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MANAGING THE COLOR TEMPERATURE FOR A
LIGHT SOURCE ARRAY

TECHNICAL FIELD

[0001] This invention relates generally to the field of
image generation and more specifically 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 reflect 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 “off” 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 figures, 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 flowchart 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 fine 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 off.

[0016] System 10 controls the projection of colors on
screen 40 to generate an image. Colors may be defined as
(x,y) points of the International Commission on [llumination
(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 specific 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. Internal sensor 28 may include any suitable
number of detectors, for example, three or more detectors,
each with a filter to restrict the measured wavelength. The
filter 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 first 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
(ILDs), vertical cavity surface emitting diodes (VCSELs),
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 configure 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
768x1024 array, of digital tilting mirrors or baseline binary
pixels or mirrors. A binary mirror may tilt by a plus or minus
angle of, for example, 10 or 12 degrees, for active “on” or
“off” 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 field 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,



US 2008/0043150 Al

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] Modifications, 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 flowchart 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 LED:s.

[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, “DEF 5" rep-
resents Dy, Egyp, and Fgyy.

[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 RGBp,.,, 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 xyY, ., and internal parameters ABC__;;
green full color parameters may include external parameters
XyY .1 and internal parameters ABC,_;; and blue full color
parameters may include external parameters xyY,., and
internal parameters ABC, ;.

[0035] Inputs are received at step 104. Inputs may include
target white point values XYZ,,, for each white point. Inputs
may also include information about the system, for example,
available duty cycle sequences and real time duty cycle
sequences RGB ., System information may also include a
real time current lookup table (LUT) that associates values
ABC,, x=r, g, and b to current levels. System information
may also include real time red, green, and blue peak param-
eters ABC, ., 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
U.S. Pat. No. 6,594,387, which is hereby incorporated by
reference. A p7 matrix may be defined according to Equation
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[0037] The method generates output, which may include a
next duty cycle sequence RGB,,,, next current levels RGB,,
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, X% )

where:
Xweat = Xreat + Xgeat + Xpeat
Yot = Yrcat + Ygcat + Yocal

Zywcal = Lrcal + Lgeat + Zical

(7=)

ke Xrcal Xgeal Xbcal | Y oeat
ky | =| Yreat Ygoat Yocat ® 1
k; Zreal  Zgeal  Zbeal (chal)

Yivcal
X Xg Xp Xrcal Xgeal Xbcal ke 00
Yo Yo Yy |=|Yrew Yecat Ypcat |x| 0 Ky O
Ze Ly 2y Zreal  Zgeal  Zbeal 0 0 &

and 1=r, g, bs Wis Zi=l_xi_yis

X; i
Xi=—Y;, and Z; = —Y..
Yi Yi

i

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

A Ag Ap (©)
B, B; By

C Cqg Gy

where:

Ascal = Arcat + Ageat + Abcal
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-continued
Byycat = Breat + Bgcat + Bpeat

Cyeat = Creat + Cycat + Chcal

(chal ]
Byycat

kq Qreal  Qgeal  Obeal |
ky | = | breat bgeat Dbcat | % 1
ke Creal Cgeal Cheal (chal]
Byycat

A Ag Ay Qreal Ogcal  Pbeal ke 0 0
B, By By |=|brat bgcat bocar || 0 ky O
G G G Creal  Cgoal Chaal 0 0 k
and

A B;
SR AB+C T ATBAC

Ci

and ¢;j = ———.

A+ B+ C;

[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):

A Ar Ag Av] [X Xg XpT7! )
oo Jg Jy|=| B, By Byl|«|Y, Y, Vs
K, K, K, C Cp G| |2z, 2,

[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 XYZ,,,, may be scaled by the calibration
duty cycles. Scaling factors XYZ_;, .. for white point values
XYZ may be calculated according to Equation (5):

X Xg Xp (Rpceat) &)
Yo Y¢ Y |#| (Gpeeat)
Xxfacror
Z, Z, Z (Bpceat)
Yxfacror = X .
weal
foacror ( chal )
1
(chal)
Yivcal

[0042] Scaled white point values XYZ__ j.qe, may be
calculated according to Equation (6):
Xscaledwp Xup Ksfactor 6)
Yscateawp | =| Ywp |#| Ysfacor
Zscatedwp Zyp Zsfactor
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[0043] Steps 116 and 120 are performed to select duty
cycle sequences. The difference RGB,, 4, between target
white point values ABC,,, and real time white point values
ABC,, is calculated at step 116. The difference may be
calculated in any suitable manner. According to one embodi-
ment, the target white point values ABC_, 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):

Awp I Iy I Kscatedwp D
o | = | I Jg Jb | #| Yscatedwp
Cyp K, K¢ Kp Zscaledwp

[0044] The values ABC_, 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 nABC,:

I Awp ®)
"7 Awp + Bup + Cop
wB o DPw
P Ayp + By + Gy
!
Gy, = i

T Awp+ By +Cp

[0045] The real time white point values ABC_, may be
calculated according to Equation (9):

Awn Ape Agn Apn Rpen )
Bwn = Brrt Bgrt Bbrt * GDCrt
Chore Cme C gt Con Bpcr

[0046] The values ABC,, may be normalized according
to Equations (10) to yield normalized real time white point
values nABC_ .

