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METHOD FOR MIXING LIGHT OF LED
CLUSTER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention
[0002] The invention discloses a method for mixing light,
particularly a methodology for multispectral mixing optimi-
zation of LEDs clusters.
[0003] 2. Description of the Prior Art
[0004] Theprogress in Light-emitting diodes (LEDs) tech-
nology has been breathtaking during the last few decades. At
this time, great technological advances in LEDs are pro-
foundly changing the way light was generated. In contrast to
many conventional light sources, LEDs not only have the
potential of converting electricity to light with near-unit effi-
ciency, but also offer impressive controllability of their spa-
tial distribution, temporal modulation, and polarization prop-
erty. With an arrangement of multispectral LEDs, the LEDs
cluster could particularly have the capability of manipulating
its synthesized spectral power distributions (SPDs). Such
intelligent light sources could be adjusted according to dif-
ferent operational environments and requirements. As a
result, tremendous properties of LEDs or LEDs clusterlead to
great benefits across a wide field of applications, including
lighting, transportation, communication, imaging, agricul-
ture, and medicine.
[0005] In general, the mixing of multiple spectra based on
LEDs can be accomplished by using (i) additive mixing of
two or more single-color LED chips (LED-primary-based
approach), (ii) wavelength-conversion via using phosphors or
other materials (LED-plus-phosphor-based approach), and
(iil) a hybrid approach composed of (i) and (ii). It is well
known that a basic trichromatic mixing by LED-primary-
based approach is mathematically critical determined, in
which the three emission sources are predetermined. In fact,
the selections of emission band A provide additional degrees
of freedom, whose values will be highly relevant to the opera-
tional purposes. For example, a trichromatic combination of
~=450-455 nm (spectral width AL=5 kT), A,=525-535 nm
(AA=5KT), and A,=600-615 nm (AA=5 kT) is very favorable
in terms of high color rendering lighting, resulting in a high
CRI value in the range of 80-85.
[0006] Ttis generalized that the condition by considering a
synthesized SPD composed of n undetermined emission
bands, used for certain purpose with specific chromaticity
point. The problem is no longer critically determined but
underdetermined, which is equivalent to subjecting the 2n-di-
mensional parameter space {A,, ..., 4,,1,,...,1,}, composed
of emission bands A and drive currents I, to three color-
mixing constrains. In other words, an optimization happens in
searching the best location, composed by two n-dimensional
vectors {A,...,A,}and{I,,...,I }, onthe hypersurface with
dimensionality 2n-3. Where the best location represents that
composed spectrum provides the maximal benefit to the pur-
poses. It could mathematically write the solution in a form as:
[0007] arg max[{MF, cons} {A,, ..., A 1,...,1}]
where MF is the merit function of the purposes. The term cons
indicates three mixing constrains. In 2002, A. Zukauskasa et
al. solved the above problem for general lighting applications.
For simplicity, each emission band was assumed as a single
Gaussian line with AA=6 kT. The optimal LEDs clusters for
n=2, 3, 4, and 5 were analyzed. Those results address the
fundamental tradeoff between the luminous efficacy of radi-
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ance LER and the color rendering index CRI, which has the
potential to provide a useful guide in the design of a poly-
chromatic system.

[0008] However, as the trend of higher efficiencies in phos-
phor-converted white LEDs continues, the possible hybrid
designs increases as well. State of the art tetrachromatic
hybrid design (neutral-white/red/green/blue), proposed by G.
He et al., can realize a white composite light with high color
rendering property as well as high luminous efficiency, but
due to the assumption of constant thermal environment (i.e.
only consider the dependence of current on source model) a
widespread diffusion of multichip LED cluster is not pro-
vided. To date, a general SPD synthesizing for practical LED
clusters, especially for those with the number of sources >3,
is still subject of discussion. Main obstacle lies in the present
lack of complete methodology, which can systematically and
efficiently optimize SPD for an underdetermined system in
consideration of current and temperature dependences
[0009] Inorder to overcome current implementation barri-
ers of LEDs cluster, we make an attempt to borrow design
techniques from a conventional lens system to develop a
general mixing approach in a more complete treatment. The
idea arose from the recognition of the fundamental similarity
of multi-chip LEDs system and conventional lens system.
The whole design flow in all aspects can be closely analogous
to a lens design process that has long been developed, by
which the spectrum of an LED cluster can be optimized by
going through every step of the proposed scheme.

