LIGHTING CONTROL METHOD AND SYSTEM

Cross-reference to Related Applications

[0001] The present application claims the benefit of the Singapore provisional
patent application No. 10201501171Q filed on 13 February 2015, the entire contents

of which are incorporated herein by reference for all purposes.

Technical Field

[0002] Embodiments relate generally to a lighting control method and a lighting

control system. Embodiments further relate to a lighting device.

Background

[0003] In order to access the performance of buildings under daylight, scaled
models are usually used for the purpose of research and practice. The reason for using
scaled models is mainly due to convenience, cost effectiveness, proof-of-concept and
time saving. Recently, the emergence of research into energy efficient Green
Buildings has facilitated new ideas in areas of lighting power grid (electricity), BMS
(Building Management System), ACMV (Air Conditioning and Mechanical
Ventilation), etc. However, over the past ten years, studies have found that there exist
performance discrepancies between results gathered from scaled models and actual
implementation, resulting in over estimation of the performances. This over
estimation of between 30% to 105% in favor of the scaled model can be attributed to
model details/replication, surface reflectance, light leakages, fenestration details,

photometric properties, luxmeters sensing aperture size, and window transmittance.

[0004] To overcome the limitation of the scaled models, actual 1:1 size models
should be used under actual outdoor exposure. This solution is the most direct in
implementation and at the same time, provides an exact representation of the actual
deployment. Unfortunately, the associated behaviors between Earth and Sun is not a

constant one. The solar spectrum, geometry of solar radiation, and intensity varies



depending on diurnal and annual variation, location, atmospheric conditions, and
terrestrial conditions. With these in consideration, studies conducted outdoors are

limited by the location, weather, and seasons.

[0005] It is therefore necessary to have a man-made environment, where all
variables can be controlled deterministically. To access the performance of
daylighting on buildings, an indoor testing facility with controlled emulation of the
daylight would provide a solution to address the above issues, wherein an indoor test-
bed may be shielded from external elements to provide a predictable 24/7 testing

environment for research and practice.

[0006] Efforts have been made to enhance the light artificially produced by either
conventional fluorescent or newer LEDs (light-emitting devices) in terms of color,
color temperature, and brightness by using a combination of different types of lighting

sources, such as different color LEDs, to produce light of different colors.

[0007] Attempts have been made to improve white light artificially produced for
industry and commercial applications, such as car show rooms, jewellery shops,
clothing stores and offices. The main concern is to produce light with high Color
Rendering Index (CRI) so that objects viewed under these lights can reproduce the

natural colors when viewed under the Sun.

[0008] Other attempts have also be made to use different colors of white light
(Correlated Color Temperature, CCT) to improve and influence the behavior of
humans, for example, to improve the mental state of office workers or reduce the

recovery time of patients in the hospitals.

[0009] In order to achieve the desired results, different light sources (e.g., LEDs),
typically 3 to 6 types of LEDs are arranged in a manner, typically in circular form or
in strip form, to mix the required colors or white color temperature. Some of the
proposed light fixtures are in modular form, which can be scaled up to produce a
larger light source. Each module can be controlled independently by either changing

the current and/or voltages to the light sources or through some digital drivers.

[0010] Despite the recognition of the need for variable CCT and intensity of light
sources for use in various applications, it is not revealed how the uniformity, CCT,

and intensity can be achieved in a single device. In addition, the need of having a
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lighting device that can emulate the daylight for research purposes in buildings and

also for design purposes in architectural projects is not indicated.

[0011] Therefore, there is a need for a device that can emulate the daylight in
terms of CCT and intensity relating to the diurnal, seasonal and location parameters.
There is also a need for a device which is large enough to project the required light

onto a surface of an actual “life size” test bed uniformly.

Summary

[0012] Various embodiments provide a method of controlling a lighting device to
generate light of a desired natural scene. The lighting device may include a plurality
of warm white LEDs having a first intensity range and a plurality of cool white LEDs
having a second intensity range. The method may include dividing each of the first
intensity range and the second intensity range into a predetermined number of
intensity levels; initializing the plurality of warm white LEDs to a first intensity level
and initializing the plurality of cool white LEDs to a second intensity level, the first
intensity level and the second intensity level being determined based on the desired
natural scene; iteratively adjusting at least one of the intensity level of the warm white
LEDs or the intensity level of the cool white LEDs by at least one level in each
iteration, until the light generated by the lighting device matches a desired correlated
color temperature predetermined for the desired natural scene; and iteratively
adjusting at least one of the intensity level of the warm white LEDs or the intensity
level of the cool white LEDs, until the light generated by the lighting device matches

a desired illuminance predetermined for the desired natural scene.

Brief Description of the Drawings

[0013] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments are described with reference to the

following drawings, in which:

Fig. 1 shows a lighting device according to various embodiments.
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Fig. 2 shows an indoor test bed according to various embodiments.

Fig. 3 shows an arrangement wherein a lighting device of various

embodiments is applied in an indoor environment.

Figs. 4A and 4B show the arrangement of LEDs in the lighting device

according to various embodiments.

Fig. 5 shows an LED arrangement in a lighting device according to various

embodiments.

Fig. 6 shows a lighting device including a plurality of the lighting modules

of Fig. 1 to form a panel of lighting modules according to various embodiments.
Fig. 7 shows an Airy Pattern according to various embodiments.

Fig. 8 shows an Airy Pattern from -0.35 rad to 0.35 rad according to

various embodiments.

Fig. 9 illustrates an illuminating coverage provided by a central LED

according to various embodiments.

Fig. 10 shows a diagram illustrating the normalized intensity of three
LEDs in a row according to various embodiments.
Fig. 11 shows a diagram illustrating an enlarged view of the combined

intensity of three LEDs in a row according to various embodiments.

Fig. 12 shows a diagram illustrating an effective area provided by the

lighting device of the various embodiments.

Fig. 13 shows a flowchart illustrating a method for controlling a lighting

device to generate light of a desired natural scene according to various embodiments.

Fig. 14 shows a flowchart illustrating a method for controlling the lighting
device to generate light of a sunset or sunrise scene according to various

embodiments.

Fig. 15 shows a flowchart illustrating a method for controlling the lighting

device to generate light of a blue sky scene according to various embodiments.

Fig. 16 shows a flowchart illustrating a method for controlling the lighting

device to generate light of a cloudy day scene according to various embodiments.
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Fig. 17 shows a flowchart illustrating a method for controlling the lighting

device to generate light of a mid-day scene according to various embodiments.

Fig. 18 shows a flowchart illustrating a method for controlling the lighting

device to generate light of a desired illuminance according to various embodiments,

Fig. 19 shows a schematic diagram illustrating a lighting control system

according to various embodiments.

Fig. 20 shows a schematic diagram illustrating a digital lighting control

system according to various embodiments.

Detailed Description

[0014] The following detailed description refers to the accompanying drawings
that show, by way of illustration, specific details and embodiments in which the
invention may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the invention. Other embodiments may be
utilized, and structural and logical changes may be made without departing from the
scope of the invention. The various embodiments are not necessarily mutually
exclusive, as some embodiments can be combined with one or more other

embodiments to form new embodiments.

