 

ky = yrcal ygcal ybcal * 1 

k1 Zrcal Zgcal Zbcal (Zwwl ) 
Ywcal 

Xr Xg Xb xrcal xgcal Xbml kX O 0 

Yr Yg Yb = yrcal ygcal ybcal * 0 ky 0 

Zr Zg Zb Zrcal Zgcal Zbcal 0 0 k1 

[0039] The internal system matrix may be given by Equa 
tion (3): 

A, A8 Ab (3) 

B, B8 Bb 

C, Cg Cb 

Where: 

Awcal = Areal + Agcal + Abcal 
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-continued 
Bwcal = Brcal + Bgcal + Bbcal 

Cwcal = Crcal + Cgcal + Cbcal 

[AM/cal ] Bwcal kg areal agcal abcal T 

kb = brcal bgcal bbcal * l 

kc Crcal Cgcal Cbcal (CW1!) 
Bwcal 

Ar Ag Ab areal agcal abcal kg 0 0 

Br Bx Bb = brcal bgcal bbcal * 0 kb 0 

Cr Cg Cb Crcal Cgcal Cbcal O O kc 

and 

Ci 

[0040] The internal system matrix and the inverse of the 
external system matrix may be multiplied together to create 
the full system matrix according to Equation (4): 

1, 1, 1,, A, A, Ab X, XX Xb *1 (4) 

1,18 Jb=B,BgBb*Y,YgYb 
K, K, Kb c, C, c, Z, Z, Zb 

[0041] The external and internal Values are scaled at step 
112. The external sensor can detect changes in the duty 
cycles, Whereas the internal sensor cannot detect such 
changes. Accordingly, external Values, such as the target 
White point Values XYZWP, may be scaled by the calibration 
duty cycles. Scaling factors XYZsfactor for White point Values 
XYZ may be calculated according to Equation (5): 

X’ XX Xb (RDCcal) (5) 

Yr Yg Yb * (GDCcal) 
Xsfactor 

Z, Z, Z, (30cm!) 
Ysfactor = X I 

Wm 

Zsfzctor ( ywcal ) 
l 

(ZWI) Ywcal 

[0042] Scaled White point Values XYZScaledlwp may be 
calculated according to Equation (6): 

Xscaledwp Xwp Xsfactor (6) 
Yscaledwp = Ywp * Ysfactor 

Zscaledwp Zwp Zsfactor 
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[0043] Steps 116 and 120 are performed to select duty 
cycle sequences. The difference RGBO/odiffl betWeen target 
White point Values ABCWP and real time White point Values 
ABCrt is calculated at step 116. The difference may be 
calculated in any suitable manner. According to one embodi 

ment, the target White point Values ABCWP may be deter 
mined by calculating the ABC Values for White When the 
target White point is achieved, and may be calculated accord 
ing to Equation (7): 

A W 1, 1;, 1b X scaledwp (7) 

Bwp : J r J 8 J b * Yscaledwp 

Cwp K r K 8 Kb Zscaledwp 

[0044] The Values ABCWP may be normaliZed so that they 
can be compared to other ABC Values, and may be normal 
iZed according to Equations (8) to yield normaliZed target 
White point Values nABCWp: 

[0045] The real time White point Values ABCWrt may be 
calculated according to Equation (9): 

AW” Am Agrt Abrt RDCH (9) 

Bwrt = Brrt Bgrt Bbrt * GDCrt 

Cwrt Cm Cgrt Cbrt BD C r! 

[0046] The Values ABCWrt may be normalized according 
to Equations (10) to yield normaliZed real time White point 
Values nABCWn: 

Awn + Bwrt + Cwrt 

[0047] The percent di?‘erences RGBO/odi?rl betWeen the 
normaliZed target White point Values ABCWP and the nor 
maliZed real time White point Values ABCWrt may be calcu 
lated according to Equation (11): 
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[0048] Duty cycles that correspond to the difference are 
established at step 120. The duty cycles may be established 
in any suitable manner. According to one embodiment, next 
duty cycles RGBDC may be determined according to Equa 
tion (12): 

[0049] The duty cycles may be normalized according to 
Equations (13) to yield normaliZed duty cycles nRGBDC: 

R 13 
nRDC = $ *100 ( ) 

RDC + Gnc + BDC 

G 
nGDC = L * 100 

RDC + Gnc + BDC 

B 
"BBC = $ *100 

RDC + Gnc + BDC 

An available sequence RGBSeq With duty cycles that are 
closest to normaliZed next duty cycles nRGBDC may be 
selected. 