SUMMARY OF THE INVENTION

[0010] The main purpose of the invention is to provide a
method for mixing light of LED cluster, which can be used in
the white lighting emitting diode field.

[0011] The adjustable LED of the invention mixes more
than two kinds of LED light sources to obtain emitted light
with high color rendering index or high luminous efficiency.
[0012] The invention provides a genetic algorithm and uses
the established multiple LED spectrum database to create a
mixing light mode achieving color temperature condition, in
order to obtain the global maximum of database, so as to
control the LED cluster system.

[0013] The adjustable LED light source of the invention is
able to be introduced into the modulation of common lighting
and light environment. The applied field of the invention is
able to comprise the LED field, the fluorescence light source
field (such as LED cluster, fluorescence light source array,
and fluorescence lamp array), and the other light source field
etc.

[0014] Therefore, the advantage and spirit of the invention
can be understood further by the following detail description
of invention and attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0016] FIG. 1 is a flow diagram illustrating the first pre-
ferred embodiment of the invention.

[0017] FIG. 2 is a flow diagram illustrating the second
preferred embodiment of the invention.
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[0018] FIG. 3(a), FIG. 3(b), FIG. 3(c) and FIG. 3(d) show
the verification result for the embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] Theinvention relates to a method for mixing light of
LED cluster, which is able to optimize the LED cluster to
obtain the best luminance efficacy of radiation (LER), color
rendering index (CRI), or color quality scale (CQS). The LED
with multiple wave bands is combined to form the spectrum
with objective color temperature. Evaluate the color quality
scale (CQS) of color rendering property and the luminance
efficacy ofradiation and use the continuous genetic algorithm
to optimize the most suitable combination ratio for the inten-
sity of LED, adjust the spectrum of objective color tempera-
ture and possess the best evaluation index and luminance
efficacy of radiation for assess the color rendering property of
light source.

[0020] The design principle of the invention regards the
LED cluster as a lens. Various specific conditions of the LED
cluster are considered as important parameters for the design
of lens. For example, when the LED with single color space
considered as a lens unit, its corresponding relation is defined
as:

[0021] The LED power determined by its curvature and
refractive index can be conceptually analogous to the emit-
ting luminous flux of LEDs determined by the driven current
and luminous efficiency, respectively

[0022] As mixing a number of LEDs, the additive mixing
by the dichromatic LED-primary based approach is equiva-
lent to two singlet lenses. Likewise, the LED-plus-phosphor
based approach can be regarded as a cemented doublet
(dichromatic) or triplet (trichromatic), dependent on the num-
ber of exciting peak wavelength.

[0023] Theinvention relates to a method for mixing light of
LED cluster, which is shown in the first preferred embodi-
ment in FIG. 1. According to the required color temperature
and the spectral power distribution (SPD) of different LED,
the spectrum of LED is adjusted to form the spectrum for the
mixing light of LED, in order to achieve the color coordinate
of objective color temperature.

[0024] After the spectrum for the mixing light of the color
coordinate is achieved, the calculation is conducted in accor-
dance with the following merit function (1):

F=wxCOS+(1-w)xLE,

subject to the constrain: weight wE/0,1], e8]

[0025] In the merit function (1), w represents the weight
ratio, CQS represents the color rendering index (saturation
level of color), and LE represents the luminance efficacy
(Im/W).

[0026] It can be solved to obtain the values of color quality
scale (CQS) and the luminous efficiency (LE) for every set of
mixing light, and the best solution of color rendering index
and luminous efficiency.

[0027] Referring to Step 101 of FIG. 1, firstly, a plurality of
LED cluster are provided, and then the step is importing the
specific data of LED cluster, including the spectrum of LED
cluster, required absolute or relative color temperature.
[0028] Referring to Step 102 of FIG. 1, the calculation of
continuous genetic algorithm is conducted.

