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BRIGHTNESS

(57)  Anillumination system and method is provided
for readily mapping a plurality of scenes along a dimcurve
form a natural show for one or more groups of LED illu-
mination devices. Mapping can be performed using a
graphical user interface on a remote controller wirelessly
linked to the illumination devices. A keypad is preferably
configured for button control of changes to color temper-
ature as a function of brightness along each of the various
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ILLUMINATION SYSTEM FOR CONTROLLING COLOR TEMPERATURE AS A FUNCTION OF

dimcurves for each of the various groups of illumination

devices controlled by a corresponding keypad to allow
momentary or persistent override and reprogram of the
natural show. Modification to a scene further comprises
modifications to scenes before and after the currently
modified scene to provide a smoothing dimcurve modi-
fication.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to illumination devices
comprising light emitting diodes (LEDs), and also key-
pads that can selectively control zone, scene and show
illumination among the LED illumination devices ar-
ranged among a structure based on changes to correlat-
ed color temperature (CCT) as a function of different dim-
curves and brightnesses.

2. Description of the Relevant Art

[0002] The following descriptions and examples are
provided as background only and are intended to reveal
information that is believed to be of possible relevance
to the present invention. No admission is necessarily in-
tended, or should be construed, that any of the following
information constitutes prior art impacting the patentable
character of the subject matter claimed herein.

[0003] lllumination devices, sometimes referred to as
lighting fixtures, luminaries or lamps include incandes-
cent illumination devices, fluorescent illumination devic-
es and the increasingly popular LED illumination devices.
LED illumination devices provide a number of advantag-
es over traditional illumination devices, such as incan-
descent and fluorescent lighting fixtures. LED illumina-
tion devices have lower power consumption, longer life-
time, are constructed of minimal hazardous materials,
and can be color tuned for different applications. For ex-
ample, LED illumination devices provide an opportunity
to adjust the chromaticity from red, to blue, to green, etc.,
or the correlated color temperature (alternatively referred
to simply as "color temperature"), from warm white, to
cool white, etc.

[0004] An LED illumination device can combine a
number of differently colored emission LEDs into a single
package. An example of a multi-color LED illumination
device is one in which two or more different chromaticity
of LEDs are combined within the same package to pro-
duce white or near-white light. There are many different
types of white light LED illumination devices on the mar-
ket, some of which combine red, green and blue (RGB)
LEDs, red, green, blue and yellow (RGBY) LEDs, phos-
phor-converted white and red (WR) LEDs, RGBW LEDs,
etc. By combining different chromaticity colors of LEDs
within the same package, and driving the differently color-
ed LEDs coated with or made of different semiconductor
material, and with different drive currents, these illumi-
nation devices can mix their chromaticity output and
thereby generate white or near-white light within a wide
gamut of CCTs (color temperatures) ranging from warm
white (e.g., 2600K-3700K), to neutral white (e.g., 3700K-
5000K) to cool white (e.g., 5000K-6000K, or daylight
(e.g., 6000K-8300K). Some multi-colored LED illumina-
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tion devices also enable the brightness of the LED illu-
mination device to be changed to a particular set point.
These tunable LED illumination devices should all pro-
duce the same color and color rendering index (CRI)
when set to a particular brightness and chromaticity on
a standardized chromaticity diagram.

[0005] A chromaticity diagram maps the gamut of
colors the human eye can perceive in terms of chroma-
ticity coordinates and spectral wavelengths. The spectral
wavelengths of all saturated colors are distributed around
the edge of an outlined space (called the "gamut" of hu-
man vision), which encompasses all of the hues per-
ceived by the human eye. In the 1931 CIE Chromaticity
diagram shown in Fig. 1, colors within the gamut 10 of
human vision are mapped in terms of x/y chromaticity
coordinates. The chromaticity coordinates, or color
points, that lie along the blackbody locus, or curve, 12
obey Planck’s equation, E(A)=A)\-5(e(B/T)-1). Color points
that lie on or near the blackbody curve 12 provide arange
of white or near-white light with color temperatures rang-
ing between approximately 2000K and 10,000K. These
color temperatures are typically achieved by mixing light
from two or more differently colored LEDs within the LED
illumination device. For example, light emitted from RGB
LEDs may be mixed to produce a substantially white light
with a color temperature in the range of about 2300K to
about 6000K. Although an illumination device is typically
configured to produce a range of white or near-white color
temperatures arranged along the blackbody curve 12
(e.g., about 2300K to 6000K), some illumination devices
may be configured to produce any color within the color
gamut triangle formed by the individual LEDs.

[0006] At least part of the blackbody curve 12 is often-
times referred to as the "daytime locus" corresponding
to the Kelvin scale of color temperatures of daytime.
When implementing the daytime locus, it is desirable to
emulate daytime color temperatures. Proper daytime
emulation requires that target color temperatures in-
crease after sunrise to noon local time, and thereafter
decrease after noon to sunset. ltis further desirable that
the LED illumination devices arranged in various zones
throughout the structure can thereafter appear as having
the same target color temperature as that of the natural
changes in the sun orientation to that structure. If emu-
lation is needed for more than one zone, then one or
more zones can be grouped into a scene. A scene is
therefore made up of an illumination output from a group
of LED illumination devices arranged throughout a struc-
ture as one or more zones. It is desirable that either the
LED illumination devices within a zone or within one or
more zones of a scene have the same illumination output
at a particular time. Thus a scene containing a plurality
of LED illumination devices desirably has the same
brightness and color temperature at a particular moment
in time and thus is static for that particular scene. By its
nature, a scene is static in terms of the illumination output
(color temperature and brightness) for a period of time.
Changing from one static scene to another scene to form
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different illumination outputs among a plurality of illumi-
nation devices within one or more zones forms what is
known as a show. There may be other LED illumination
devices within another scene throughout the structure
that can have a different brightness and/or color temper-
ature. For example, the illumination devices within a first
scene can have a first brightness and/or color tempera-
ture, and the illumination devices within a second scene
can have a second brightness and/or color temperature.
The first scene can be a first illumination output from
among a first group of illumination devices, whereas the
second scene can be a second illumination output from
among the same group of illumination devices, or from
a different group of illumination devices.

[0007] It would be desirable to control each scene
throughout the structure with a keypad. Buttons on the
keypad can be dedicated to change the brightness and/or
color temperature of a grouped scene of LED illumination
devices. By depressing possibly a single button, the
brightness and/or color temperature of a grouped plural-
ity of illumination devices that form a scene can change
from a first static illumination output to a second static
illumination output until such time as the button is de-
pressed again to make further illumination output chang-
es.

[0008] It would also be desirable to automatically
change at various times of day the static illumination out-
put of the grouped scene of LED illumination devices.
The change can occur by depressing buttons on the key-
pad at various times of day to change from one static
output to another, or the change can occur automatically
and at pre-defined, periodic intervals without any user
intervention. The automatic, periodic changes to the illu-
mination output of a grouped scene of LED illumination
devices to another illumination output of the grouped
scene forms a show. It would be desirable to map the
different brightness and/or color temperature outputs
from the grouped scene of LED illumination devices on
a dimcurve, and to periodically change at least a portion
of the dimcurve using buttons on the keypad. As a dim-
curve changes from, for example, a first dimcurve to a
second dimcurve, the grouped scene of LED illumination
devices can change from one show along the first dim-
curve to another show along the second dimcurve.
[0009] Although the term "scene" references at least
one zone containing a plurality of LED illumination de-
vices, scene hereinafter also references the illumination
output from the at least one zone and that output com-
prises a brightness and color temperature from the at
least one zone at a particular point in time and that ex-
tends for a period of time until another scene having a
different illumination output is produced. Thus, a series
of scenes along a dimcurve, each possibly having differ-
ent brightness and color temperature values, comprise
the dynamically changing scenes that form a show. A
scene therefore represents not only one or more zones,
but also a static brightness and color temperature output
from the zones that, when automatically changed
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throughout the day, forms a show.

[0010] Itis desirable that the target color temperatures
needed to emulate the natural changes in the sun orien-
tation to a structure containing LED illumination devices
change not only as a function of brightness but also as
a function of the time of day. The changes in color tem-
peratures as afunction of brightness and time of day form
different dimcurves that at emulated sunrise, for exam-
ple, the LED illumination devices can produce
2300-2700K predominant emulated red with some yellow
sunrise sky, at noontime 5000-6500K predominant em-
ulated blue noontime sky, and again at 2300-2700 pre-
dominant emulated red sunset sky - similar to the differ-
ences between warm white, daytime/cool white, and
back to warm white.

[0011] A need therefore exists in grouping LED illumi-
nation devices within one or more zones of a structure
to form a scene, and to statically change the illumination
output of the LED illumination devices of that grouped
scene of illumination devices from one scene illumination
output to another (i.e., from a first brightness and/or first
color temperature of a first scene of the grouped scene
of LED illumination devices to a second brightness and/or
second color temperature of a second scene of the same
grouped scene of LED illumination devices). A need also
exists in forming a series of scenes (albeit the same plu-
rality of LED illumination devices within the scene but
with different brightness and/or color temperatures)
along a dimcurve and to dynamically change the bright-
ness and color temperature illumination output along the
dimcurve to create a new dimcurve, and to map the color
temperature and brightness values of the series of
scenes for each dimcurve. A scene can be assigned to
a particular time of day along a given dimcurve, with other
scenes having different color temperature and brightness
values assigned to other times of day. A further need
exists for assigning the scenes, each having a mapped
color temperature and brightness value, to various times
of day to form a show. If the mapping is performed so
that the color temperature emulates the daytime locus,
the desired show becomes a natural show that will auto-
matically change the color temperature output of the LED
illumination devices within a scene at a particular time of
day, and among a series of scenes throughout the day,
along a dimcurve that relates to the daytime locus. A
need further exists to control changes to color tempera-
ture output from a zone or a scene, and to control the
natural show by momentarily, permanently or persistent-
ly changing, in a smooth and non-disjointed fashion, the
natural show among scenes a various times of day using
one or more buttons on a single keypad, such as a global
keypad.

SUMMARY OF THE INVENTION

[0012] An illumination system and method is provided
for controlling color temperature as a function of bright-
ness. The predominant feature of an LED illumination
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device can be the color temperature and brightness out-
put therefrom. Various forms of white are needed
throughout the day to form a natural show along a dim-
curve. The natural show, and specifically the color tem-
perature as a function of brightness, can change to em-
ulate the position of the sun to the structure and, more
particularly, the outside daytime and nighttime natural
sunlight condition. An override or change to the natural
show can be momentary, persistent, or permanent.
[0013] One mechanism in which to achieve color tem-
perature control as a function of brightness is through
use of a keypad that is communicatively linked to a plu-
rality of LED illumination devices arranged about a struc-
ture. The plurality of ilumination devices can be grouped
into one or more zones within that structure, and one or
more zones can be grouped to form a scene. According
to one embodiment, a single keypad can control one or
more zones of illumination devices that are wire or wire-
lessly coupled to the keypad. The keypad can control the
color temperatures or brightness values associated with
each zone, similarly. The keypad can also control a scene
of one or more zones of illumination devices, similarly.
Control of the zone or scene can occur by depressing a
button on the keypad to statically change the brightness
or color temperature from one state to another. The
change can remain until the button is depressed again.
Thus, the zone or scene can be statically controlled each
time a button is depressed, until a button is depressed
again.