[0015] Various embodiments provide a lighting device and a method/system for
controlling the lighting device to generate light that is variable within a desired range
of correlated color temperature (CCT) and illuminance (lux). The lighting device of
various embodiments may employ two different types of light-emitting devices (LED)
which together, superimpose to produce a wide spectrum of white light and

illuminance.

[0016] Various embodiments provide a lighting device. The lighting device
includes a plurality of warm white LEDs and a plurality of cool white LEDs arranged
in a matrix form, wherein the warm white LED alternates with the cool white LED
along each row and each column of the matrix. The lighting device is also referred to

as a daylight emulator in this description.

[0017] Fig. 1 shows a lighting device 100 according to various embodiments.



[0018] As shown in Fig. 1, the lighting device includes a plurality of warm white
LEDs 101 (W) and a plurality of cool white LEDs 103 (C). The warm white LEDs
101 and the cool white LEDs 103 are arranged in a matrix form, wherein the warm
white LED 101 alternates with the cool white LED 103 along each row 110 and each

column 120 of the matrix.

[0019] In various embodiments, the plurality of warm white LEDs 101 may have
a correlated color temperature of about 2400K. The plurality of cool white LEDs 103
may have a correlated color temperature of about 12000K. Correlated color
temperature is characterized in color reproduction fields according to the temperature
in degrees Kelvin (K) of a black body radiator that radiates the same color light as the
light in question. In various embodiments, the plurality of warm white LEDs 101 may
have a correlated color temperature selected from about 2400K to 3000K. The
plurality of cool white LEDs 103 may have a correlated color temperature selected
from about 5000K to 12000K. In various embodiments, the plurality of warm white
LEDs 101 may have the same correlated color temperature. The plurality of cool

white LEDs 103 may have the same correlated color temperature.

[0020] The arrangement of the two types of LEDs 101, 103 according to various
embodiments may be configured or controlled to reproduce a wide spectrum of the
visible daylight with a correlated color temperature from 2400 K to 10000 K, an
illuminance from 0 to 40,000 Lux with 0.5 meter away from the surface of a test-bed,
a color rendering index (CRI) of 80 and above, 20% illuminance uniformity, and 10%

CCT uniformity.

[0021] In order to produce light of a uniform CCT and intensity according to a
desired natural scene, the arrangement of light sources, i.e. the LEDs 101, 103, may
be designed in consideration of the following parameters: distance between the LEDs
and the projected surface, contour of the surface, number of different types of light
sources reproducing the daylight, brightness of each type of light source, and type of
lens to be used. Some of these parameters may be defined from the structure of an

indoor test bed as shown in Fig. 2.

[0022] Fig. 2 shows an indoor test bed 200 according to various embodiments,

including flat walls 201, windows 203, doors 205 and a ceiling 207. The contour of



the surface of the test bed 200 may be considered to be flat. This is also representative

of common building structures with flat facade.

[0023] As in all indoor structures, space is a constraint that needs to be maximally
utilized. Accordingly, the parameter of the distance between the lighting device and
the facade of the test bed need to be short. In various embodiments, a distance of
about 0.5m may be chosen in consideration of the physical constraints and energy
consumption. The power consumed by the lighting device is proportional to the

distance of the surface it needs to project the light onto.

[0024] After determining the contour of the surface and the distance between the
LEDs and the projected surface, two types of LEDs may be selected in the lighting
device 100 of various embodiments, to meet the CCT and intensity requirements of a
lighting device capable of reproducing light of CCT between 2,400 K to 10,000 K,
and at the same time maintain a consistent illuminance intensity between 0 to
40,000 1x. In an exemplary embodiment, the properties of the two types of LEDs 101,
103 that may be included in the lighting device 100 are shown in Table 1. It is
understood that LEDs with properties different from those of Table 1 may also be
used in the lighting device 100 to reproduce light of desired CCT and desired

illuminance intensity in various embodiments.

Table 1. Properties of LEDs for the lighting device

LED 101 LED 103
Power Rating 3W 3W
Color Temperature 2,400 K 12,000 K
CRI > 80 > 80
Description Warm white Cool white

[0025] The warm white LEDs 101 and the cool white LED 103 arranged in the
matrix form according to the embodiments of Fig. 1 may generate light with a higher
uniformity.

[0026] In various embodiments, to overcome slight variations in each LED and to
ensure circular projection of light onto the facade surface at a distance of 0.5 m, a lens

with 40° emitting angle may be used in the lighting device.



[0027] Fig. 3 shows an arrangement 300 wherein a lighting device 310 of various

embodiments is applied in an indoor environment.

[0028] The lighting device 100 of Fig. 1 may represent a module of light source.
In an exemplary embodiment, each of this module 100 may include 50 cool white
(e.g., with the CCT of 12,000 K) LEDs and 50 warm white (e.g., with the CCT of
2,400 K) LEDs capable of having multiple levels of brightness, making a total of 100
LEDs per module. To project emulated daylight to any facade, a plurality of modular
light source 100 may be connected and pieced together to produce a larger planar
lighting device 310. The lighting device 310 may be arranged with respect to the test
bed 200, as shown Fig. 3, to project the emulated daylight to the surface of the test
bed 200.

[0029] By combining different intensity of each of the two types of LEDs, a
spectrum of CCT and intensity may be produced by the lighting device 100, 310.
According to the arrangement of LEDs of various embodiments, only two types of
LEDs, e.g. warm white LEDs and cool white LEDs, are sufficient to produce the
required effects. The arrangement of LEDs according to various embodiments also
provide desired uniformity within the illuminated surface, which is a critical criteria

in test bedding and architectural designs.

[0030] Although Fig. 1 shows the lighting device 100 including 100 LEDs
arranged in a 10x10 matrix, it is understood that the lighting device 100 may include
various number of LEDs arranged in a matrix of various dimensions in other
embodiments. The dimensions of the matrix may be, for example. 1xXN, Mx1, MxN
(M =2, N =2), so as to form the lighting device 100 of various size which provides

an uniform illumination region of various areas.

[0031] In various embodiments, the arrangement of LEDs in the lighting device
may be formed from two basic cells 410, 420 including the two types of LEDs 101,
103, as shown in Fig. 4A and Fig. 4B.

[0032] The first type of basic cell 410 may include a combination of 4 warm
white LEDs and 5 cool white LEDs, as in Fig. 4A. The second type of basic cell 420
may include 5 warm white LEDs and 4 cool white LEDs as in Fig. 4B. The unequal
number of the two types of LEDs from each cell 410, 420 may seem to produce a

unbalanced contribution of warm white and cool white light, however, when these
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two types of basic cells are combined together as shown in the LED arrangement 500
of Fig. 5, the first type of basic cell 410 reappears 2 columns to the right, and the
second type of basic cell 420 reappears 2 columns to the left. In the LED arrangement
500, the number of warm white LEDs is equal to the number of cool white LEDs. It is
understood that the number of warm white LEDs may be different from the number of

cool white LEDs in other embodiments.

[0033] In various embodiments, various number of the first type basic cells 410
and the second type basic cells 420 may be arranged in a matrix of various

dimensions to form the lighting device of various embodiments.