e (10)
v Awre + By + Cooe
Byor
By = ———————
B Rt 4 B + Co
C
nC\yy = idid

Ayt + Byt + Cooy

[0047] The percent differences RGB,, ,r, between the
normalized target white point values ABC_ , and the nor-
malized real time white point values ABC_,,, may be calcu-
lated according to Equation (11):
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nAyp NA s (11)
nByy || rByun
Raair1
nCyyp nCyp
Goaig1 | = Py
wp
Baogifr1
nB,,
nC,

wp

[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 RGB may be determined according to Equa-
tion (12):

Rpc Rpen Rapaifr1 Rpcn (12)
Gpc | =| Gpen || Gadir1t |+| Gper
Bpc Bpcr Baaifr1 Bpcn

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

R 13
nRpe = ——2¢ 100 13
Rpc + Gpe + Bpe
G,
nGpe = ———2¢ 4100
Rpc + Gpc + Bpe
B
nBpc = ———2C 4100

Rpc +Gpe + Bpe

An available sequence RGB_,, with duty cycles that are
closest to normalized next duty cycles nRGBp- may be
selected.

[0050] Steps 124 and 128 are performed to select current
levels. The percent differences RGB,, 4,4, between the target
white point values nABC_  and internal white point values
nABC,,,, at the selected sequence is calculated at step 124.
Internal white point values ABC may be calculated

according to Equation (14):

wseq

waeq Arrr Agrt Abn Rxeq (14)
waeq =| B rrt B grt an * Gxeq
waeq Crrt Cgrt Cbrt Bxeq

[0051] The internal white point values ABC,,., may be
normalized according to Equations (15) to yield normalized
internal white point values nABC

wseq®

N Auseq (15)
"4 Avseq + Buseq + Cuuseq
Biiseq

By = ———5——F+—
Avseg + Buseg + Cuuseq
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-continued
Cuseq

nCyseqg = ————F————
Avseg + Buseg + Cuuseq

[0052] The difference RGB., s may be calculated
according to Equation (16):

nAyp nAyseq (16)
nByy | —| RByseq
Ruag2 nC, nC,
Gaaigra | = % 1
Bagifra nB::
nC,

wp

[0053] The difference RGB,, ;¢ may be normalized such
that the maximum percent difference is one, and may be
normalized according to Equation (17) to yield normalized
difference nRGB,, 4;4»:

IR Raaifr2 an
Bdiff2 =
i max(Raair2, Gadiz, Badig2)
Gadgig2
nGaogig2 =
& max(Regi2, Gadifrz, Badig2)
Bagifra
nBogifa = !

max(Regir2, Gadifr2, Baodigr2)

[0054] The current level that corresponds to the difference
RGBo, 4is 18 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
Yodiff2
ABC x=r, g, and b:

xscaleds

= *.
A ecatea=A et MRy, i

= *,
B gscaled_Bgn NGy

Crscatea=Clort “MBysqisry 18)

[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 iRGB,_ corresponding to the
scaled values ABC,,1.q- Current levels RGB, closest to the
interpolated current levels iRGB_ 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 RGB,, ;4 between the target
white point values nABC_ , and estimated white point values
nABC,, .., based on the selected sequence and current levels
is calculated at step 132. The difference RGB,, ;4 may be
calculated in any suitable manner. According to one embodi-
ment, the estimated white point values ABC, ., at the

selected sequence and current levels may be determined
according to Equation (19):
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Averr [ Areirr Agaur Abaur ] [ R (19)
[me]: Brewr Byaur Bocurr || Goeq
Crveurr Crourr Cgcurr Chourr Bxeq

where ABC, .., X=t, g, b, represent the ABC values of the

internal sensor at the selected current levels. Values ABC,-
curr may be established by interpolating the current lookup
table to determine the ABC, values corresponding to the
available current levels.

[0057] The estimated white point values ABC,,_,,,, may be
normalized according to Equation (20) to yield normalized
white point values nABC

weurr*

wA Ascurr (20)
wewrr = T p Lo
Ascurr + Breurr + Crocurr
W = Biveurr
wewrr — o o .~
Asscurr + Brewrr + Coocurr
Cuvcurr
nCcurr =

Avearr + Brcurr + Cocrr

[0058] The difference between the target white point val-
ues nABC,,, and the estimated white point values nAB-
C at the selected sequence and current levels may be

weurr

calculated according to Equation (21):

nAwp nAscurr @
1By | = | nBucurr
Ra, a3
nCyp 1Ccury
Go a3 |= — g |*+!
wp
B, i3
mB
wp
nCyy,

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

R Re, diff 3 (22)
% diff3 =
3~ max(Re, aifr3» G diff3» Boo digr3)
G G giff3
% diff3 =
T max(Re giff3, G diff3> Ba aif3)
Ba, g3
nBa giff3 = !

max(Re, gifr3» G dir3» B aifrs)

[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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I’LR% diff3 (23)
p1 = p7;column =| nGo aigr3

nBa gif3

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] Modifications, 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 defined 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 first measured values from the
color data;
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determining a first difference between the target values
and the first measured values; and

selecting a duty cycle sequence corresponding to the first
difference.
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 difference between the target values
and the second measured values; and

selecting one or more current levels corresponding to the
second difference.
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 difference between the target values
and the third measured values; and

generating the color matrix from the third difference.
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.