[0014] A zone or scene can be statically controlled at
specific times of day. As a series of scenes with the same
plurality of LED illumination devices, but with different
brightness and color temperatures, are mapped along a
dimcurve to form a show, one or more of the scenes (and
specifically the brightness and color temperatures of a
grouped scene of illumination devices) can change in
color temperature as a function of brightness and time
of day. Automatic and periodic changes to static illumi-
nation outputs of the same group of illumination devices
can form multiple scenes with different outputs along a
dimcurve. If used to emulate daytime sunlight conditions,
amapped dimcurve will produce an increasing color tem-
perature of the same plurality of illumination devices ar-
ranged within a scene, and hereinafter is referred to as
a series of scenes with increasing color temperatures:
scene A is a first scene of illumination devices at a rela-
tively low color temperature, increasing to scene B of the
first scene of illumination devices at a relatively higher
color temperature, increasing further to scene B of the
first scene of illumination devices at an even higher color
temperature, etc. Even though scene A, scene B, scene
C, etc. is the same scene in terms of the group of LED
illumination devices being controlled, the color tempera-
ture as a function of brightness for that group changes
throughout the day so as to form different scenes since
color temperature can change nonetheless among the
same scene or group of illumination devices. According-
ly, a scene not only can represent the same one or more
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zones (i.e., group of illumination devices) a scene also
represents the illumination output of the group of illumi-
nation devices as color temperatures in relation to bright-
ness and at different times of day to form a dimcurve
having a sequence of scenes albeit from the same group
of illumination devices.

[0015] According to one embodiment, for example, a
sunrise illumination scene can be one that produces a
color temperature used to emulate sunrise condition at
a specific time of day, such as an hour after sunrise. A
sunset scene, on the other hand, can be a scene possibly
of the same group of illumination devices but has a color
temperature output used to emulate sunset conditions
and thus is specific to, for example, an hour before sun-
set.

[0016] A keypad arranged among the structure is com-
municatively coupled to a plurality of LED illumination
devices, and the keypad preferably includes a plurality
of buttons arranged upon the keypad. A first of the plu-
rality of the buttons can be coupled to adjust brightness
of the plurality of illumination devices within only the first
zone, whereas a second of the plurality of buttons can
be coupled to adjust brightness of the plurality of illumi-
nation devices within the illumination scene. The illumi-
nation scene can comprise the first zone, and preferably
is a static illumination output of brightness and color tem-
perature. That static output can be adjusted in terms of
either color temperature or brightness, or both. As noted
above, the static, yet modifiable color temperature and/or
brightness values output from a particular illumination
scene can be changed upon activation of one or more
buttons on the keypad. Also, a series of scenes with dif-
ferent, yet each having static illumination output can be
dynamically changed by stringing together over the day-
time and nighttime hours and mapping the strung-togeth-
er scenes to a dimcurve to form a show. That mapped
dimcurve forms the natural show if the color temperatures
along the dimcurve are targeted to emulate the outside
daytime illumination by the sun or, during nighttime, by
the absence of the sun. A third of the plurality of buttons
can be coupled to enable the natural show by automat-
ically and periodically changing color temperature as a
function of brightness of the plurality of LED illumination
devices within the illumination scene over a plurality of
differing times of day.

[0017] According to another embodiment, the first of
the plurality of buttons further comprises a pair of first
buttons. A first of the pair of first buttons is coupled to
turn on and increase brightness of the plurality of LED
illumination devices within only the first zone. A second
of the pair of first buttons is coupled to turn off and de-
crease brightness of the plurality of illumination devices
within only the first zone. The second of the plurality of
buttons can further comprise a pair of second buttons. A
first of the pair of second buttons is coupled to turn on
and increase brightness of the plurality of illumination
devices within the illumination scene. A second of the
pair of second buttons is coupled to turn off and decrease
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brightness of the plurality of illumination devices within
the illumination scene.

[0018] According to yet another embodiment, the
fourth of the plurality of buttons further comprises a pair
of fourth buttons. A first of the pair of fourth buttons is
coupled to turn on and increase color temperature of the
plurality of LED illumination devices within the illumina-
tion scene. A second of the pair of fourth buttons is cou-
pled to turn off and decrease color temperature of the
plurality of LED illumination devices within the illumina-
tion scene. The fifth of the plurality of buttons further com-
prises a pair of fifth buttons. A first of the pair of fifth
buttons is coupled to turn on and increase brightness of
the plurality of LED illumination devices within only the
second zone. A second of the pair of fifth buttons is cou-
pled to turn off and decrease brightness of the plurality
of LED illumination devices within only the second zone.
[0019] The illumination system, in addition to LED illu-
mination devices and akeypad, can alsoinclude aremote
controller having a graphical user interface (GUI). For
example, programming control of a first and second plu-
rality of LED illumination devices assigned to a keypad
occurs through use of the remote controller and specifi-
cally the GUI of the remote controller. The GUI rendered
on a screen of the remote controller is remote from yet
wirelessly coupled to the first and second plurality of il-
lumination devices as well as the keypad. On the GUI, a
user can assign the first plurality of illumination devices
to a first zone and the second plurality of illumination
devices to a second zone. On the GUI, a plurality of
scenes can also be created, each having possibly a
unique brightness and color temperature. Each of the
plurality of scenes can be created to control the color
temperature as a function of brightness and time of day
for the first and second plurality of illumination devices.
Also on the GUI, a timed sequence of scenes can be
grouped from among a plurality of scenes to form the
natural show. The natural show extends along a first dim-
curve having the highest color temperature substantially
near a midpoint in time between sunrise and sunset.
[0020] Brightness can be changed among the first plu-
rality of illumination devices within the first zone and
among the second plurality of illumination devices within
the second zone by depressing a first of the plurality of
buttons on a first portion of the keypad and a fifth of the
plurality of buttons on a second portion of the keypad,
respectively. The natural show can also be changed to
be along a second dimcurve having less brightness than
the first dimcurve throughout the timed sequence of
scenes at a color temperature among the firstand second
plurality of illumination devices that changes differently
along the second dimcurve than the first dimcurve.
[0021] Accordingtoone embodiment, the natural show
can be permanently changed to be along the second dim-
curve by changing brightness among the first and second
plurality of illumination devices for at least one scene
among the time sequence of scenes by depressing the
second of the plurality of buttons on a first portion and
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by thereafter depressing a third of the plurality of buttons
on the first portion for a pre-determined amount of time.
The natural show can be persistently changed for a time-
out period by changing the brightness among the first
and second plurality of illumination devices for at least
one scene among the timed sequence of scenes by de-
pressing the second of the plurality of buttons on the first
portion and automatically, without user intervention,
changing brightness among the first and second plurality
of illumination devices back to the first dimcurve after a
timeout has expired.

[0022] The natural show can also be changed to be
along a second dimcurve having less brightness and less
color temperature than the first dimcurve among the first
and second plurality of illumination devices during the
time sequence of scenes. Yet the amount of said less
color temperature is dependent upon the time of day as
afunction of the amount of said less brightness. The nat-
ural show can then be permanently changed to be along
the second dimcurve by changing brightness or color
temperature among the first and second plurality of illu-
mination devices for at least one scene among the timed
sequence of scenes by depressing the second of the
plurality of buttons on the first portion or the fourth of the
plurality of buttons on the first portion, respectively, and
thereafter depressing a third of the plurality of buttons on
the first portion for a pre-determined amount of time. The
natural show can also be persistently changed by chang-
ing brightness and color temperature among the firstand
second plurality of illumination devices for at least one
scene among the timed sequence of scenes by depress-
ing the second of the plurality of buttons on the first por-
tion. Brightness and color temperature can be automat-
ically changed among the first and second plurality of
illumination devices back to the first dimcurve without
user intervention after a timeout has expired.

[0023] According to yet another embodiment, the illu-
mination system can be implemented using a global key-
pad. Multiple groups of LED illumination devices can be
arranged among respective multiple zones throughout
the structure. A singular, global keypad used to control
all of the LED illumination devices among the structure
is communicatively coupled to the multiple groups of il-
lumination devices and can include a plurality of buttons
arranged upon the global keypad. At least one of the
plurality of buttons can enable a panic show to turn on
and off in automatic, periodic succession select ones of
the multiple groups of illumination devices.

[0024] In addition to, or as an alternative to, turning on
and off in automatic, periodic succession multiple groups
ofillumination devices, the global keypad can also enable
the panic show to change color in select ones of the mul-
tiple groups of illumination devices when an intruder is
detected within the structure or within a pre-defined dis-
tance of the structure. The changed color can be, for
example, a white to a red color to indicate presence of
the intruder.

[0025] The singular, global keypad can therefore be
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implemented in a method for illuminating a structure. The
method can comprise emitting light from multiple groups
of LED illumination devices within and proximate to a
structure. A button can be depressed on the singular,
global keypad to activate the away mode of operation.
Once an intruder is detected within, or within a pre-de-
fined distance of, the structure, the panic show is initiated
among select ones of the multiple groups of illumination
devices. The light emitted before the panic show can, for
example, be a natural show that automatically and peri-
odically changes color temperature as a function of
brightness at a different time of day. When the intruder
is detected, the natural show discontinues, and the panic
show of periodic on/off illumination or change of color will
be initiated.

[0026] An important aspect of the control of various
scenes begins by mapping various natural shows among
a plurality of illumination scenes. A series of illumination
scenes, each having different color temperatures as a
function of brightness and time of day forms a continuous
dimcurve from sunrise to sunset, and even beyond sun-
set into nighttime. According to one embodiment, it is
beneficial to map multiple natural shows, or multiple dim-
curves, each having a plurality of illumination scenes,
and each scene on each dimcurve having a unique color
temperature as a function of brightness that is different
from other scenes on that dimcurve. Thus, the color tem-
perature of all illumination devices is designed to change
with brightness and time of day. However, the amount of
change depends on the color temperature at full bright-
ness. The changing color temperature at full brightness
can be along afirstdimcurve, and as brightness decreas-
es, a second, followed by a third, etc. dimcurve is formed.
As brightness decreases, the subsequent dimcurves
(second dimcurve, third dimcurve, etc.) illustrate that as
a plurality of illumination devices associated with the
scene produce 2700K at full brightness, the same plu-
rality of LED illumination devices will produce a signifi-
cantly lower color temperature at lower brightness val-
ues. Meanwhile, the plurality of illumination devices pro-
ducing 5000K at full brightness will produce only a slightly
lower color temperature atlower brightness values. Thus,
the dimcurves, and specifically the change in color tem-
perature is a function not only of full brightness but bright-
ness in general. Color temperature is also relative to the
time of day, so that each dimcurve at different brightness
values, at full brightness and below, will have a differing
mapped shape.