[0034] When these two types of basic cells of LEDs are scaled up, a uniform
superposition of warm white and cool white may be projected onto the required
surface, forming the mixed light with a range of CCT between 2,400 K to 10,000 K

and a range of illuminance intensity between 0 to 40,000 Ix.

[0035] Although Fig. 4A and Fig. 4B show two types of basic cells 410, 420 with
a 3x3 dimension, it is understood that in various embodiments basic cells of various
dimensions, for example, 1x2, 2x1, 2x2, 4x4, etc., may be arranged similarly in a
matrix of various dimensions, e.g. 1XN, Mx1, MxN (M =2, N =2), so as to form the
lighting device which provides an uniform illumination region of various areas. In an
example of 1XN or Mx1 matrix, the uniformity may be provided in one dimension

along the longitudinal axis of the matrix.

[0036] In order to operate at a distance of 0.5m with considerations of energy
consumption and slight performance variations of each LED, a lens of about 40° may
be used to ensure predictability of cone projection of light onto the surface. This angle
of 40° allows light to cast in a circular manner for superposition with other light
projections at a distance of 0.5 m. Other lens with different emitting angles may also
be used similarly for different distance of projections. The emitting angle is inversely

proportional to the distance of the light source to the surface of the test bed.

[0037] In an embodiment of the lighting device 100, 50 cool white LEDs and 50
warm white LEDs are arranged to provide a grid/matrix of 10 by 10 LEDs, which
may form a 30cm by 30cm lighting module 100. This module size may be chosen in

consideration of physical convenience and power consumption.



[0038] Fig. 6 shows a lighting device 600 including a plurality of the lighting
modules 100 to form a panel 610 of lighting modules, which may be used for a test
bed with a height of about 3 m. In this exemplary embodiment, 10 of the plurality of
the lighting modules 100 may be stacked vertically to form a column to illuminate the
surface of the test bed. In the horizontal direction, 3 to 4 modules 100 may be
arranged. All these 30 to 40 modules may be mounted onto a frame 620 to form the

lighting device 600 of Fig. 6.

[0039] To illuminate a full size room of about 4m in length or width, 4 of such
panels 610 may be combined horizontally to provide uniform CCT and intensity
illumination on the facade surface or into the room. Further scaling may also be made

to combine various number of panels in various embodiments.

[0040] According to various embodiments above, a lighting device or a daylight
emulator characterized by one or more lighting modules may be provided for
producing a wide range of illuminance levels and providing correlated color
temperature changing capabilities to emulate daylight with a high level of uniformity.
The lighting module includes a plurality of LEDs and lens arranged in a matrix form.
The daylight emulator may reproduce the daylight of various natural scenes according
to a controlling method or system described in various embodiments below, based on
a database of CCT and illuminance of daylight for various natural scenes. The
controlling method or system described in various embodiments below allows
individual, subgroup, or group control of the lighting modules (e.g. lighting module
100) in the daylight emulator (e.g. lighting device 600).

[0041] According to various embodiments above, an arrangement using minimal
types of LEDs is provided to form a lighting device for daylight emulation with
uniform CCT and intensity. According to various embodiments above, a scalable
modular system providing variable sized illumination for small scaled model to full

size test bed is also provided.

[0042] In the above embodiments to alternately arrange warm white LEDs and
cool white LEDs, e.g. as shown in Figs. 1, 4A, 4B and 5, uniformity can be achieved
by superposition of the alternately arranged LEDs. The superposition of alternate

LEDs to achieve uniformity is described in detail below.
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[0043] According to Fraunhofer diffraction pattern of an Airy pattern of a circular

aperture, the intensity at different observation angles is

_ 2J1(kasin 8) 2
1(9)_10( kasin g )

where [, isthe maximum intensity when 8 = 0 rad,

J1 is the first order of Bessel function of the first kind,
k= 2/1—" is the wavenumber, and

a 1is the radius of the aperture.

This equation can be further simpliﬁéd to

0= (22

where
x = kasing

_2magq

- 1R

_mq

AN

where q is the radial distance from the optics axis in the focal plane,

N = 2% is the f-number of the system, and

R 1is the observation distance.

[0044] When a lens is used and when R = /', wherein f is the focal length of the

lens, a normalised Airy Pattern 700 is shown in Fig. 7.

[0045] Focusing on the emitting angle of 40° (£20°), the Airy Pattern 800 from
-0.35 rad to 0.35 rad is shown in Fig. 8.

[0046] Based on a single LED in the center of the lighting module, having an
emitting angle of 40° and at a distance of 0.5 m away from the illuminated surface, a
coverage illuminating circle 910 with a diameter of 18.2 cm will be provided as

shown in Fig. 9. Although the four corners of the rectangular area 920 are not
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illuminated by the central LED, the coverage would be sufficient as it is already

covering more than 80% of the area of the lighting module on the surface.

[0047] Fig. 10 shows a diagram 1000 illustrating the normalized intensity of three
LEDs in a row, and Fig. 11 shows a diagram 1100 illustrating an enlarged view of the

combined intensity of three LEDs in a row according to various embodiments.

[0048] In Fig. 11, it can be seen that uniformity is achieved from -0.03 rad to 0.03
rad. This is the range of observation angles corresponding to a displacement of 3 cm
between the LEDs. When extending a number of LEDs over a plane, a series of
circular illumination will superimpose and produce a uniform illumination in terms of

CCT and intensity.

[0049] With the tessellation nature of the lighting modules, this uniformity can
also be achieved when the lighting modules are scaled up to form a panel in a frame,
e.g. as in Fig. 6. Frames can be lined up to form a planar surface providing uniform
illumination in terms of CCT of 90% and intensity of 80%, as shown in the diagram
1200 of Fig. 12. The daylight emulator of the various embodiments provides a large

effective area 1210 as shown in Fig. 12.

[0050] The lighting device described in various embodiments above is capable of
reproducing both visible spectrum of the sun and its intensity, e.g. according to
various natural scenes as shown in Table 2 below. The size of the lighting device may
be scalable to provide artificial/man-made daylighting on the indoor test bed
according to the four daylight scenarios shown in Table 2. The CCT and illuminance
values in Table 2 are examples for illustration purposes, and it is understood that the
natural scenes with CCT and illuminance values different from those of Table 2 may
also be generated by controlling the LEDs of the lighting device according to the

method described in embodiments below.

Table 2. Four scenarios of daylight

Scenarios CCT (K) Iluminance (Ix)
1 Blue Sky 10,000 40,000
2 Cloudy Sky 7,500 20,000
3 Midday 5,500 40,000
4 Sunrise/Sunset on a clear day 2,400 580
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[0051] Fig. 13 shows a flowchart 1300 illustrating a method for controlling a
lighting device to generate light of a desired natural scene according to various
embodiments. The lighting device includes a plurality of warm white LEDs having a
first intensity range and a plurality of cool white LEDs having a second intensity

range.