[0029] Referring to Step 103 of FIG. 1, the calculation of
merit function is conducted to judge the standard value,
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including maximum color rendering index (CRI or CQS),
maximum luminous efficiency and so on, in order to obtain
the related information.

[0030] Referring to Step 104 of FIG. 1, after the above-
mentioned optimal calculation, the optimized results are
obtained, including the weight ratio, the optimized color
quality scale (CQS), luminous efficiency (LE), and spectral
power distribution of LED cluster.

[0031] The core mechanism of the invention is the continu-
ous genetic algorithm (CGA). Its concept is to imitate the
natural evolution for the calculation. The calculation mecha-
nism mainly includes: reformation, mutation, and selection.
The genetic algorithm uses random points searching to obtain
the solution, thus the awkward situation of only local maxi-
mum will be avoided. The genetic algorithm mainly encodes
the parameters into the data structure suitable for the calcu-
lation of genetic algorithm. Thus it will not be restricted by
the continuity of parameter in searching analysis. Thus it can
be applied to different optimization problems. The initial
value of genetic algorithm depends on the problem. The ran-
dom selection of genetic algorithm can obtain diversified
initial value in the group, thus the random and global solution
can be obtained for the merit function. Compared to other
algorithms, the genetic algorithm can get the global maxi-
mum through the effective continuous evaluation of variance
amount to avoid rapid convergence and constraint.

[0032] AsshowninFIG.2,asecond preferred embodiment
of the invention is illustrated. Firstly, an initial system is set in
Step 201, wherein the spectrum characteristics and luminous
efficiency of every LED are provided. The spectrum charac-
teristics and luminous efficiency can be obtained from the
manufacturers or measurement. Generally speaking, a lot of
famous LED manufacturers can provide the LED with wide
range of wave band. If LED cluster system is mainly defined
for high efficiency, the green wave band (505 nm) and the
amber wave band (595 nm) will be able to provide better
luminous efficiency due to the characteristics of luminous
efficacy curve. The simple mixing light mechanism is able to
use the color temperature of LED, the category of LED and
the spectral power distribution of LED for conducting the
adjustment. Normally, in order to select the combination way
of LED systematically, the following three ways are
employed:

[0033] Collecting the default values: Obtaining better ini-
tial condition through previous accumulated experience; Col-
lecting the literature: Referring to the published research and
literature to obtain better setup value; and collecting the pub-
lished patents: Referring to the published patents to obtain
better setup value.

[0034] As shown in Step 201 of FIG. 2, a plurality of LED
cluster are provided, then the step is importing the specific
data of LED cluster and sefting an initial system. For
example, the LED with triple monochrome color spaces (630
nm, 530 nm and 450 nm) are used to form the mixing light
system, in order to raise the saturation level of color. Because
the phosphor based LED has several peak wave bands, it is
able to get better mixing light performance compared to the
LED with monochrome color space, so as to increase the
diversity of mixing light.

[0035] As shown in Step 202 of FIG. 2, the boundary con-
ditions are set, including the driven current (I) and the opera-
tion ambient temperature (T,): When the optimization of
initial system is conducted, the range of parameter should be
set in accordance with the range of input, and the rational
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value should also be set to reduce the calculation time. Nor-
mally, the main parameters determining the characteristics
for the spectral power distribution of LED are: The driven
current (I) and the operation ambient temperature (T ). which
mainly determine the peak wavelength (A), full-width at
half-maximum (AX) and luminous flux (@). The change of the
above-mentioned optical characteristics will be different due
1o the response difference of human eyes on color and the
luminance of background.

[0036] As shownin Step 202 of FIG. 2 again, if the relation
between tristimulus values responded by human eyes and the
driven current, the allowable tolerance of three stimulus val-
ues obtained from actual mixing light can be defined as the
following mathematical equation (2):

e, ) = (s yrll < 0.01, 2
where
TX+Y+Z

x= and y
X+Y+Z

[0037] Where X, Y, Z in equation (2) represent tristimulus
values specified in the International Commission on [1lumi-
nation (CIE) system. The error defined in the mathematical
equation (2) is 0.01 color unit, because the human eyes are
relatively tardy to the vision response of high illumination.