[0027] The mapping of color temperature at full bright-
ness to form, for example, the first dimcurve, and the
mapping of color temperature at lower brightness values
to form the second dimcurve, third dimcurve, etc., is fixed
during the mapping, or provisioning process. The map-
ping, or provisioning process, occurs via the GUI and
subsequent storage of the produced dimcurves within
the plurality of LED illumination devices. Thereafter, the
mapped dimcurves can be drawn, or fetched from the
illumination devices when, for example, a control signal
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addressed to the particular group of illumination devices
is sent from the depressed button on the keypad.
[0028] According to a first embodiment, a system is
provided for creating dimcurve mappings of natural
shows among a plurality of illumination scenes. The sys-
tem comprises a remote controller having a GUI that is
adapted for creating a first scene and a second scene
among the plurality of illumination scenes applied exclu-
sively to a first group of the plurality of LED illumination
devices. The GUI is further adapted to assign a first color
temperature as a first function of brightness for the first
group of the plurality of illumination devices to form the
first scene at a first time of day. The GUI is still further
adapted to assign a second color temperature as the first
function of brightness for the first group of the plurality of
illumination devices to form the second scene ata second
time of day different from the first time of day. The storage
medium within the first group of the plurality of illumination
devices is configured to store the first and second color
temperatures as a first function of brightness for the re-
spective first and second scenes to form at least a portion
of a first dimcurve mapping of a first natural show.
[0029] The immediately preceding process can be re-
peated on the GUI to create a third scene and a fourth
scene among the plurality of illumination scenes, with
third and fourth color temperatures assigned as a second
function of brightness for the first group of the plurality of
illumination devices. The ensuing third and fourth scenes
can be stored within the storage medium as a second
function of brightness to form at least a portion of a sec-
ond dimcurve mapping of a second natural show.
[0030] After the mappings of first and second dim-
curves are achieved, the first natural show associated
with the first dimcurve can thereafter be at least partially
changed to the second natural show associated with the
second dimcurve. The method of changing from a first
dimcurve to a second dimcurve is preferably smooth and
non-disjointed. To achieve a smooth and non-disjointed
change, the method includes firstfetching a firstdimcurve
comprising a first series of scenes assigned to at least
one group of LED illumination devices, each of said first
series of scenes including a color temperature as the first
function of brightness. The first series of scenes is then
assigned a time-spaced distance apart throughout the
day to form the first natural show associated with the first
dimcurve of color temperatures that increases from sun-
rise to noon and decreases from noon to sunset. The
brightness or color temperature of one of the first series
of scenes at a particular time of day between sunrise to
sunset can then be changed. If the changed brightness
produces a color temperature of one of the first series of
scenes within a pre-defined distance of a point on the
second dimcurve, a second fetching operation is
achieved on at least a remaining portion of the second
dimcurve comprising a second series of N number of
scenes preceding the changed scene and N number of
scenes succeeding the changed scene.

[0031] Preferably, the point on the second dimcurve is
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a color temperature of a scene on that second dimcurve
at a particular time of day. The pre-defined distance is
preferably 10% of the color temperature of the scene on
the second dimcurve at the particular time of day. The
pre-defined distance is preferably less than 65K. Each
of the second series of N number of scenes preceding
the changed scene and each of the N number of scenes
succeeding the changed scene includes a color temper-
ature as a second function of brightness. Preferably, the
second function of brightness is different from the first
function of brightness, and N is less than three.

[0032] According to an alternative embodiment, if the
changed brightness or color temperature of one of the
first series of scenes is within a pre-defined color tem-
perature or brightness of a scene on the second dimcurve
at the particular time of day, then the second fetching is
that of at least a portion of the second dimcurve compris-
ing a second series of N number of scenes preceding
the changed scene and N number of scenes succeeding
the changed scene to provide a smooth and non-disjoint-
ed second natural show.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Other objects and advantages of the invention
willbecome apparent upon reading the following detailed
description and upon reference to the accompanying
drawings.

Fig. 1isagraph ofthe 1931 CIE chromaticity diagram
illustrating the blackbody curve of color perception
or color temperatures, and the gamut of spectral
wavelengths achievable by the illumination device
comprising a plurality of LEDs of different color;
Fig. 2 is agraph of changes in brightness throughout
the daytime hours;

Fig. 3 is a graph of different dimcurves representing
differentrelationships of color temperature as a func-
tion of changes in brightness shown in Fig. 2;

Fig. 4 is a graph of changes in brightness that vary
throughout the daytime hours;

Fig. 5 is a graph of different dimcurves representing
differentrelationships of color temperature as a func-
tion of changes in brightness shown in Fig. 4;

Fig. 6 is a graph of changes in daytime color tem-
peratures as a function of changes in brightness val-
ues and the time of day to emulate a natural daytime
illumination show and the associated different pos-
sible dimcurves representing different natural
shows;

Fig. 7 is a table showing the relationship between a
first brightness value and three different color tem-
peratures among three different scenes during the
natural show emulated along the first dimcurve of
Fig. 6;

Fig. 8 is a table showing the relationship between a
second brightness value less than thefirst brightness
value, and three different color temperatures among
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three different scenes during the natural show em-
ulated along the second dimcurve of Fig. 6;

Fig. 9 is an exemplary block diagram of an illumina-
tion device comprising a power supply converter, a
clocking circuit, a driver circuit, a controller with stor-
age medium, and a plurality of different colored LED
chains.

Fig. 10 is an exemplary plan diagram of a habitable
structure containing a plurality of illumination devices
grouped into zones, with one or more zones grouped
into scenes that can similarly controlled in both
brightness and color temperature;

Fig. 11 is an exemplary GUI provided on the remote
controller of Fig. 9illustrating the grouping of physical
illumination devices into zones and shown on the
GUI as virtual illumination devices that can be
dragged and dropped into corresponding zones;
Fig. 12 is an exemplary GUI provided on the remote
controller of Fig. 9 illustrating the assignment of
zones to keypads so that buttons of a keypad can
control physical illumination devices grouped into
zones assigned to that keypad;

Fig. 13 is an exemplary GUI provided on the remote
controller of Fig. 9illustrating the creation of a scene,
or a series of scenes corresponding to one or more
zones and that can change over time to form a nat-
ural show having a color temperature that is a func-
tion of both brightness and the time of day;

Fig. 14 is an exemplary GUI provided on the remote
controller of Fig. 9 illustrating the assignment of the
created scene and natural show to a keypad within
the structure;

Fig. 15 is a plan view of buttons on a keypad, and
the assignment of zone, scene and natural show
control to the buttons of the keypad;

Fig. 16 is a flow diagram illustrating the generation
of different dimcurves at different times of day
throughout the daytime to produce a natural show
of changing colortemperature as a function of bright-
ness that can be stored in the storage medium of
illumination devices grouped into one or more zones,
or scenes;

Fig. 17 is aflow diagramiillustrating the programming
of a preset scene brightness value, increasing bright-
ness of zones within the scene to the preset scene
brightness value, and decreasing brightness of illu-
mination devices within the scene, a zone within the
scene, or increasing/decreasing color temperature
of illumination devices within the scene;

Fig. 18 is a flow diagram illustrating the initiation of
a natural show among a zone or scene, and the mo-
mentary, persistent or permanent modification of the
natural show;

Fig. 19 is a flow diagram of a changes to brightness
and/or temperature among preceding N number of
scenes and subsequent N number of scenes to pro-
vide a smoothing of any modification to the bright-
ness and/or color temperature of a current scene of



13 EP 4 080 339 A1 14

illumination devices;

Fig. 20 is a graph of preceding and subsequent N
number of changes to brightness and/or color tem-
perature among a scene of illumination devices to
provide the smoothing change in brightness and/or
color temperature to the permanently changed cur-
rent scene;

[0034] While the invention is susceptible to various
modifications and alternative forms, specific embodi-
ments thereof are shown by way of example in the draw-
ings and will herein be described in detail. It should be
understood, however, that the drawings and detailed de-
scription thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the
intention is to cover all modifications, equivalents and
alternatives falling within the spirit and scope of the
present invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0035] Turning now to the drawings, Fig. 2 illustrates
a change in brightness throughout daytime hours. For
example, a full brightness (BR1) represents near maxi-
mum lumen value that can be output from one or more
LED illumination devices. The maximum brightness can
be established either by the manufacturer or by a user,
and therefore can be any value that can vary from man-
ufacturer to manufacturer or from user to user. Also
shown in the graph of Fig. 2 is a change from maximum
brightness BR1 to a lessened brightness BR2, also
throughout the daytime hours and possibly extending to
nighttime hours. The lessening of brightness can be ef-
fectuated by activating a button or a slider on, for exam-
ple, a keypad. The keypad would be communicatively
coupled to the group of LED illumination devices affected
by that keypad and, specifically, the change in brightness
value can be proportional to the amount of time a button
is depressed, or the distance a slider is moved. In some
instances, however, the relationship between the bright-
ness output from an illumination device is non-linear rel-
ative to actuation of a button or a slider. For example,
depending on the button or slider, initial movement of the
button/slider may result in a small effect on the output
brightness and, as further actuation occurs the bright-
ness increases or decreases non-linearly relative to ac-
tuation.

[0036] Fig. 3 illustrates another graph of different dim-
curves that represent different relationships of color tem-
perature as a function of the change in brightness shown
in Fig. 2. Atfull brightness BR1, a firstdimcurve (dimcurve
1) is produced. Specifically, dimcurve 1 represents
changing color temperature dependent not only on the
full brightness BR1 value, but also on the time of day. In
order to emulate the position of sun relative to the struc-
ture, and the path length between the sun and the struc-
ture that contains the plurality of LED illumination devic-
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es, color temperature must change throughout the day
to emulate the natural sunlight conditions produced by
the sun’s relative position. During sunrise and shortly
thereafter, color temperature is much less than noontime
local time. The same can be said for sunset. The lower
color temperatures emulate the more red or yellow sun-
rise and sunset color coordinate of the warm white color
temperatures, whereas the blue color coordinate pre-
dominates the noontime blue sky. The noontime blue sky
approaches that of more of a natural or daytime white,
rather than the warm white of the incandescent glow as-
sociated with sunrise and sunset. The first dimcurve has
a color temperature that peaks near noontime and de-
creases at times of day before noontime and after noon-
time.