[0052] In various embodiments, the lighting device may be the lighting device
100, 310, 410, 420, 500, 600 described in various embodiments above, in which the
warm white LEDs and the cool white LEDs are arranged in a matrix form, and the
warm white LED alternates with the cool white LED along each row and each column
of the matrix. In various embodiments, the plurality of warm white LEDs may have a
correlated color temperature of about 2400K, and the plurality of cool white LEDs
may have a correlated color temperature of about 12000K. In various embodiments,
the plurality of warm white LEDs and the plurality of cool white LEDs may have

other properties or parameters as described in various embodiments above.

[0053] At 1310, each of the first intensity range and the second intensity range is

divided into a predetermined number of intensity levels.

[0054] At 1320, the plurality of warm white LEDs are initialized to a first
intensity level and the plurality of cool white LEDs are initialized to a second
intensity level, wherein the first intensity level and the second intensity level is

determined based on the desired natural scene.

[0055] At 1330, at least one of the intensity level of the warm white LEDs or the
intensity level of the cool white LEDs are iteratively adjusted by at least one level in
each iteration, until the light generated by the lighting device matches a desired

correlated color temperature predetermined for the desired natural scene.

[0056] At 1340, at least one of the intensity level of the warm white LEDs or the
intensity level of the cool white LEDs are iteratively adjusted, until the light generated
by the lighting device matches a desired illuminance predetermined for the desired

natural scene.

[0057] In various embodiments, a range of adjustable intensity levels for the
warm white LEDs may be determined based on the desired natural scene, wherein the

range is from the first intensity level to a third intensity level. The intensity level of

13



the warm white LEDs is adjusted from the first intensity level towards the third
intensity level by at least one level in each iteration, until the light generated by the
lighting device matches the desired correlated color temperature predetermined for the

desired natural scene.

[0058] In further embodiments, if the light generated by the lighting device does
not match the desired correlated color temperature when the intensity level of the
warm white LEDs is adjusted to the third intensity level, a further range of adjustable
intensity levels for the cool white LEDs is determined based on the desired natural
scene. The further range is from the second intensity level to a fourth intensity level.
The intensity level of the warm white LEDs may be set at the third intensity level.
The intensity level of the cool white LEDs may then be adjusted from the second
intensity level towards the fourth intensity level by at least one level in each iteration,
until the light generated by the lighting device matches the desired correlated color

temperature.

[0059] In various embodiments, when it is determined that the light generated by
the lighting device matches the desired correlated color temperature, the current
intensity level of the warm white LEDs and the current intensity level of the cool
white LEDs are recorded. In various embodiments, when it is determined that the
light generated by the lighting device matches the desired illuminance, the current
intensity level of the warm white LEDs and the current intensity level of the cool

white LEDs are recorded.

[0060] According to various embodiments, when it is determined that the light
generated by the lighting device matches the desired correlated color temperature, the
intensity level of the warm white LEDs is adjusted by a first number of levels and the
intensity level of the cool white LEDs is adjusted by a second number of levels in
each iteration, until the light generated by the lighting device matches the desired
illuminance predetermined for the desired natural scene. A ratio of the first number to
the second number is equal to a ratio of a maximum value of the first intensity range

to a maximum value of the second intensity range.

[0061] In further embodiments, the desired illuminance is compared with the

illuminance of the light generated by the lighting device. If it is determined that the

illuminance of the light generated by the lighting device is higher than the desired
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illuminance, the intensity level of the warm white LEDs is decreased by the first
number of levels and the intensity level of the cool white LEDs is decreased by the
second number of levels. Ifit is determined that the illuminance of the light generated
by the lighting device is lower than the desired illuminance, the intensity level of the
warm white LEDs is increased by the first number of levels and the intensity level of

the cool white LEDs is increased by the second number of levels.

[0062] In various embodiments, the desired natural scene includes one of a sunset
scene, a sunrise scene, a blue sky scene, a cloudy day scene, or a mid-day scene. The

method may control the lighting device to generate lights of various natural scenes.

[0063] According to various embodiments, if the desired correlated color
temperature predetermined for the desired natural scene is equal to a correlated color
temperature of the plurality of warm white LEDs, the intensity level of the plurality of
warm white LEDs is initialized to a maximum level of the first intensity range, and
the intensity level of the plurality of cool white LEDs is initialized to a minimum
level of the second intensity range. In an exemplary embodiment, the predetermined
number of intensity levels may range from level 0 to level 255. The intensity level of
the plurality of warm white LEDs may be initialized to level 255, and the intensity
level of the plurality of cool white LEDs may be initialized to level 0. The intensity
level of the warm white LEDs may be iteratively decreased by at least one level in
each iteration, until the light generated by the lighting device matches the desired
illuminance predetermined for the desired natural scene. In various embodiments, the
desired natural scene is a sunset scene or a sunrise scene having the desired correlated
color temperature of about 2400K and having the desired illuminance of about 5801x.
In various embodiments, the warm white LEDs may have a correlated color
temperature of about 2400K, equal to the desired correlated color temperature

predetermined for the sunset scene or the sunrise scene.

[0064] In various embodiments, the predetermined number of intensity levels may
range from level O to level 255. In other embodiments, the predetermined number
may be other numbers, such as 8, 16, 32, 64, 128, 512, 1024 or other suitable

numbers.

[0065] According to various embodiments, the desired natural scene is a blue sky
scene having the desired correlated color temperature of about 10000K and having the
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desired illuminance of about 400001x. The first intensity level may be determined to
be a level corresponding to a minimum intensity of the first intensity range, and the
third intensity level may be determined to be a level corresponding to one fourth of a
maximum intensity of the first intensity range, thereby forming the range of
adjustable intensity levels for the warm white LEDs. The second intensity level may
be determined to be a level corresponding to a maximum intensity of the second
intensity range, and the fourth intensity level may be determined to be a level
corresponding to three fourth of the maximum intensity of the second intensity range,
thereby forming the further range of adjustable intensity levels for the cool white

LEDs.

[0066] In an exemplary embodiment, the predetermined number of intensity
levels may range from level O to level 255. The intensity level of the warm white
LEDs may be initialized to the first intensity level, e.g., level 0, and the intensity level
of the cool white LEDs may be initialized to the second intensity level, e.g., level 255.
A range of adjustable intensity levels from level 0 to level 64 may be determined for
the warm white LEDs. A range of adjustable intensity levels from level 255 to level
192 may be determined for the cool white LEDs. The range of adjustable intensity
levels for the warm white LEDs and the cool white LEDs may be predetermined for
one or more natural scenes. During the iterative adjustment to generate light matching
with the desired CCT or the desired illuminance of the blue sky scene, the intensity
level of the warm white LEDs is adjusted from level 0 towards level 64, and the

intensity level of the cool white LEDs is adjusted from level 255 towards level 192.

[0067] According to various embodiments, the desired natural scene is a cloudy
day scene having the desired correlated color temperature of about 7500K and having
the desired illuminance of about 200001x. The first intensity level may be determined
to be a level corresponding to half of a maximum intensity of the first intensity range,
and the third intensity level may be determined to be a level corresponding to three
eighth of the maximum intensity of the first intensity range, thereby forming the range
of adjustable intensity levels for the warm white LEDs, The second intensity level
may be determined to be a level corresponding to half of a maximum intensity of the
second intensity range, and the fourth intensity level may be determined to be a level

corresponding to five eighth of the maximum intensity of the second intensity range,
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thereby forming the further range of adjustable intensity levels for the cool white
LEDs.