[0050] Steps 124 and 128 are performed to select current 
levels. The percent differences RGBO/odlifm betWeen the target 
White point values nABCWp and internal White point values 
nABCWseq at the selected sequence is calculated at step 124. 
Internal White point values ABC may be calculated 
according to Equation (14): 

Wseq 

Awseq Arr! Agrt Abrt Rseq (14) 

Bwseq = Bm Bgrt Bbn * Gseq 

Cwseq Cm Cgrt Cbrt Bseq 

[0051] The internal White point values ABCWseq may be 
normalized according to Equations (15) to yield normaliZed 
internal White point values nABC 

nA _ Am, (15) 
W" Am; + Bmq + Cm, 

Bwseq 
nBWSEq : i 

Awseq + Bwseq + Cwseq 
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-continued 
Cwseq 

nCWSEq : i 

Awseq + Bwseq + Cwseq 

[0052] The difference RGBO/odli?z may be calculated 
according to Equation (16): 

[0053] The difference RGBO/odlifm may be normaliZed such 
that the maximum percent difference is one, and may be 
normaliZed according to Equation (17) to yield normaliZed 
difference nRGBo/odim: 

[0054] The current level that corresponds to the difference 
RGBO/odlifm is determined at step 128. The current level may 
be determined in any suitable manner. According to one 

embodiment, the red, green, and blue real time internal 
sensor ABC values may be scaled by percent differences 
RGB _ according to Equation (18) to yield scaled values 

‘Vodi?Z 

ABCxscaleds X=rs g: and b: 

[0055] Current levels corresponding to the difference are 
established at step 128. The current levels may be estab 
lished by interpolating the current lookup table to determine 
interpolated current levels iRGBC corresponding to the 
scaled values ABCxscaled. Current levels RGBC closest to the 
interpolated current levels iRGBC may be selected. 

[0056] Steps 132 and 136 are performed to determine a p7 
matrix that may be used to adjust image data to provide color 
management. The difference RGBO/odlifB betWeen the target 
White point values nABCWp and estimated White point values 
nABCWcun based on the selected sequence and current levels 
is calculated at step 132. The difference RGBo/odi?3 may be 
calculated in any suitable manner. According to one embodi 
ment, the estimated White point values ABCWcurr at the 
selected sequence and current levels may be determined 
according to Equation (19): 
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AW, AW Aim Rm, (19) 

[BMW]: BW Bbcm * Gm, 
Cwcurr Crcurr Cgcurr Cbcurr Bseq 

Where ABCXCun, x=r, g, b, represent the ABC values of the 
internal sensor at the selected current levels. Values ABCX 
Curr may be established by interpolating the current lookup 
table to determine the ABCXC values corresponding to the 
available current levels. 

[0057] The estimated White point values ABCWcurr may be 
normaliZed according to Equation (20) to yield normaliZed 
White point values nABC 

AM. + BM. + CW 

[0058] The difference betWeen the target White point val 
ues nABCWp and the estimated White point values nAB 
C at the selected sequence and current levels may be Wcurr 

calculated according to Equation (21): 

"Aw "Awcurr (21) 
"Bwp — "BM/cm 

R% digs 
"Cwp "CM/cm 

G% digs = T +1 
WP 

3% digs 
mB wp 

nCWp 

[0059] The difference may be normaliZed according to 
Equation (22) so that the maximum percent difference is 
one: 

maX(R% digs, G% digs, 3% diffs) 

[0060] The next p7 matrix corresponding to the difference 
is established at step 136. The next p7 matrix may be 
calculated according to Equation (23): 
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After determining the next p7 matrix, the method terminates. 