[0037] As brightness decreases to, for example, BR2,
as shown in Fig. 2, a second dimcurve (dimcurve 2)
shown in dashed line is formed. Like dimcurve 1, dim-
curve 2 is illustrated in Fig. 3 as emulating the natural
sunlight conditions surrounding the structure. Therefore
dimcurve 2 also has a color temperature that peaks near
noontime and decreases near sunrise and sunset.
[0038] As shown in Fig. 3, the color temperature of all
LED illumination devices change with brightness. How-
ever, the amount of change in color temperature depends
on the color temperature at full brightness BR1. If natural
sunlight emulation is to be achieved, color temperature
also depends on the relative times of day. As shown in
Fig. 3, an LED illumination device producing 2300 to
2700K at sunrise or sunset times of day at full brightness
(BR1) will produce a significantly lower color temperature
at a lower brightness (BR2). Yet, however, the LED illu-
mination device producing, for example, 5000 to 6500K
at noontime time of day at full brightness (BR1) will pro-
duce only a slightly lower color temperature at lower
brightness (BR2). The differences can be illustrated in
reference to the differences in color temperatures at, for
example, 5000K-6500K shown by reference numeral 14
versus the color temperature at 2300K-2700K shown by
reference numeral 16.

[0039] Fig. 3 illustrates not only the formation of differ-
ent dimcurves with changes in brightness, but also that
each dimcurve has a correspondingly different relation-
ship between color temperature and brightness. For ex-
ample, dimcurve 2 demonstrates a greater change in
color temperature as a function of a reduced brightness
BR2 than does the color temperature change along dim-
curve 1 at full brightness BR1. As will be described in
more detail below, each dimcurve represents a timed se-
quence of scenes, with each scene having its own color
temperature as a function of brightness at a particular
time of day. As different scenes are aggregated along a
dimcurve throughout the day, a natural show is formed.
However, the natural show along the dimcurve 1 can be
quite different from the natural show along dimcurve 2,
with each dimcurve having its own relationship between
changes in color temperature as afunction of brightness.
Each dimcurve, and the associated scenes along each
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dimcurve, have a unique color temperature relationship
to brightness that is preferably different from other dim-
curves so that the plurality of dimcurves that can be
mapped demonstrate differing changes in color temper-
ature in relation to brightness. In order to emulate natural
sunlight conditions when forming a natural show, it is
necessary to therefore map multiple dimcurves such that
ifthe natural show changes, atleast a portion of amapped
dimcurve can be fetched from local memory to thereafter
present the changed-to natural show among each of the
LED illumination devices undergoing a change. Mapping
of multiple dimcurves is also needed for each group of
illumination devices among the structure.

[0040] Figs. 4 and 5 are similar to Figs. 2 and 3. How-
ever, Fig. 4 illustrates that while the relative change in
brightness is the same throughout the day, the absolute
brightness values both in BR1 and BR2 vary throughout
the day. Based on the similar relative differences be-
tween BR1 and BR2 of Fig. 4, Fig. 5 indicates a resulting
LED illumination device producing approximately the
same difference in color temperatures among dimcurve
1 and dimcurve 2 regardless of whether the color tem-
perature is 2300K-2700K or 5000K-6500K. The similarity
is shown by reference numerals 18 and 20 in Fig. 5.
[0041] Regardless of whether the brightness change
throughout the day is similar in absolute terms, as in Fig.
2, or in relative terms as in Fig. 4, the graphs in Figs. 3
and 5, respectively, illustrate that color temperature of a
controlled group of LED illumination devices change
throughout the day differently with brightness change --
either in absolute or in relative. Moreover, Figs. 3 and 5
illustrate that multiple dimcurves must be mapped so that
when a changeis made to a natural show, the appropriate
change can be found within a previously mapped dim-
curve and the smoothing of transition to the new natural
show can occur with minimal user perception of that
change, both prior to and after the change of a particular
scene was made.

[0042] Referring to Fig. 6, two dimcurves, dimcurve 1
and dimcurve 2, are shown during daytime hours be-
tween sunrise and sunset. It is understood and also pre-
ferred that there are more than two dimcurves that can
be mapped, and the daytime hours can extend into night-
time hours for more than two dimcurves during a 24-hour
period. However, for sake of brevity, Fig. 6 shows only
two dimcurves indicating changes in daytime color tem-
peratures as a function of changes in brightness through-
out the day to emulate a natural daytime illumination
show with associated different possible dimcurves rep-
resenting different natural shows. To emulate daylight
conditions, the color temperature during noontime local
can be 5000K or greater, whereas the color temperature
from sunrise to an hour after sunrise, for example, can
be 2700K or less. The same would apply to an hourbefore
sunset to sunset, with a color temperature of 2700K or
less. Of course, the color temperatures can vary more
than an hour after sunrise and less than an hour before
sunset to produce, preferably, a smooth dimcurve at mul-
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tiple scenes and associated times between sunrise and
noon as well as between noon and sunset. The smooth
dimcurve can also extend before sunrise and after sunset
to include nighttime if desired, with a nighttime color tem-
perature at or near zero Kelvin.

[0043] ShowninFigs.6and7,isasequence of scenes
separated in time for each dimcurve. For example, scene
A represents a brightness and color temperature along
dimcurve 1 of BR1 and CCTA (color temperature A),
shown in Fig. 7. The scene A along dimcurve 1 is also
shown in Fig. 6. As noted above, a scene represents a
group of one or more zones of LED illumination devices
having a static illumination output of color temperature
and brightness at a particular moment in time. As time
progresses from scene A to scene B, of the same plurality
of LED illumination devices, along dimcurve 1, although
the brightness can remain at, for example, full brightness
or BR1, the color temperature is shown to decrease to
CCTB. Meanwhile, as the show progresses along dim-
curve 1 to scene C, the full brightness BR1 remains, yet
the color temperature further decreases to CCTC as
shown in Figs. 6 and 7.

[0044] The purpose in having multiple dimcurves
mapped to a local storage device within one or more
groups of LED illumination devices is illustrated in the
comparison between Figs. 7 and 8, as shown in the graph
of Fig. 6. If a different natural show is to be selected from,
for example, a dimcurve 2 instead of dimcurve 1, bright-
ness can be reduced, as shown by BR2 being less than
BR1 at scenes A, B and C along dimcurve 2. However,
a decrease in brightness from BR1 to BR2 produces an
increased reduction in color temperature from scene A
to scene B to scene C along dimcurve 2, relative to dim-
curve 1. This is shown in Fig. 8, with CCTA along dim-
curve 2 slightly less than that of CCTA along dimcurve
1, yet CCTB along dimcurve 2 is more so less than CCTB
along dimcurve 1, and CCTC along dimcurve 2 is even
more so less than that of CCTC along dimcurve 1. The
quantities by which the color temperatures further de-
crease relative to an equal decrease in brightness from
BR1 to BR2 is not of consequence as much as to denote
the greater change in color temperature among scenes
along dimcurve 2 than along dimcurve 1. This effect is
therefore represented as the amount of color tempera-
ture change present in LED illumination, that change be-
ing one that occurs differently with changes in brightness.
The color temperature change throughout the day there-
fore not only depends on the color temperature at full
brightness, but also depends on the amount of change
in brightness from full brightness BR1 to a lower bright-
ness BR2, with greater change near sunrise and sunset
than during noon no matter the amount of brightness
change.

[0045] Fig. 9 illustrates an exemplary block diagram of
an LED illumination device 24 according to one embod-
iment of the invention. The LED illumination device 24
provides one example of the hardware and software that
may be used to implement a method of emulating natural
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sunlight both dynamically and automatically, and there-
after manually overriding that emulation when one or
more lighting tasks are needed. Moreover, the LED illu-
mination device 24 can be among a plurality of LED illu-
mination devices within a zone or within one or more
zones which constitute a scene.

[0046] LEDilluminationdevice 24 comprises aplurality
of emission LEDs 26 and, in this example, comprises
four chains of any number of serially connected LEDs.
Each chain 28 may have two to four LEDs of the same
color, which are coupled in series and configured to re-
ceive the same drive current. In one example, the emis-
sion LEDs 26 may include a chain of red LEDs, a chain
of green LEDs, a chain of blue LEDs, and a chain of white
or yellow LEDs. However, the preferred embodiments
are not limited to any particular number of LED chains,
any particular number of LEDs within each chain, or any
particular color or combination of the LED colors. In some
embodiments, the emission LEDs 26 may be mounted
on a substrate and encapsulated within a primary optic
structure of an emitter module, possibly along with one
or more photodetectors.

[0047] In addition to emission LEDs 26 configured into
a set of chains 28, illumination device 24 includes various
hardware and software components for powering the
LEDs 26 and controlling the light output from the one or
more emitter modules. In the embodiments shown in Fig.
9, LED illumination device 24 is connected to AC mains
42 and includes an AC/DC converter 44 for converting
the AC mains voltage (e.g., 120V or 240V) to a DC voltage
(Vpc)- The DC voltage (e.g., 15V) is supplied to LED
driver circuits 46 to produce the drive currents, which are
supplied to the emission LEDs 26 for producing illumina-
tion. In the embodiment of Fig. 9, a DC/DC converter 48
is included for converting the DC voltage (V) to a lower
voltage V| (e.g., 3.3V), which is used to power the lower
voltage circuitry of the illumination device 24, such as the
phase-locked loop (PLL) 50, interface 52, and control
circuitry, or controller 54. In other embodiments, illumi-
nation device 24 may be powered by DC voltage source
(e.g., a battery), instead of AC mains 42. In such embod-
iments, the illumination device may be coupled to the DC
voltage source and may or may not include a DC/DC
converter in place of the AC/DC converter 44. Additional
timing circuitry may be needed to provide timing and syn-
chronization signals to the controlling driver circuits.
[0048] In theillustrated embodiment, PLL 50 is includ-
ed within illumination device 24 for providing timing and
synchronization signals. PLL 50 can lock onto the AC
mains frequency and can produce a high speed clock
(CLK) signal and synchronization signal (SYNC). The
CLK signal provides timing signals for the controller 54
and LED driver circuits 46. In one example, the CLK sig-
nal frequency is in the tens of MHz range (e.g., 23 MHz),
and is synchronized to the AC mains frequency and
phase. The SYNC signal is used by the controller 54 to
create the timing signal used to control the LED driver
circuits 46. In one example, the SYNC signal frequency
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is proportional to the AC mains frequency, and can be at
afrequency of 50 or 60 MHz with a phase alignment with
the AC mains.