[0068] In an exemplary embodiment, the predetermined number of intensity
levels may range from level 0 to level 255. The intensity levels of the warm white
LEDs and the cool white LEDs may be respectively initialized to the first intensity
level and the second intensity level, e.g., level 128. A range of adjustable intensity
levels from level 128 to level 96 may be determined for the warm white LEDs, and a
range of adjustable intensity levels from level 128 to level 160 may be determined for
the cool white LEDs. The range of adjustable intensity levels for the warm white
LEDs and the cool white LEDs may be predetermined for one or more natural scenes.
During the iterative adjustment to generate light matching with the desired CCT or the
desired illuminance of the cloudy day scene, the intensity level of the warm white
LEDs is adjusted from level 128 towards level 96, and the intensity level of the cool
white LEDs is adjusted from level 128 towards level 160.

[0069] According to various embodiments, the desired natural scene is a mid-day
scene having the desired correlated color temperature of about 5500K and having the
desired illuminance of about 400001x. The first intensity level may be determined to
be a level corresponding to three fourth of a maximum intensity of the first intensity
range, and the third intensity level may be determined to be a level corresponding to
three eighth of the maximum intensity of the first intensity range, thereby forming the
range of adjustable intensity levels for the warm white LEDs. The second intensity
level may be determined to be a level corresponding to a minimum intensity of the
second intensity range, and the fourth intensity level may be determined to be a level
corresponding to half of a maximum intensity of the second intensity range, thereby

forming the further range of adjustable intensity levels for the cool white LEDs.

[0070] In an exemplary embodiment, the predetermined number of intensity
levels may range from level O to level 255. The intensity level of the warm white
LEDs may be initialized to the first intensity level, e.g., level 192, and the intensity
level of the cool white LEDs may be initialized to the second intensity level, e.g.,
level 0. A range of adjustable intensity levels from level 192 to level 96 may be
determined for the warm white LEDs, and a range of adjustable intensity levels from

fevel 0 to level 128 may be determined for the cool white LEDs. The range of
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adjustable intensity levels for the warm white LEDs and the cool white LEDs may be
predetermined for one or more natural scenes. During the iterative adjustment to
generate light matching with the desired CCT or the desired illuminance of the mid-
day scene, the intensity level of the warm white LEDs is adjusted from level 192
towards level 96, and the intensity level of the cool white LEDs is adjusted from level

0 towards level 128.

[0071] In various embodiments, after the lighting device is controlled by adjusting
or calibrating the LEDs to generate the light of the desired natural scene as in various
embodiments above, at least one of the correlated color temperature or the
illuminance of the light generated by the lighting device is periodically or
instantaneously monitored. This is, for example, due to the LEDs which may
deteriorate over time, and the light generated by the lighting device may thus be
changed. If it is monitored that the light generated by the lighting device does not
match at least one of the desired correlated color temperature or the desired
illuminance, adjustment of at least one of the intensity level of the warm ‘white LEDs
or the intensity level of the cool white LEDs as described in various embodiments
above may be repeated. In various embodiments, the method of controlling the
lighting device as described in various embodiments above may be repeated
periodically without monitoring the status of the light generated by the lighting
device. For example, the adjustment or calibration of LEDs of the lighting device

above may be repeated about every 2000 hours of operation of the lighting device.

[0072] Exemplary embodiments of the method for controlling the lighting device
to generate light of various natural scenes, for example, the four scenes in Table 2, are

described in more detail with reference to Figs. 14 to 18.

[0073] In the examples below, there are 256 intensity levels for each type of the
LEDs. As each type of LED has a different maximum intensity, the level for each
LED would be different. In an exemplary embodiment, the first intensity range (e.g.
luminous intensity range) for the warm white LEDs may be from 0 cd to 36855 cd,
and the second intensity range (e.g. luminous intensity range) for the cool white LEDs
may be from 0 cd to 29666cd. Accordingly, the intensity per level for the warm white
LEDs is about 144cd, and the intensity per level for the cool white LEDs is about

116¢d. It is understood that these values for the various parameters are examples for
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illustration purposes, and various other suitable values may be used for the number of
intensity levels, the first intensity range and the second intensity range in various

embodiments.

[0074] The method of various embodiments to tune the LEDs requires some steps
to ensure repeatability and accuracy. The settings of the LEDs are tuned according to

the following methods to achieve the desired CCT and illuminance intensity.

[0075] In Fig. 14, a flowchart 1400 illustrating a method for controlling the
lighting device to generate light of a sunset or sunrise scene is shown. The desired
CCT for the sunset/sunrise scene may be determined to be 2400 K, which is the same
as the CCT of the warm white LEDs. Accordingly, the intensity level of the cool
white LEDs may be initialized to level 0, and the intensity level of the warm white
LEDs may be initialized to the maximal level 255. To match the desired illuminance
of 580 Ix, the intensity level of the warm white LED is reduced level by level, until

the desired illuminance intensity is reached.

[0076] As shown in Fig. 14, upon start at 1401, all LEDs are switched off at 1403.
The cool white LEDs are set to level 0 at 1405, and the warm white LEDs are set to
level 255 at 1407. It is then determined whether the desired illuminance intensity has
been achieved in the generated light at 1409. If no, the intensity level of the warm
white LEDs are decreased by one level at 1411, and the method returns to 1409 to
determine whether the desired illuminance intensity has been achieved. If yes, the
method stops at 1413, and the current warm white levels and cool white levels are

recorded at 1415.

[0077] In Fig. 15, a method for controlling the lighting device to generate light of
a blue sky scene is illustrated in a flowchart 1500. The color temperature for the blue
sky setting is 10,000K which has more cool white component than warm white
component. Accordingly, the range of adjustable intensity levels for the warm white
LEDs is determined to range from level 0 to 64, and the range of adjustable intensity
levels for the cool white LED is determined to range from level 192 to level 256. In
this manner, it is not necessary to adjust or tune the warm white and cool white LEDs

in their entire intensity range to find the mixed resulting light of 10,000 K.

[0078] As shown in Fig. 15, upon start at 1501, all LEDs are switched off at 1503.

The cool white LEDs are set to level 255 at 1505, and the warm white LEDs are set to
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level 0 at 1507. It is then determined whether the desired CCT has been achieved in
the generated light at 1509. If yes, the method stops at 1511, and the current warm
white levels and cool white levels are recorded at 1513. If not, it is determined
whether the intensity level of the warm white LEDs is equal to level 64 at 1515. If the
intensity level of the warm white LEDs is not equal to level 64, the intensity level of
the warm white LEDs is increased by one level at 1517, and the method returns to
1509 to determine whether the desired CCT has been achieved. It not, step 1515
and/or step 1517 will be repeated until the desired CCT has been achieved.