[0061] The illustrated embodiment describes estimating 
adjustments to achieve a target White point value. Any target 
color value, hoWever, can be used. According to one 
embodiment, a target primary value may be given, and the 
method may estimate adjustments to achieve the target 
primary value. According to another embodiment, the duty 
cycle sequence changes may not be used. Instead, major 
adjustments may be performed by increasing current levels 
for one or more primaries. The p7 matrix may be used to 
provide minor adjustments. 

[0062] Modi?cations, additions, or omissions may be 
made to the method Without departing from the scope of the 
invention. The method may include more, feWer, or other 
steps. Additionally, steps may be performed in any suitable 
order Without departing from the scope of the invention. 

[0063] Certain embodiments of the invention may provide 
one or more technical advantages. A technical advantage of 
one embodiment may be that current levels and duty cycle 
sequences provided to a light source array are synchroniZed 
in order to manage the color temperature or xy location of 
the array. The color management may yield an appropriate 
color temperature or xy location While optimiZing the 
lumens output of the light source array. 

[0064] While this disclosure has been described in terms 
of certain embodiments and generally associated methods, 
alterations and permutations of the embodiments and meth 
ods Will be apparent to those skilled in the art. Accordingly, 
the above description of example embodiments does not 
constrain this disclosure. Other changes, substitutions, and 
alterations are also possible Without departing from the spirit 
and scope of this disclosure, as de?ned by the folloWing 
claims. 

1-20. (canceled) 
21. A method for providing color management, compris 

ing: 

receiving color data; 

selecting a duty cycle sequence in accordance With said 
received color data; and 

selecting a current level in accordance With the duty cycle 
sequence, the one or more current levels being for one 
or more currents provided to a light source. 

22. The method of claim 21 further comprising: 

establishing a target color value. 
23. The method of claim 21, Wherein selecting the duty 

cycle sequence further comprises: 

establishing a plurality of target values corresponding to 
a target color value; 

establishing a plurality of ?rst measured values from the 
color data; 
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determining a ?rst difference between the target values 
and the ?rst measured values; and 

selecting a duty cycle sequence corresponding to the ?rst 
di?ference. 

24. The method of claim 21, Wherein selecting the duty 
cycle sequence further comprises: 

determining a candidate duty cycle sequence in accor 
dance With a target color value and the color data; and 

selecting an available duty cycle sequence that is close to 
the candidate duty cycle sequence. 

25. The method of claim 21, Wherein selecting the one or 
more current levels further comprises: 

establishing a plurality of target values corresponding to 
a target color value; 

establishing a plurality of second measured values corre 
sponding to the selected duty cycle sequence; 

determining a second di?ference betWeen the target values 
and the second measured values; and 

selecting one or more current levels corresponding to the 
second di?ference. 

26. The method of claim 21, further comprising generat 
ing a color matrix by: 

establishing a plurality of target values corresponding to 
a target color value; 

establishing a plurality of third measured values corre 
sponding to the selected duty cycle sequence and the 
selected one or more current levels; 
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determining a third di?ference betWeen the target values 
and the third measured values; and 

generating the color matrix from the third di?ference. 
27. The method of claim 21, Wherein the color data 

comprise: 

a plurality of internal measurements, an internal measure 
ment measured at a portion of an optical path prior to 
a screen With the image is created; and 

a plurality of external measurements, an external mea 
surement measured at a portion of the optical path 
posterior to the screen. 

28. The method of claim 21, Wherein the color data further 
comprises: 

receiving the plurality of measurements comprising a 
plurality of internal measurements and a plurality of 
external measurements; and 

scaling the internal measurements and the external mea 
surements. 

29. The method of claim 21, further comprising providing 
control information, the control information instructing a 
light source driver to provide the one or more currents to the 
light source at the one or more selected current levels. 

30. The method of claim 21, further comprising providing 
control information, the control information instructing the 
light source to operate according to the selected duty cycle 
sequence. 