[0049] Ina preferred embodiment, interface 52 may be
included within illumination device 24 for receiving data
sets, or content, from an external calibration tool. The
calibration tool is preferably a remote controller 53 that
during provisioning or commissioning of the LED illumi-
nation devices 24, it performs a mapping function of var-
ious dimcurves contained in datasets or content stored
in the illumination devices 24. The data sets or content
generated by or received via interface 52 may be stored
in a mapping table within storage medium 56 of controller
54, for example. Examples of data sets or content that
may be received via interface 52 include, but are not lim-
ited to, various luminous flux (i.e., brightness values as-
sociated with intensity), wavelength, chromaticity of the
light emitted by each LED chain and, as described in
more detail below, various color temperatures as a func-
tion of brightness along certain dimcurves, and the as-
sociation into zones or scenes of a plurality of LED illu-
mination devices arranged within a structure. The map-
ping information can be assigned through a GUI upon
remote controller 53, with each mapped dimcurve having
a plurality of scenes and each scene having a unique
color temperature as a function of brightness along that
dimcurve. The plurality of dimcurves, and scenes asso-
ciated each dimcurve, as well as the grouping of illumi-
nation devices among zones and one or more zones
(scenes)within a structure also occurs through user input
via the GUI, with storage medium 56 containing the
mapped results as well as identifiers for the respective
illumination device among a zone or scene.

[0050] Coupled by wire or wireless to interface 52 is a
keypad 55. Keypad 55 comprises a plurality of buttons
used to control the illumination device 24. However, con-
trol by keypad 55 is based on the datasets stored in stor-
age medium 56 via the provisioning, commissioning, and
mapping functionality carried out by remote controller 53,
and specifically the GUI of remote controller 53. Keypad
55, and specifically the buttons upon keypad 55, allow
for user actuation and the enabling of various natural
shows stored as various dimcurves and resulting
mapped datasets within storage medium 56. Keypad 55
can also be used to override a natural show, and that
override can be either momentary or persistent. Keypad
55 can also be used to permanently change a natural
show so that, after change, the changed-to natural show
will remain. Thereafter, and at various times of day, a
different scene will appear then that which was present
in the previous show. Keypad 55 not only allows changes
to a show, either momentarily, persistently or permanent-
ly, but can change a static setting, such as a single scene
among one or more zones within a structure. One or more
buttons upon keypad 55 can therefore change the color
temperature setting or the brightness setting among a
scene, or a zone.

[0051] As will be noted in more detail below, various
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buttons on keypad 55 send control signals to interface
52, and those control signals enable different functional-
ity based on the data sets stored in control medium 56
of the grouped plurality of LED illumination devices 24
being controlled. Interface 52 can therefore comprises a
wireless interface thatis configured to operate according
to ZigBee, WiFi, Bluetooth, or any other proprietary or
standard wireless data communication protocol. In other
embodiments, interface 52 can communicate optically
using infrared (IR) light or visible light. Still further, inter-
face 52 may comprise a wired interface, such as one or
more wired conductors or a bus to keypad 55. For exam-
ple, if remote controller 53 is part of keypad 55, then
interface 52 communicates via remote controller 53 over
the wired connection of keypad 55. Preferably, however,
the remote controller 53 is separate from keypad 55 and
is used in the provisioning or mapping process. Remote
controller 53, if separate, is preferably wirelessly con-
nected to interface 52 using, for example, ZigBee wire-
less data communication protocol. Keypad 55, however,
can be either wirelessly coupled or wired to interface 52.
In a preferred embodiment, keypad 55 is both wired and
wirelessly coupled to interface 52 since LED illumination
devices have photodetectors that can receive the control
signals of keypad 55 or can also receive control signals
through a wired conductor.

[0052] Both keypad 55 as well as remote controller 53
can include a timer, such as a real-time clock. The timer
can send a plurality of times of day signals to the controller
54 via interface 52. For example, if the remote controller
53 comprises the physical keypad 55 or is separate from
the physical keypad 55, either the remote controller 53
or the physical keypad can have a real-time clock. The
real-time clock, depending on the calendar day and time
ofday, periodically sends a time of day signal from among
a plurality of times of day signals. The time of day signal
is unique to the local calendar day and local time of day,
and is output by the timer to the plurality of LED illumi-
nation devices 24, each of which have an interface 52
communicatively coupled to the remote controller 53
and/or keypad 55.

[0053] In addition to the time of day signals sent from
remote controller 53 and/or keypad 55, LED illumination
devices 24 are also time synchronized from PLL 50. Con-
troller 54 receives the time of day signals as well as the
SYNC signal and calculates, based on color temperature
mappings as a function of brightness and time of day
stored in medium 56, and produces values indicating a
desired drive current to be supplied to each of the LED
chains 26. This information may be communicated from
controller 54 to LED driver circuits 46 over a serial bus
conforming to a standard, such as SPI or I2C, for exam-
ple. In addition, controller 54 may provide a latching sig-
nal that instructs the LED driver circuits 46 to simultane-
ously change the drive current supply to each of the LED
chains 26 to prevent brightness and color artifacts.
[0054] Controller 54 may be configured for determining
respective drive currents needed to achieve a desired
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luminous flux, or brightness, for the illumination device
24 and specifically the LED chains 26 of illumination de-
vice 24 in accordance with one or more system and meth-
ods described in U.S. Patent Application Serial Nos.
14/314,530 published on December 31, 2015 as U.S.
Publication No. 2015/0382422 A1; 14/314,580 issued on
July 12, 2016 as U.S. Patent No. 9,392,663; and
14/481,081 published on March 3, 2016 as U.S. Publi-
cation No. 2016/0066384 A1, which are commonly as-
signed and incorporated herein in their entirety. In the
preferred embodiment, controller 54 may be further con-
figured for adjusting the ratio of drive current supplied to
the emission LED chains 26 and to all of the LED chains
26 concurrently. Changing the ratio effects a change in
color temperature and changing the chains similarly can
change brightness. Controller 54 can also chain either
similarly all of the chains the same or chains differently
so as not to exceed a maximum safe current level or a
maximum safe power level attributed to one or more pow-
er converters of the LED illumination device 24 at a preset
operating temperature as determined by a temperature
sensor, for example.

[0055] Insome embodiments, controller 54 may deter-
mine the respective drive currents by executing program
instructions stored within storage medium 56. In one em-
bodiment, the storage medium 56 that stores the map-
pings necessary to derive various dimcurves as well as
the groupings of illumination devices among zones and
scenes, and further the brightness value and color tem-
perature value changes via brightness and color temper-
ature of control signals sent thereto, may be configured
for storing the program instructions along with a table of
calibration values, as described for example in U.S. Pat-
ent Application Serial Nos. 14/314,451 published on De-
cember 31, 2015 as U.S. Publication No. 2015/0377699
A1, and 14/471,057 issued on July 12,2016 as U.S. Pat-
ent No. 9,392,660, which are commonly assigned and
incorporated herein in their entirety. Alternatively, con-
troller 54 may include combinatorial logic for determining
the desired drive currents, either as a ratio or similarly
among the LED chains 26. The storage medium 56 need
only be used for storing the mapping tables of dimcurves
and the brightness/color temperature output values
among each dimcurve in response to control signals.
[0056] In general, LED driver circuits 46 may include
anumber of driver blocks equal to the number of emission
LED chains 26 included within the LED illumination de-
vice 24. In one embodiment, LED driver circuits 46 com-
prise four driver blocks, each configured to produce illu-
mination from a different chain 28 of the emission LED
chains 26, as shownin Fig. 9. Each driverblock can there-
fore receive data indicating a desired drive current from
controller 54, along with a latching signal indicating when
the driver block should change the drive currentinto each
respective LED chain 26. An example of the various driv-
er blocks needed for each respective LED chain as con-
trolled by the LED drivers 46 is set forth in U.S. Patent
Application Serial No. 13/970,990, which is commonly
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assigned and incorporated herein in its entirety.

[0057] DC/DC converter 48 may include substantially
any type of DC/DC power converter including, but not
limited to, buck converters, boost converters, buck-boost
converters, Cuk converters, signal-ended primary-induc-
tor converters, or flyback converters. AC/DC converter
44 may likewise include substantially any type of AC/DC
power converter including, but not limited to, buck con-
verters, boost converters, buck-boost converters, etc.
Each of these power converters generally comprise a
number of inductors (or transformers) for storing energy
received from an input voltage source, a number of ca-
pacitors for supplying energy to a load, and a switch for
controlling the energy transfer between the input voltage
source and the load. The output voltage supplied to the
load by the power converter may be greater than or less
than the input voltage source, depending on the type of
power converter used.

[0058] Among the various advantages of LED illumi-
nation devices, such as device 24 in Fig. 9 is that LEDs
offer distinct opportunities of being able to integrate arti-
ficial light with natural light, and to provide helpful lighting
through dynamic lighting mechanisms. One particular
niche of LED illumination devices is in the generation of
artificial sunlight for a variety of reasons, especially for
treating human ailments such as circadian rhythm disor-
ders, seasonal affliction disorders, shift work condition
disorders, etc. The mechanism by which any convention
LED illumination device replicates or "emulates" natural
sunlight conditions is through use of sensors. However,
sensors can detect sunlight conditions within a structure
interior to that structure and create artificial lighting from
the illumination device that attempts to replicate the nat-
ural sunlight condition or the emulated sunlight outside
the structure. Unfortunately, sensors have limitations
both in technology and the location where those sensors
are located. The sensors therefore do not always accu-
rately detect the exterior sunlight conditions, and the out-
door natural sunlight conditions sometimes cannot be
properly emulated.

[0059] According to a preferred embodiment, alterna-
tive mechanisms that keep track of the time of day and
send a plurality of times of day values from a timer within
the remote controller 53 and/or keypad 55 is preferred.
Use of timers and time of day values proves beneficial if
the circadian show is to be tailored differently depending
on the room in which the sunlightis being emulated. Sen-
sors cannot tailor emulation depending on the room, but
instead sense and provide emulation consistently
throughoutthe structure depending on where the sensors
are located. Grouping of illumination devices on a room-
by-room basis and controlling each room separately us-
ing different keypads 55 with different associated timers
within those keypads that control each room separately,
with different time of day values, is therefore indigenous
to timers and not sensors -- an added benefit of not using
sensors to control sunlight emulation in the bedroom dif-
ferent from the kitchen, for example.
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[0060] Emulating the natural sunlight conditions in-
volves generating a natural show through use of a timer
that manipulates and updates emulation from a grouped
set of LED illumination devices based on calendar day
and time of day, and that functionality is performed au-
tomatically and dynamically throughout the day. The au-
tomatic emulation occurs as a dynamically changing nat-
ural show that continues automatically without user in-
tervention, and specifically continues to change the color
temperature output as a function of brightness and in
response to the illumination devices receiving the time
of day signal sent from the timer. Automatic emulation
and the automatically changing of color temperatures as
a function of brightness and time of day occurs without
the user actuating a trigger, that functionality is reserved
for the manual override and not the automatic natural
show.