[0038] Still as shown in Step 202 of FIG. 2, when a plurality
of LED cluster possesses more than 3 (M=3) color spaces, it
will be able to draw a color space limited by the LED cluster
in the CIE color coordinate. The color space represents the
color point produced by said LED cluster.

[0039] As shown in Step 203 of FIG. 2, the optimization
analysis is conducted. As the above-mentioned description, it
is able to further conduct the calculation of color rendering
index and luminous efficiency in a LED cluster with M>3, so
that the optimal luminous efficiency and the highest color
rendering index can be calculated quickly through genetic
algorithm for the light source system with more than 4 LED
cluster. The invention is able to consider the assessment of
human eyes on the preference of light source effectively. The
spectrum synthesized by the mixing light of LED can achieve
the color coordinate of objective color temperature by using
the set color temperature and the spectral power distribution
ratio of LED at different waveband. According to the color
rendering property analysis of light source, obtain the color
quality scale and luminous efficiency of every set. The best
solutions of color quality scale and luminous efficiency are
calculated through the algorithm. The value function between
both can be defined as the above-mentioned merit function
(1.

[0040] As shown in Step 201 of FIG. 2 again, the created
database of spectral power distribution is used for conducting
the optimization analysis. The spectral power distribution
generated by different driven current is used as the input value
of algorithm. The optimal driven current of every LED is
obtained through the algorithm, in order to achieve the default
mixing light goal.

[0041] As shown in Step 204 of FIG. 2, the optimization
analysis is conducted: obtain the solution through the spectral
power distribution and the merit function (1), where the
weight ratio w can be used to adjust the convergence range
quickly by the user.
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[0042] As shown in Step 201 of FIG. 2 again, when w=0, it
means the determining optimization process is the luminous
efficiency. On the contrary, When w=1, it means the deter-
mining optimization process is the color quality scale. In the
calculation process, when M>3 and w=0, there are many
combinations of driven current, which can achieve the same
default color temperature and objective condition, but only
one solution can get the highest luminous efficiency. It is
called the global maximum. Under the same condition, when
w=1, there is also only one global maximum for obtaining the
highest color quality scale.

[0043] As shown in Step 205 of FIG. 2, the judgment and
optimization are conducted.

[0044] As shown in Step 2051 of FIG. 2, if the result of
judgment is “No”, change the quantity (M) of LED cluster.

[0045] As shown in Step 2052 of FIG. 2, if the result of
Judgment is “No”, change the relevant objective values for the
luminous characteristics of LED cluster.

[0046] As shown in Step 206 of FIG. 2, if the result of
judgment is “Yes”, determine an optimal weight ratio.

[0047] As shown in Step 207 of FIG. 2, use the above-
mentioned weight ratio to conduct the optimization analysis.
That is to use any LED cluster to reduce the spectral power
distribution of single LED with high output by substituting
with more than two main the spectral power distribution
diagrams, in order to increase the mixing light of LED and
increase the arrangement of LED cluster achieving the merit
function and optimization.

[0048] As shown in Step 208 of FIG. 2, conduct the devia-
tion analysis. Because there is difference in the manufactur-
ing and package of LED, there is difference for the peak
wavelength (2.,), full-width at half-maximum (AA), luminous
flux (@), spectral power distribution (SPD), driven current
(1), and voltage (V). Thus in order to avoid the color differ-
ence and variance generated by actual mixing light, the fea-
sible compensation mechanism is to measure the spectral
power distribution on LED surface and feedback the driven
current continuously, conduct the monitoring and correcting,
in order to reduce the deviation for the optical characteristics
of LED cluster.

[0049] As shown in Step 209 of FIG. 2, the optimization
result is disclosed, which means the optimal weight ratio and
the spectral power distribution are shown after the above-
mentioned optimization calculation.