[0079] If the desired CCT has not been achieved when the intensity level of the
warm white LEDs is increased to level 64, it will be determined whether the intensity
level of the cool white LEDs is equal to level 192 at 1519. If not, the intensity level of
the cool white LEDs is decreased by one level at 1521, and the method returns to
1509 to determine whether the desired CCT has been achieved. It the desired CCT has
not been achieved, steps 1515, 1519 and 1521 will be repeated until the desired CCT

has been achieved. The minimum intensity level of the cool white LEDs is level 192.

[0080] In Fig. 16, a method for controlling the lighting device to generate light of
a cloudy day scene is illustrated in a flowchart 1600. As the color temperature of
cloudy day is 7,500 K, the warm white and cool white components are about the
same. Therefore, the levels for cool white and warm white LEDs start off from level
128. As 7,500 K is more towards cool white, the warm white level is decreased while
the cool white is increased to tune to the required color temperature. However, the
level for the warm white LEDs may not be less than 96, and the level for the cool
white LEDs may not be more than 160 for the cloudy day scene. Accordingly, the
range of adjustable intensity levels for the warm white LEDs is determined to range
from level 128 to 96, and the range of adjustable intensity levels for the cool white

LED is determined to range from level 128 to level 160.

[0081] As shown in Fig. 16, upon start at 1601, all LEDs are switched off at 1603.
The cool white LEDs are set to level 128 at 1605, and the warm white LEDs are set to
level 128 at 1607. It is then determined whether the desired CCT has been achieved in
the generated light at 1609. If yes, the method stops at 1611, and the current warm
white levels and cool white levels are recorded at 1613. If not, it is determined

whether the intensity level of the warm white LEDs is equal to level 96 at 1615. If the
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intensity level of the warm white LEDs is not equal to level 96, the intensity level of
the warm white LEDs is decreased by one level at 1617, and the method returns to
1609 to determine whether the desired CCT has been achieved. It not, step 1615
and/or step 1617 will be repeated until the desired CCT has been achieved.

[0082] If the desired CCT has not been achieved when the intensity level of the
warm white LEDs is decreased to level 96, it will be determined whether the intensity
level of the cool white LEDs is equal to level 160 at 1619. If not, the intensity level of
the cool white LEDs is increased by one level at 1621, and the method returns to 1609
to determine whether the desired CCT has been achieved. It the desired CCT has not
been achieved, steps 1615, 1619 and 1621 will be repeated until the desired CCT has

been achieved. The maximum intensity level of the cool white LEDs is level 160.

[0083] In Fig. 17, a method for controlling the lighting device to generate light of
a mid-day scene is illustrated in a flowchart 1700. For mid-day scene, there are more
warm white component than cool white component, and thus the level for warm white
is higher than that of cool white. Accordingly, the range of adjustable intensity levels
for the warm white LEDs is determined to range from level 96 to level 192, and the
range of adjustable intensity levels for the cool white LED is determined to range

from level 0 to level 128.

[0084] As shown in Fig. 17, upon start at 1701, all LEDs are switched off at 1703.
The cool white LEDs are set to level 0 at 1705, and the warm white LEDs are set to
level 192 at 1707. It is then determined whether the desired CCT has been achieved in
the generated light at 1709. If yes, the method stops at 1711, and the current warm
white levels and cool white levels are recorded at 1713. If not, it is determined
whether the intensity level of the warm white LEDs is equal to level 96 at 1715. If the
intensity level of the warm white LEDs is not equal to level 96, the intensity level of
the warm white LEDs is decreased by one level at 1717, and the method returns to
1709 to determine whether the desired CCT has been achieved. It not, step 1715
and/or step 1717 will be repeated until the desired CCT has been achieved.

[0085] If the desired CCT has not been achieved when the intensity level of the

warm white LEDs is decreased to level 96, it will be determined whether the intensity

level of the cool white LEDs is equal to level 128 at 1719. If not, the intensity level of

the cool white LEDs is increased by one level at 1721, and the method returns to 1709
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to determine whether the desired CCT has been achieved. It the desired CCT has not
been achieved, steps 1715, 1719 and 1721 will be repeated until the desired CCT has

been achieved. The maximum intensity level of the cool white LEDs is level 128.

[0086] In the embodiments of Figs. 15-17, if the desired CCT is not achieved
when the warm white level and the cool white level have been adjusted to their
minimum or maximum levels, the method may then stop and may resume after a
predetermined time period, since the LEDs may deteriorate and their intensity level

may then be further adjusted to achieve the desired CCT.

[0087] Figs. 15-17 illustrate the exemplary embodiments that the intensity level of
the warm white LEDs is adjusted first, followed by the adjustment of the cool white
LEDs. In other embodiments of Figs. 15-17, the intensity level of the cool white
LEDs may be adjusted first, followed by the adjustment of the warm white LEDs. In
further embodiments, the intensity levels of the warm white LEDs and the cool white

LEDs may be adjusted simultaneously in each iteration.

[0088] In the sunset/sunrise scene of Fig. 14, the desired CCT matches the color
temperature of the warm white LEDs, and accordingly the intensity levels of the
warm white LEDs is adjusted to acquire the desired illuminance intensity. For other
scenes of Figs. 15-17, the intensity levels of the warm white LEDs and cool white
LEDs may need to be further adjusted to acquire the desired illuminance intensity

after the desired CCT has been achieved.

[0089] As each type of LED has different maximum intensity given the same 256
levels, the intensity of each level is different. Therefore, when the color temperature
has been set, the intensity tuning/adjustment may be carried out according to the ratio
of the maximum intensity values of the warm white and cool white LEDs so that the
color temperature will be kept and would not be affected by the further adjustment. In
this example, the ratio is determined to be 5 : 4 for warm white to cool white LEDs,
since the maximum luminous intensity for the warm white LEDs is selected to be
36855 cd, and the maximum luminous intensity for the cool white LEDs is selected to
be 29666¢d. The further intensity tuning of the warm white LEDs and cool white

LEDs is performed according to this ratio.

[0090] Fig. 18 shows a flowchart 1800 illustrating a method for controlling the

lighting device to generate light of a desired illuminance according to various
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embodiments, for example, after the desired CCT has been achieved according to the

embodiments of Figs. 15-17.

[0091] As shown in Fig. 18, upon start at 1801, the cool white LEDs are set to the
respective scene level at 1805, and the warm white LEDs are set to the respective
scene level at 1807. The respective scene level may be the finally recorded cool white
level and warm white level for the respective scene of Figs. 15-17. In other words, the
further adjustment of intensity levels to achieve the desired illuminance is starting

from the above determined intensity levels which have achieved the desired CCT.

[0092] It is then determined whether the current illuminance of the generated light
is higher than the desired illuminance. If yes, the intensity level of the warm white
LEDs is decreased by 5 levels and the intensity level of the cool white LEDs is
decreased by 4 levels at 1811, according to the above determined ratio of 5:4. If the
current illuminance of the generated light is not higher than the desired illuminance, it
is then determined whether the current illuminance of the generated light is lower than
the desired illuminance at 1813. If not, the method stops at 1817, and the current
warm white levels and cool white levels are recorded at 1819. If the current
illuminance of the generated light is lower than the desired illuminance, the intensity
level of the warm white LEDs is increased by S levels and the intensity level of the
cool white LEDs is increased by 4 levels at 1815. According to the method of Fig. 18,

the illuminance of the desired scene may be achieved.