[0061] Astheangularrelationship betweenthe sunand
the structure containing the plurality of illumination de-
vices changes throughout the day, the corresponding
natural show must also change. Importantly, the spectral
distribution of sunlight, specifically the spectral radiance
of sunlight changes with path length between the sun
and the structure. Shorter wavelengths can be more sen-
sitive and produce greater spectral radiance at shorter
path lengths than do longer wavelengths. In order to em-
ulate the changes in natural sunlight conditions within an
artificial lighting system, such as the present LED illumi-
nation system, or devices, the LED illumination device
must change its color temperature output throughout the
day based on the changing path lengths.

[0062] Fig. 10 illustrates an example of a structure 60
containing a plurality of LED illumination devices 24. LED
illumination devices 24 are sometimes interchangeably
referred to as LED lamps, fixtures, or luminaries. A res-
idence may have numerous rooms, such as bedrooms,
living rooms, kitchen, etc. Preferably, each LED illumi-
nation device 24a comprises at least one LED, and more
preferably, several LED chains 28, where each chain can
produce a corresponding color within a chromaticity re-
gion. lllumination devices 24 can include PAR illumina-
tion devices shown as downlights 24a within, for exam-
ple, a living room, and other PAR illumination devices
24b as downlights within, for example, a bedroom. The
living room can have multiple downlights labeled 24a,
whereas the bedroom can have multiple downlights la-
beled 24b. Next to the couch within, for example, the
living room, are tables on which, for example, A20 illu-
mination devices 24c can be configured.

[0063] Eachillumination device 24 communicates with
the remote controller 53, the keypad 55, and other illu-
mination devices via the communication interface 52 us-
ing a communication protocol described above as, for
example, ZigBee, as well as possibly WPAN using IEEE
802.15.4. The LED illumination devices 24 can therefore
wirelessly communicate with each other, as well as with
the remote controller 53 and physical keypad 55. A key-
pad 55 controls a group of LED illumination devices. For
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example, a physical keypad 55a can be placed in a living
room to control the group of illumination devices within
the living room, whereas another keypad 55b can be
placed in a bedroom to control the LED illumination de-
vices within the bedroom.

[0064] The keypads within structure 60, and labeled
55, are generally referred to as physical keypads. As will
be noted later, the physical keypads can be represented
by virtual keypad icons shown on a GUI such as the GUI
of remote controller 53. Likewise, the physical illumina-
tion devices 24 within a structure 60 of Fig. 10 can also
be represented as virtual illumination device icons on a
GUI of, for example, remote controller 53. The virtual
illumination devices and keypads shown on a GUI can
appear to look similar to the corresponding physical illu-
mination devices and keypads, and can be used not only
for grouping purposes but also for provisioning the func-
tionality of each of the physical illumination devices when
instilling the data sets and control functionality within the
storage medium 56 of each LED illumination device with-
in a group that is controlled by the physical keypad 55.
In addition to the physical illumination devices 24 and
physical keypads 55 arranged throughout a structure, a
global keypad 57 can be configured near, for example,
a common area such as the entry doorway of a structure
for globally controlling multiple zones and/or scenes
throughout the structure as will be described herein be-
low.

[0065] Turning now to Fig. 11, a GUI 65 can be pre-
sented on a display screen of remote controller 53. GUI
illustrates one example in which the actual physical LED
illumination devices arranged throughout structure 60
shown in Fig. 10 can be grouped based on their location
and function. The mechanism for providing the grouping
as well as the function of the illumination devices will be
disclosed below when describing the grouping mecha-
nism as well as the scene/show assignment mechanism.
For example, a location such as a bathroom can have
different groups of illumination devices 24, with each
group being associated with a zone. Moreover, the phys-
ical LED illumination devices of one or more groups can
be further grouped into a scene. For example, the sim-
plest form of a scene is a half bath within a structure 60
having two zones. A first zone can be associated with
the vanity of the half bath, and a second zone can be
associated with overhead lights of the half bath. The first
and second zones can be combined into a scene that
accounts for all of the LED illumination devices within the
half bathroom.

[0066] Fig. 11 illustrates one embodiment in which af-
ter all of the physical illumination devices 24 and physical
keypads 55 and 57 are installed in a structure, the phys-
ical illumination devices and keypads are discovered.
The discovery process involves moving the remote con-
troller 53 around the structure when a user instructs the
remote controller 53 on the GUI of the remote controller
53 to discover all devices (illumination devices and key-
pads) throughout the structure. The discovery process
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occurs through a command on the GUI 65 of the control-
ler, and the dongle of the remote controller 53 then broad-
casts a message instructing all illumination devices and
keypads that receive the message either directly or
through any number of hops, to respond with their unique
ID number, oftentimes referred to as the MAC address.
The unique MAC addresses of each of the illumination
devices and keypads are sent back to the remote con-
troller 53. If the remote controller 53 is a personal com-
puter or a phone having a screen, it will display on the
screen a set of GUl icons, where each icon is associated
with a corresponding physical illumination device or key-
pad. Moreover, the MAC addresses sent back to the re-
mote controller identify whether the discovered device is
an illumination device or a keypad. Also, knowing where
each MAC address is installed in the structure the icons
representing virtual illumination devices and virtual key-
pads will correspond to their respective physical illumi-
nation devices and physical keypads that have respond-
ed.

[0067] For example, as shown in Fig. 11, in an instal-
lation with sixteen PAR illumination devices 24 in a room
or the entire structure, sixteen virtual illumination devices
39, oricons 39, will appear. The virtual keypads will ap-
pear at a later step also as icons on a subsequent GUI.
Anindication thatall of the illumination devices have been
discovered occurs when an acknowledge message is
sent back from each of the physical illumination devices
24 to the remote controller 53. This will then cause each
LED illumination device to turn a detectable color, such
as blue, and each keypad that is also discovered will
blink. Each of the discovered illumination devices and
keypads willappear as virtual illumination devices 39 and
virtual keypads on the GUI. If all of the LED illumination
devices do not turn, for example, blue or the physical
keypads blink upon user inspection by walking around
the structure, not all acknowledge messages have been
returned and thus the missing acknowledge message of
the unique MAC address would indicate a non-blue LED
illumination device or keypad has not been discovered.
Remedial measures would then need to be taken, as
described below. However, if all illumination devices turn
blue and the physical keypads blink upon inspection, then
the corresponding virtual illumination devices and key-
pads will appear on the GUI.

[0068] Afterall of the physical LED illumination devices
24 and the physical keypads 55 and 57 have been dis-
covered, the next step is grouping. In the grouping pro-
cedure, physical illumination devices that need to be con-
trolled together are assigned a specific group address.
As shown in Fig. 11, during the grouping mechanism
group addresses are downloaded into storage medium
56 of each of the illumination devices within that group.
Therefore, during a control mechanism, a single button
actuation of a physical keypad 55 will cause a control
message to be sent from the keypad 55 to address via
a single group cast message all of the unique MAC ad-
dresses associated to that unique group address. The
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group cast message will then launch the content associ-
ated with that addressed group of physical illumination
devices 24 via a microprocessor fetch mechanism.
[0069] There can be different types of remote control-
lers 53. A remote controller 53 can simply include a don-
gle with a USB interface and radio plugged into the USB
port of a mobile device. If remote controller 53 is to com-
municate through a hub or bridge, then remote controller
53 communicates using a different protocol than the pro-
tocol at which the various illumination devices 24 com-
municate with each other as well as the keypad 55 or 57.
As will be noted herein below, the term "illumination de-
vice" or "LED illumination device" refers to the physical
device, whereas whenever the use of the term "virtual"
is used, that term refers to the icon representation of the
physical illumination device or physical keypad on a GUI.
The representation, icon, or virtual depiction on the GUI
is not the physical device but nonetheless each virtual
depiction corresponds to a physical device.

[0070] Duringthe discovery phase when the broadcast
discovery signalis sent from remote controller 53 through
the mesh network from hop-to-hop with corresponding
acknowledge-back, a routing table is formed. The broad-
cast discovery and acknowledge-back that forms the
routing table does so having a destination address and
a next hop address for each of the LED illumination de-
vices. The routing table is stored in the storage medium
of each of the LED illumination devices 24 throughout
the structure 60, along with what is described later as the
group addresses and the content associated with each
group address. The group address and content comprise
a group cast table. An example of the mechanism for
forming a group cast table with data set content associ-
ated with a group of illumination devices as stored in the
storage medium of each illumination device with a group
is set forth and commonly assigned U.S. Patent Applica-
tion Serial No. 15/041,166, which is commonly assigned
and herein incorporated by reference in its entirety.
[0071] The discovery process by which all of the LED
illumination devices and keypads throughout the struc-
ture are found and displayed in the corresponding GUIs
of a remote controller is typically only done once when
the illumination devices and keypads are installed in the
structure. However, if an LED illumination device 24 or
a keypad 55 is replaced, that illumination device or key-
pad can have a different mapped address, and thus the
discovery process must be repeated anytime the illumi-
nation system is modified. The structure of the illumina-
tion system, and thus the network of illumination devices
and keypads, is not predetermined by installation similar
to the cabling network of a wired network. Instead, it may
be determined by the plurality of physical conditions, like
the distance or shielding materials between neighbored
illumination devices, walls, or other devices between the
illumination devices 24, or even by electromagnetic in-
terference by electric appliances or other devices within
the structure 60.

[0072] To compute the network configuration, the
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broadcastis preferably triggered by the remote controller
53. The broadcast message is transmitted by addressing
the messages to a pre-defined broadcast address, to
which all physical devices (LED illumination devices 24
and keypads 55 and 57) are listening. For example, the
broadcast signal can be received first by these devices
that are in close proximity to the remote controller 53.
Those illumination devices 24 can then forward the
broadcast message to other illumination devices, which
further forwards the messages to even further distal illu-
mination devices via the aforesaid hop mechanism. The
acknowledge-back signal can be transmitted as a unicast
or direct message back to the remote controller 53 that
sent the broadcast. Each illumination device 24 that
sends such a unicast message must receive an acknowl-
edge to prevent such illumination devices from resending
the same message. Thus, the return acknowledge reply
is sent by the remote controller 53 back through the mesh
network, also as a unicast message.

[0073] During the discovery process, it is fairly time
consuming to broadcast, receive and acknowledge back,
and thereafter send an acknowledge reply. However,
since the discovery process happens infrequently, and
only generally during the configuration of the illumination
system during initial install, or replacement, a time con-
sumptive discovery process that takes multiple seconds
is generally acceptable to the user.