[0050] AsshowninFIG.3(a), FIG. 3(b), FIG. 3(c) and FIG.
3(d), the verification result for the embodiment of the inven-
tion is disclosed, which means the mixing light verification is
conducted after the light source array composed by multiple
LED is provided. The spectrum for the above-mentioned
platform of LED cluster is:

[0051] Blue spectrum=470 nm,

[0052] green spectrum=>525 nm,

[0053] amber spectrum=589 nm, and

[0054] red spectrum=630 nm.

[0055] Through the pulse width modulation (PWM) for a

phosphor based cool white LED (Philips TX-213), every
LED s able to produce 128 levels of gray-level variation, and
accord with the linear superposition and addition of color
modulation. Thus from FIG. 3(a), FIG. 3(b), FIG. 3(c) and
FIG. 3(d), it is known that the applied field for the color
temperature of the invention can satisfy 3000K to 6500K of
relative color temperature (T..), and can expand to
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2600K <relative color temperature (T )<8500K, in order to
meet the requirement of high color rendering index and high
luminous efficiency.

[0056] In addition, except the above-mentioned constant
light source array, the applied field of the invention is able to
comprise the fluorescence light source field, such as LED
cluster, fluorescence light source array, and fluorescence
lamp array, as well as the other light source field etc . . .
[0057] Ttisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. A method for mixing light of constant light source array,
comprising:

providing a plurality of constant light source array and

importing a specific data of the plurality of constant light
source array;

using a continuous genetic algorithm to conduct a calcula-

tion;

conducting an merit function; and

showing an optimization result in order to form the method

for mixing light of constant light source array.

2. The method according to claim 1, wherein the constant
light source array is selected from the group consisting of
LED cluster, fluorescence light source array, and fluorescence
lamp array.

3. The method according to claim 1, wherein importing the
specific data of constant light source array comprises import-
ing a spectrum and a color temperature of the constant light
source array.

4. The method according to claim 1, wherein the conduct-
ing merit function comprises conducting to judge a standard
value including judging a maximum color rendering index
and a maximum luminous efficiency, and considering an opti-
mal solution of the color rendering index and the luminous
efficiency.

5. The method according to claim 1, wherein the optimized
results comprises a weight ratio, an optimized color quality
scale, a luminous efficiency, and a spectral power distribution
of the constant light source array.

6. A method for mixing light of constant light source array,
comprising:
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providing a plurality of constant light source array, and
importing a specific data of the constant light source and
sefting an initial system;

setting a boundary condition;

conducting an optimization analysis;

conducting an merit function analysis;

judging an optimization result to form a Yes result or a No

result;

determining an optimal weight ratio if a result of judgment

being Yes;

using the optimal weight ratio to conduct an optimization

analysis;

conducting an deviation analysis; and

showing an optimization result in order to form the method

for mixing light of constant light source array.

7. The method according to claim 6, wherein the constant
light source array is selected from the group consisting of
LEDcluster, fluorescence light source array, and fluorescence
lamp array.

8. The method according to claim 6, wherein the specific
data of constant light source array comprises a spectrum and
a color temperature of the constant light source array.

9. The method according to claim 6, wherein the setup of
boundary conditions comprises setting a driven current and
an operation ambient temperature.

10. The method according to claim 6, wherein the optimi-
zation analysis comprises calculating a best luminous effi-
ciency and a high color rendering index by an algorithm.

11. The method according to claim 6, wherein the merit
function analysis comprises obtaining a solution through a
spectral power distribution of the constant light source array.

12. The method according to claim 6, wherein if a result of
judgment is “No”, further comprises change a category of the
constant light source array.

13. The method according to claim 6, wherein if a result of
judgment is “No”, further comprises change a luminous char-
acteristics of the constant light source array.

14. The method according to claim 6, wherein the deviation
analysis comprises measuring a spectral power distribution
on a surface of the constant light source and a feedback of a
driven current continuously, conducting a monitoring and a
correcting.

15. The method according to claim 6, wherein showing the
optimized results comprises a weight ratio, an optimized
color quality scale, a luminous efficiency, and a spectral
power distribution of the constant light source array.