[0093] Although the intensity level of the warm white LEDs is adjusted by 5
levels and the intensity level of the cool white LEDs is adjusted by 4 levels in each
iteration, it is understood that other number of levels may be adjusted in each
iteration, as long as the intensity levels for the warm white and cool white LEDs are

adjusted proportionally according to the predetermined ratio described above.

[0094] Various embodiments further provide a lighting control system for
controlling a lighting device to generate light of a desired natural scene. The lighting
device may be a lighting device of various embodiments described above, including a
plurality of warm white LEDs having a first intensity range and a plurality of cool
white LEDs having a second intensity range. The warm white LEDs and the cool
white LEDs may be arranged alternately in a matrix form according to various

embodiments above.
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[0095] Fig. 19 shows the lighting control system 1900 according to various

embodiments.

[0096] The lighting control system 1900 may include at least one sensor 1910
configured to detect at least one of a correlated color temperature or an illuminance of

the light generated by the lighting device.

[0097] The lighting control system 1900 may further include at least one
controller 1920 configured to control the lighting device according to the controlling
method of various embodiments above. The controlling method described in various

embodiments above is analogously valid for the controller, and vice versa.

[0098] The at least one controller 1920 may be configured to divide each of the
first intensity range and the second intensity range into a predetermined number of
intensity levels; and to initialize the plurality of warm white LEDs to a first intensity
level and initialize the plurality of cool white LEDs to a second intensity level. The at
least one controller 1920 may determine the first intensity level and the second
intensity level based on the desired natural scene, for example, as described in Figs.

14-17 above.

[0099] The at least one controller 1920 may be configured to iteratively adjust at
least one of the intensity level of the warm white LEDs or the intensity level of the
cool white LEDs by at least one level in each iteration, until the light generated by the
lighting device matches a desired correlated color temperature predetermined for the
desired natural scene. For example, the intensity level of the warm white LEDs may
be adjusted, followed by the adjustment of the cool white LEDs as in the
embodiments of Figs. 15-17, until the light of the desired CCT is generated.

[00100] The at least one controller 1920 may be further configured to iteratively
adjust at least one of the intensity level of the warm white LEDs or the intensity level
of the cool white LEDs, until the light generated by the lighting device matches a
desired illuminance predetermined for the desired natural scene. For example, at least
one of the intensity level of the warm white LEDs or the intensity level of the cool

white LEDs may be adjusted according to the embodiments of Figs. 14-17.

[00101] Analogue controlling method and system uses variable input voltages and

current to control the intensity of the light sources. The analogue method and system
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may not be suitable for a larger scale lighting device, as voltage and current signals

suffer from degradation and noise susceptibility over long distances.

[00102] In various embodiments, the lighting control system 1900 may be a digital
lighting control system, e.g. one of a DMX512 (Digital Multiplex) system, a DALI
(Digital Addressable Lighting Interface) based system, a DSI (Digital Serial Interface)
based system, a KNX based system, or any other suitable digital lighting control
system. The digital lighting control system of various embodiments may be used to

control a large scale lighting device.

[00103] Fig. 20 illustrates a DMX512 lighting control system 2000 according to

various embodiments.

[00104] In this embodiment, DMX512 is used to control the lighting device. This
digital protocol typically used for stage lighting is suitable for the lighting device of
various embodiments, as it is designed for stage lighting over an extended area. With
the large size of the lighting device, e.g. in a panel 310 of 3m in height and 10m in
width as shown in Fig. 3, DMX512 is sufficient for control without suffering from
long distance signal attenuation and noise interference. In the embodiments of Fig. 20,
a plurality of lighting modules 2010 may be combined in a panel to form the larger
size lighting device, where in each lighting module 2010 may be the lighting device
100, 500 described in Figs. 1 and 5 above.

[00105] Another advantage of DMX512 is the individual addressability of the LED
drivers. In the lighting control system 2000, each LED of the various lighting modules
2010 may be controlled individually. In various embodiments, each lighting module
2010 may be connected to two channels of a DMX512 driver 2020. One driver
channel may be used to control all warm white LEDs, while another driver channel
would be used to control all cool white LEDs in the lighting module 2010. In another
embodiment, two DMX512 drivers each having one channel may be connected to
each lighting module 2010, such that one driver is configured to control all warm
white LEDs and the other driver is configured to all cool white LEDs. With this
arrangement, each lighting module 2010 may be independently controlled to
reproduce the entire desired CCT range from 2,400 K to 10,000 K while maintaining
the designed illuminance intensity of 0 to 40,000 Ix.
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[00106] The lighting control system 2000 may include a DMX512 master
controller 2030 configured to control the plurality of DMX512 driver 2020, a server
2040 connected to the DM X512 master controller 2030.

[00107] In an exemplary embodiments, 50 cool white LEDs and 50 warm white
LEDs are arranged to provide a grid/matrix of 10 by 10 LEDs in the lighting module
2010, which may form a 30cm by 30cm lighting module. With each LED consuming
a maximum of 3W of power, a lighting module of 100 LEDs may consume a
maximum of 300W. This amount of power is about the combined output power of
two DMX512 drivers with one channel each, or the power of a single DMX512 driver

with more than one channel.

[00108] Having each module 2010 driven by its own set of DMX512 driver 2020, a
single lighting module can be controlled independently. In other embodiments, two or
more lighting modules may be combined, as the master controller 2030 may operate

up to 512 devices.

[00109] The lighting device, lighting control method and lighting control system
described in various embodiments above have potential applications in research labs,
product development (e.g., car, consumer electronics, etc), specified space (e.g.,
underground, aircraft), task lamp patch (e.g. 30 cm x 30 cm) for desktop, alarm (audio

and visual), etc.

[00110] While the invention has been particularly shown and described with
reference to specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without departing from
the spirit and scope of the invention as defined by the appended claims. The scope of
the invention is thus indicated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims are therefore intended to

be embraced.
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Claims

What is claimed is:

1. A method for controlling a lighting device to generate light of a desired
natural scene, the lighting device comprising a plurality of warm white LEDs
having a first intensity range and a plurality of cool white LEDs having a

second intensity range, the method comprising:

dividing each of the first intensity range and the second intensity range into a

predetermined number of intensity levels;

initializing the plurality of warm white LEDs to a first intensity level and
initializing the plurality of cool white LEDs to a second intensity level, the
first intensity level and the second intensity level being determined based on

the desired natural scene;

iteratively adjusting at least one of the intensity level of the warm white LEDs
or the intensity level of the cool white LEDs by at least one level in each
iteration, until the light generated by the lighting device matches a desired

correlated color temperature predetermined for the desired natural scene; and

iteratively adjusting at least one of the intensity level of the warm white LEDs
or the intensity level of the cool white LEDs, until the light generated by the
lighting device matches a desired illuminance predetermined for the desired

natural scene.