[0074] TurningbacktoFig. 11, afterthe discovery proc-
ess is complete, and all of the LED illumination devices
24 and keypads 55 have been discovered and represent-
ed on a GUI of remote controller 53, grouping can then
begin. On the left-hand portion of GUI 65 is an icon that
represents either zones and keypads. When the zone
icon is selected, as indicated, a series of zones Z1, Z2,
etc can appear as shown by numeral 68. The zones icons
68 are not named until a user provides a name, and at
this stage can simply be labeled Z1, Z2, etc, such as a
default name given to the zone icons 68. At some point,
however, the zones can be given a name and, using the
very simple example described above, there may only
be two zones associated with a half bath, where the
zones can be labeled first bathroom vanity and first bath-
room overhead light.

[0075] AsfurthershowninFig. 11, after the illumination
devices 24 have been discovered and appear as virtual
illumination devices 39 in the right portion of GUI 65, one
or more LED illumination devices 24 can be grouped by
clicking on the corresponding virtual illumination device
39 on the GUI, and that virtual illumination device 39 may
blink or change to a different color. The corresponding
physical illumination device 24 associated with the
clicked-on virtual illumination device may also change
color, or blink. In this fashion, the user will then know the
correspondence between a virtual illumination device 39
and its associated physical illumination device 24 within
the structure.

[0076] Usingthe above simple example, there may be
two A20 illumination devices in the half bath vanity, and
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two PAR 38 illumination devices in the overhead light.
The user may wish to control these two groups of LED
illumination devices 24 independently so that the vanity
may illuminate separate from the overhead light. Thus,
when the remote controller 53 is brought into the half
bathroom, and the four virtual illumination devices 39 ap-
pear on GUI 65, a user can click on one of the virtual
illumination devices and a corresponding light in, for ex-
ample, the vanity may blink. The user can then simply
drag and drop the virtual illumination device 39 corre-
sponding to one of the lights in the vanity into zone 1, Z1.
The same is repeated for the remaining three lights, with
the vanity lights grouped into zone 1, and the overhead
lights grouped into zone 2, Z2. The benefit of being able
to visually detect blinking icons and their corresponding
blinking physical illumination devices 24, and then based
on where the LED illumination devices 24 reside within
the structure, dragging and dropping the virtual illumina-
tion device in the appropriate zone is a key feature con-
veniently carried out using the remote controller 53. The
drag and drop feature upon a GUI having a touch screen
user actuation thereof can be effectuated by a simple
download of an application onto the mobile device that
constitutes the remote controller 53. That application can
further allow the user to name the various zones on the
GUI 65 for simple reference as to which group of LED
illumination devices are controlled by a keypad which
controls that zone.

[0077] Assigning zones to keypads is therefore the
next step and is illustrated in GUI 70 of Fig. 12. For ex-
ample, in the half bathroom scenario with two zones, a
keypad 55 can exist near a doorway within that bathroom.
Configuring a particular keypad begins by selecting the
keypad icon 72 in the left portion of GUI 70. That virtual
keypad can be identified as the bathroom keypad, for
example, if in the half bathroom scenario physical keypad
55inthe half bath begins blinking when a particular virtual
keypad 74 among a plurality of keypads also blinks. Thus,
the procedure is that if keypad 72 is identified by a user
clicking on keypad icon 72, a plurality of keypads will
appear in the middle portion of GUI 70. If a user clicks
on keypad 74 from among the plurality of keypads and
that selected virtual keypad 74 corresponds to the MAC
address of the physical keypad within, for example, the
half bathroom, then the half bathroom physical keypad
will blink corresponding to blinking of the particular virtual
keypad 74 representing that half bathroom physical key-
pad 55. As an alternative to blinking, some other form of
visual indication can also be implemented, such as the
change in color or, possibly an audible signal can be sent
from the corresponding physical keypad 55. Regardless
ofthe indication, whether visual or audible, a correspond-
ence is detected between a virtual keypad 74 and the
keypad within the structure.

[0078] If the keypad within the structure is the half bath
keypad 55 used to control two zones, that bathroom key-
pad 55 comprises two portions. The two portions are
shown as the virtual keypad icon 74 identical to what
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would appear in the physical keypad, with the first portion
noted as 74a and the second portion as 74b. The first
portion of the physical keypad is associated with a first
gang of a two-gang switchbox and comprises, for exam-
ple, seven buttons, whereas the second portion 74b com-
prises two buttons. As will be described below, the first
portion controls, among other items, brightness of zone
1 associated with the half bath vanity, whereas the sec-
ond portion 74b controls only brightness of the second
zone associated with the half bath overhead light, using
the above simple example. GUI 70 of remote controller
53 shown in Fig. 12 not only allows for selection of key-
pads, but also assignment of zones in which a plurality
of keypads are grouped, to each of the selected keypads
and portions thereof. While the first portion is associated
with a first gang of a two-gang switchbox, a second por-
tion can be associated with a second gang of the two-
gang switchbox. If a keypad is to control more than two
zones, then the corresponding switchbox would be a mul-
ti-gang switchbox, with each zone of multiple zones as-
signed to a corresponding gang so that the zones can
be controlled individually. As shown on the GUI 70 of Fig.
12, the virtual keypad 76 can correspond to a keypad 55
for controlling three zones possibly within the den or living
room of the structure 60. Virtual keypad 78 can have
almost unlimited multi-gang switchbox to control multiple
zones well beyond three. In the simple example of a half
bath with only two zones, then a two gang switchbox for
controlling individually only two zones is sufficient, and
the virtual icon 74 represents the keypad 55 within only
the half bath.

[0079] After LED illumination devices are grouped into
zones, and the zones assigned to corresponding portions
of identified keypads, scenes and shows can be created.
As shown in Fig. 13, GUI 80 presents a create
scene/show icon 82. When a user clicks on icon 82, a
window 84 of GUI 80 appears. Within that window 84,
one or more dimcurves can be created. Beginning with
a first dimcurve, such as a full brightness dimcurve 86,
of a particular zone or scene is created. In the example
of Fig. 12, zones 1 and 2 (and the combination thereof
that form a scene) are assigned to the physical keypad
corresponding to icon 74, and content data sets of color
temperature as a function of brightness, beginning with
full brightness are mapped along a dimcurve 86 contain-
ing a plurality of scene illuminations (scene A, scene B,
scene C, etc). Thus, color temperature and brightness
values at specific times of day to form scene A is created
solely as to zones 1 and 2 of the half bath example. The
process is repeated to produce another scene B at an-
other pointalong dimcurve 86. There may then be several
scenes formed along dimcurve 86 through the daytime,
as well as nighttime by simply pointing to a bright-
ness/color temperature value at a particular time of day
on the screen 84 and the remote controller therefore for-
wards the corresponding scene to the corresponding
group of illumination devices for storage as scene A, fol-
lowed by scene B, etc., within the storage medium 56 of
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the entire group of selected plurality of illumination de-
vices. For a full brightness value, and as color tempera-
tures assigned to scenes A, B, C, etc., increase to a peak
and thereafter decrease, the increasing scenes are
placed along the full brightness dimcurve 86 to the peak,
and thereafter subsequent scenes are placed in a de-
creasing portion of the dimcurve 86. Thus, the various
scenes (scene A, scene B, scene C, etc.) of increasing
color temperature at a full brightness forms the first dim-
curve to, for example, the apex of the dimcurve at noon-
time to decreasing color temperatures for subsequent
scenes from the apex down to the evening hours and
possibly through nighttime along the time axis shown in
window 84. This process of mapping scenes along a dim-
curve for a particular group of illumination devices and
repeating the process for creating other dimcurves for
that group thereby forms the entire mapping for a partic-
ular group of illumination devices 24 within the structure
60. The process is then repeated to create multiple
scenes along multiple dimcurves for the remaining
groups of illumination devices 24 within the structure 60.
[0080] Color temperatures as a function of brightness
and time of day are mapped along multiple dimcurves
for each zone or group of zones (scene comprising illu-
mination devices) throughout the structure so that the
mapping is that of a table of color temperature and bright-
ness values for each scene among a plurality of scenes
and for each dimcurve within a plurality of dimcurves as-
signed to each zone or scene arranged throughout the
structure. Thus, the half bath example having two zones
and a single scene of two zones would have multiple
scenes with corresponding color temperatures as a func-
tion of brightness mapped along multiple dimcurves.
Mapping would continue for other rooms throughout the
structure. As noted above, a scene represents not only
a plurality of one or more zones of illumination devices,
but also represents the color temperature as a function
of brightness at a particular time of day mapped along a
dimcurve of a series of scenes separated in time to form
a natural show, with each natural show corresponding to
a dimcurve and multiple dimcurves to represent different
natural shows available to the two-zone, or single scene
illumination devices half bath example.

[0081] Once scenes and shows are created for all of
the plurality of LED illumination devices among a struc-
ture, the mapped scenes along adimcurve, of which there
can be multiple dimcurves, form multiple shows that are
assigned anumber, or address. Forexample, the created
scenes and shows attributable to the half bath used to
control two zones can be assigned an address for each
possible scene mapped along the various dimcurves,
and for each dimcurve, or show. That number, oraddress
can then be selected in GUI 90 shown in Fig. 14 by click-
ing on icon 92 and thereafter displaying the addressed
scenes and show numbers, and dragging and dropping
those addressed numbers to the virtual keypad 74, cor-
responding for example to the half bath physical keypad
55. Using the half bath scenario, the color temperatures
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as a function of brightness for each scene, and for the
series of scenes along multiple dimcurves attributable to
the half bath keypad is then stored in the illumination
devices addressable by the physical keypad 55 that con-
trols zones 1 and 2. When a user depresses a button on
the half bath keypad 55, for example, various color tem-
peratures, brightness values attributable to either zone
1 or zone 2, or both (a single scene of zone 1 and zone
2 illumination devices) can be invoked. The buttons send
corresponding addressed control signals to the illumina-
tion devices to invoke a static scene or a dynamically and
automatically changing series of scenes of a show. Dif-
ferent natural shows represented by different addressa-
ble dimcurves can also be controllably addressed by
choosing the appropriate addressable control signals
sent from the keypad 55 to the mapped table of different
dimcurves within the illumination devices addressable by
the keypad 55. The data set contents within illumination
devices 24 that are controllable by the address control
signals sentfrom the keypad 55 are the parameters need-
ed forinvoking the particular brightness and/or color tem-
perature for those corresponding group of illumination
devices, either as a particular scene from among a plu-
rality of different scenes or as a natural show from among
a plurality of natural shows along respective plurality of
dimcurves.