2. The method of claim 1, further comprising:

determining a range of adjustable intensity levels for the warm white LEDs
based on the desired natural scene, the range being from the first intensity

level to a third intensity level, and

iteratively adjusting the intensity level of the warm white LEDs from the first

intensity level towards the third intensity level by at least one level in each

27



iteration, until the light generated by the lighting device matches the desired

correlated color temperature predetermined for the desired natural scene.

The method of claim 2, further comprising:

if the light generated by the lighting device does not match the desired
correlated color temperature when the intensity level of the warm white LEDs

is adjusted to the third intensity level,

determining a further range of adjustable intensity levels for the cool white
LEDs based on the desired natural scene, the further range being from the

second intensity level to a fourth intensity level, and

iteratively adjusting the intensity level of the cool white LEDs from the second
intensity level towards the fourth intensity level by at least one level in each
iteration, until the light generated by the lighting device matches the desired

correlated color temperature.

The method of claim 1, further comprising:

when it is determined that the light generated by the lighting device matches at
least one of the desired correlated color temperature or the desired
illuminance, recording the current intensity level of the warm white LEDs and

the current intensity level of the cool white LEDs.

The method of claim 1, further comprising:

when it is determined that the light generated by the lighting device matches

the desired correlated color temperature,

adjusting the intensity level of the warm white LEDs by a first number of
levels and adjusting the intensity level of the cool white LEDs by a second
number of levels in each iteration, until the light generated by the lighting
device matches the desired illuminance predetermined for the desired natural

scene;
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wherein a ratio of the first number to the second number is equal to a ratio of a
maximum value of the first intensity range to a maximum value of the second

intensity range.

The method of claim 5, further comprising:

comparing the desired illuminance with the illuminance of the light generated
by the lighting device;

if it is determined that the illuminance of the light generated by the lighting
device is higher than the desired illuminance, decreasing the intensity level of

the warm white LEDs by the first number of levels and decreasing the

intensity level of the cool white LEDs by the second number of levels, or

if it is determined that the illuminance of the light generated by the lighting
device is lower than the desired illuminance, increasing the intensity level of
the warm white LEDs by the first number of levels and increasing the intensity

level of the cool white LEDs by the second number of levels.

The method of claim 1, wherein the desired natural scene comprises one of a
sunset scene, a sunrise scene, a blue sky scene, a cloudy day scene, or a mid-

day scene.

The method of claim 1, further comprising:

if the desired correlated color temperature predetermined for the desired
natural scene is equal to a correlated color temperature of the plurality of

warm white LEDs,

initializing the intensity level of the plurality of warm white LEDs to a

maximum level of the first intensity range, and

initializing the intensity level of the plurality of cool white LEDs to a

minimum level of the second intensity range.
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10.

11.

12.

13.

The method of claim 8, further comprising:

iteratively decreasing the intensity level of the warm white LEDs by at least
one level in each iteration, until the light generated by the lighting device

matches the desired illuminance predetermined for the desired natural scene.

The method of claim 8, wherein the desired natural scene is a sunset scene or a
sunrise scene having the desired correlated color temperature of about 2400K

and having the desired illuminance of about 5801x.

The method of claim 3, wherein the desired natural scene is a blue sky scene
having the desired correlated color temperature of about 10000K and having

the desired illuminance of about 400001x.

The method of claim 11, comprising:

determining the first intensity level to be a level corresponding to a minimum

intensity of the first intensity range,

determining the third intensity level to be a level corresponding to one fourth
of a maximum intensity of the first intensity range, thereby forming the range

of adjustable intensity levels for the warm white LEDs,

determining the second intensity level to be a level corresponding to a

maximum intensity of the second intensity range,

determining the fourth intensity level to be a level corresponding to three
fourth of the maximum intensity of the second intensity range, thereby
forming the further range of adjustable intensity levels for the cool white

LEDs.

The method of claim 3, wherein the desired natural scene is a cloudy day
scene having the desired correlated color temperature of about 7500K and

having the desired illuminance of about 200001x.
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14.

15.

16.

The method of claim 13, comprising:

determining the first intensity level to be a level corresponding to half of a

maximum intensity of the first intensity range,

determining the third intensity level to be a level corresponding to three eighth
of the maximum intensity of the first intensity range, thereby forming the

range of adjustable intensity levels for the warm white LEDs,

determining the second intensity level to be a level corresponding to half of a

maximum intensity of the second intensity range,

determining the fourth intensity level to be a level corresponding to five eighth
of the maximum intensity of the second intensity range, thereby forming the

further range of adjustable intensity levels for the cool white LEDs.

The method of claim 3, wherein the desired natural scene is a mid-day scene
having the desired correlated color temperature of about 5500K and having the

desired illuminance of about 400001x.

The method of claim 15, comprising:

determining the first intensity level to be a level corresponding to three fourth

of a maximum intensity of the first intensity range,

determining the third intensity level to be a level corresponding to three eighth
of the maximum intensity of the first intensity range, thereby forming the

range of adjustable intensity levels for the warm white LEDs,

determining the second intensity level to be a level corresponding to a

minimum intensity of the second intensity range,

determining the fourth intensity level to be a level corresponding to half of a
maximum intensity of the second intensity range, thereby forming the further

range of adjustable intensity levels for the cool white LEDs.

31



17.

18.

19.

The method of claim 1, further comprising:

after the lighting device is controlled to generate the light of the desired

natural scene,

periodically or instantaneously monitoring at least one of the correlated color
temperature or the illuminance of the light generated by the lighting device,

and

repeating adjusting at least one of the intensity level of the warm white LEDs
or the intensity level of the cool white LEDs, if it is monitored that the light
generated by the lighting device does not match at least one of the desired

correlated color temperature or the desired illuminance.

The method of claim 1, wherein the plurality of warm white LEDs and the
plurality of cool white LEDs are arranged in a matrix form, wherein the warm
white LED alternates with the cool white LED along each row and each

column of the matrix.

A lighting control system for controlling a lighting device to generate light of
a desired natural scene, the lighting device comprising a plurality of warm
white LEDs having a first intensity range and a plurality of cool white LEDs

having a second intensity range, the system comprising:

at least one sensor configured to detect at least one of a correlated color
temperature or an illuminance of the light generated by the lighting device;

and

at least one controller configured to control the lighting device, the at least one

controller being configured to:

divide each of the first intensity range and the second intensity range

into a predetermined number of intensity levels;

initialize the plurality of warm white LEDs to a first intensity level and

initialize the plurality of cool white LEDs to a second intensity level,
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20.

the first intensity level and the second intensity level being determined

based on the desired natural scene;

iteratively adjust at least one of the intensity level of the warm white
LEDs or the intensity level of the cool white LEDs by at least one level
in each iteration, until the light generated by the lighting device
matches a desired correlated color temperature predetermined for the

desired natural scene; and

iteratively adjust at least one of the intensity level of the warm white
LEDs or the intensity level of the cool white LEDs, until the light
generated by the lighting device matches a desired illuminance

predetermined for the desired natural scene.

A lighting device, comprising:

a plurality of warm white LEDs and a plurality of cool white LEDs arranged

in a matrix form,

wherein the warm white LED alternates with the cool white LED along each

row and each column of the matrix.
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