[0082] TurningnowtoFig. 15, buttons on anexemplary
keypad 55 are shown. Although buttons can be arranged
and configured in multiple different ways, the exemplary
keypad 55 illustrates one configuration for adjusting
brightness, color temperature, as well as enabling and
disabling a show of, for example, a two zone plurality of
illumination devices. Continuing the example, keypad 55
shown in Fig. 15 can comprise two portions, a first portion
94 (sub keypad A) and a second portion 96 (sub keypad
B). The first portion 94 is associated with a first gang of
a two-gang switchbox, whereas the second portion 96 is
associated with a second gang of a two-gang switchbox.
The keypad 55 shown in the example of Fig. 15 can there-
fore be used in the half bathroom scenario for controlling
a zone of illumination devices associated with the vanity
of the half bathroom separate from a zone of illumination
devices associated with downlights within the half bath-
room.

[0083] The exemplary keypad 55 of Fig. 15 includes a
first of the plurality of buttons, denoted as reference nu-
meral 100. A second of the plurality of buttons is shown
as reference numeral 102, a third of the plurality of but-
tons is shown as reference numeral 103, and a fourth of
the plurality of buttons is shown as reference numeral
104. More specifically, a first of the pair of first buttons
(ON+) is coupled to turn on and increase brightness of
the plurality of illumination devices within only the first
zone, and a second of the pair of first buttons (OFF-) is
coupled to turn off and decrease brightness of the plu-
rality of the illumination devices within only the first zone.
Afirst of the pair of second buttons (ALL ON+) is coupled
to turn on and increase brightness of the plurality of illu-



31 EP 4 080 339 A1 32

mination devices within an illumination scene that com-
prises both the first zone and the second zone. A second
of the pair of second buttons (ALL OFF-) is coupled to
turn off and decrease brightness of the plurality of the
illumination devices within the illumination scene. A first
of the pair of fourth buttons (CCTS+) is coupled to turn
on and increase color temperature of the plurality of illu-
mination devices within the illumination scene. A second
of the pair of fourth buttons (CCTS-) is coupled to turn
off and decrease color temperature of a plurality of illu-
mination devices within the illumination scene. Accord-
ingly, the first portion 94 of keypad 55 is used to control
a first zone, as well as the first and second zones in, for
example, the half bath scenario that comprises two zones
and a single illumination scene.

[0084] The first of the plurality of buttons denoted as
reference numeral 100 therefore increases, decreases,
turns on and turns off the brightness of only the first zone
such as, for example, the lights above the half bath vanity.
Yet, buttons 102 turn on and off and increases and de-
creases the illumination devices within both zone 1 and
zone 2, and therefore the brightness of the entire scene
comprising the lights above the vanity as well as the
downlights within the half bath, and is labeled as BRS.
The fourth of the plurality of buttons labeled 104 control
the color temperature by increasing or decreasing the
color temperature within both zones, and therefore con-
trols the color temperature of the entire scene, and is
labeled as CCTS+ and CCTS- for increasing and de-
creasing the color temperature of that scene.

[0085] As noted above, in the half bath scenario that
can be controlled by a two-gang switchbox, and specifi-
cally a keypad 55 having a first portion 94 for controlling
the first gang and a second portion 96 for controlling the
second gang, the second gang is associated with the
second zone of the half bath. The first zone can be above
the vanity, whereas the second zone, or Z2, can be in
the downlights separate from the vanity. Thus, Z1 can
be associated with the zone that controls lights above
the vanity, and Z2 can be associated with the zone that
controls the downlights elsewhere in the half bath. The
second portion 96 of keypad 55 associated with the sec-
ond gang of the two-gang switchbox comprises a fifth of
the plurality of buttons, denoted as reference numeral
105. A fifth of the plurality of buttons 105 is coupled to
adjust brightness of the plurality of illumination devices
within only the second zone, and not the first zone. A first
button of the pair of fifth buttons 105 is coupled to turn
on and increase brightness of the plurality of illumination
devices within only the second zone, as noted by BR+
for the second zone Z2. A second button of the pair of
fifth buttons 105 is coupled to turn off and decrease
brightness of the plurality of illumination devices within
only the second zone, and is labeled as BR- of the second
zone Z2.

[0086] The buttons on keypad 55 can be programmed
in many different ways, and the specific program of the
first through the fifth of the plurality of buttons shown in
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Fig. 15isonly one way. As noted above, the programming
of buttons can be performed similar to the grouping of
illumination devices, keypads, and the creation and as-
signment of scenes and shows shown in Figs. 11-14.
Specifically, a GUI can exist on the remote controller 53
having brightness control, temperature control, and spe-
cifically brightness and temperature control for various
zones and scenes in one portion of the GUI, and dragging
and dropping those control features into specific buttons
of a selected keypad. For example, the brightness, as
well as the ON/OFF features for controlling brightness
can exist as an object or icon upon the GUI to allow user
to drag the brightness control as well as the ON/OFF
control of zone 1 into the corresponding button within the
first pair of buttons 100. The same can apply for assigning
control of both zones that represent a scene, and spe-
cifically the brightness control of that scene (BRS+/-) as
well as turning on or off (ALL ON+/-) the entire scene
using icons associated with both zones and the bright-
ness increase and decrease control icons of the pair of
second buttons 102. The same can apply to the fourth
pair of buttons 104 as well as the fifth pair of buttons 105.
Alternatively, the buttons can be assigned using a GUI
on a display screen directly upon keypad 55. The pro-
gramming of buttons to control various illumination de-
vices within one or more zones of a structure can be
achieved in various ways in firmware or using software
such as software within an application program, using a
GUI or not, and is generally well understood to those
skilled in the art. In addition, assigning control to certain
buttons to control illumination output of certain illumina-
tion devices can take on different functionality then the
example described hereinabove, all of which fall within
the spirit and scope of these disclosed embodiments.
Moreover, depending on the number of zones, the
number of gangs within a switchbox and the overall func-
tionality of a keypad, buttons can be programmed in nu-
merous different ways. Fig. 15 illustrates only one form
of programming specific to a two zone example. Howev-
er, it is understood that the arrangement of buttons as
well as the control afforded by depressing one or more
buttons can accommodate any LED illumination device
lighting scenario provided the buttons can individually
control the brightness of zones, or the brightness of all
zones within a scene, as well as the color temperature
of that scene, with the ability to turn on, off, increase, and
decrease brightness and color temperature among indi-
vidual zones and scenes within a structure.

[0087] Also shown in the example of a two-gang
switchbox in Fig. 15 is a third of the plurality of buttons,
labeled 103. The third of the plurality of buttons can be
a single button 103 coupled to enable a natural show,
that natural show being one which automatically and pe-
riodically changes color temperature as a function of
brightness to form a different scene each time the color
temperature and/or brightness changes. The automati-
cally and periodically changing color temperature of that
natural show can occur at differing times of day. By de-
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pressing button 103, a show can be enabled or disabled
and, specifically, if enabled, the show would extend for-
ward in time along, for example, a first dimcurve labeled
dimcurve 1 with increasing color temperature toward
noontime and decreasing thereafter. In the simple half
bathroom example, button 103 allows for periodic and
dynamic changing of color temperature as a function of
brightness throughout the day along a pre-set and pre-
viously mapped dimcurve to increase the color temper-
ature above the vanity and separate downlights toward
noontime and decrease thereafter. Button 103 controls
the show for illumination devices within Z1 and Z2.
[0088] Turning now to Fig. 16, a flow diagram is shown
illustrating the generation of different dimcurves at differ-
ent times of day throughout the daytime. The different
dimcurves can be applied to the same plurality of illumi-
nation devices to produce different natural shows of
changing color temperatures as a function of brightness.
The generation of those dimcurves occurs using the GUI
shown in Fig. 13, for example, when creating various
scenes, and aggregating those scenes along a dimcurve
to create a natural show. The creation of the different
dimcurves for the same plurality of illumination devices,
and repeating the process set forth in the flow diagram
of Fig. 16 can occur for other plurality of illumination de-
vices. The creation of multiple dimcurves for each of sev-
eral different groups of illumination devices occurs during
the mapping or provisioning of the illumination devices.
That mapping of multiple dimcurves for each of multiple
groups of illumination devices forms the overall mapping
functionality. Those mapped dimcurves are stored as
multiple tables of brightness and color temperature val-
ues at various times of day for various groupings of illu-
mination devices within each of those illumination device
storage mediums 56. When the real-time clock within the
corresponding keypad 55 sends a time of day value, the
brightness and/or color temperature value will change to
the next time of day addressed value for the next mapped
scene if the show is enabled. If a show is not enabled,
then any mapped value of a scene can be formed man-
ually by depressing a button on the keypad 55 and that
scene will remain static and unchanging until another but-
ton is depressed on the keypad, or a timeout has oc-
curred, or the show is resumed.

[0089] The mapping and storage of brightness and
color temperature charts or tables within the storage me-
diums begin by setting the time of day and timer timeout
within the real-time clocks of the remote controller 53 as
well as the various keypads 55 corresponding to respec-
tive groups of illumination devices 106. Once the timer
timeout, that can be preset, times out after a set time of
day, such as a fixed time after sunrise 108, brightness
within a first group of illumination devices can be set to
a maximum amount 110. The maximum brightness can
be selected from the manufacturer specification sheet,
for example. If the fixed time after sunrise has not yet
occurred based on the timer timeout from the time of day
value, then the program set forth in Fig. 16 waits for that
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fixed time after sunrise. Beginning at the timer timeout
value after sunrise, and for a maximum brightness al-
ready set, the color temperature is then set also at that
maximum brightness amount and for that fixed time after
sunrise 112.

[0090] Once the maximum brightness is set and color
temperature is set for the first period after sunrise, the
timer timeout is examined again for the next timer timeout
114. Once the next timer timeout, or time of day signal
is sent from the real-time clock of the keypad after the
firsttimeout has occurred, brightness remains at the max-
imum value but the color temperature is increased 116.
At each timed increment after sunrise when the timer
times out, an increase in color temperature occurs, and
the recorded maximum brightness and stepped increase
in colortemperature is recorded to form the first dimcurve,
or dimcurve 1.

[0091] A check is made to determine if the color tem-
perature has reached a maximum amount, and if it has
not, as shown by decision block 120, then the timer pre-
cedes to the next timeout, or time of day, and the color
temperature continues to increase and the correspond-
ing maximum brightness value and increasing color tem-
peratures along the first dimcurve are recorded, or
mapped in a table of first dimcurve values of maximum
brightness and increasing color temperatures.

[0092] If the maximum color temperature has been
reached as indicated by decision block 120, then the next
timer timeout 122 must be one that produces a decrease
in color temperature 124, with a corresponding recorda-
tion of a decrease in color temperature as a function of
maximum brightness along the first dimcurve 126. Ac-
cordingly, the first dimcurve (dimcurve 1) indicates at
fixed time intervals and increasing color temperature for
the maximum brightness until a maximum color temper-
ature is reached and thereafter a periodic decrease in
color temperature for that maximum brightness. The in-
creasing and thereafter decreasing color temperature for
maximum brightness is mapped within a table that is
stored in the storage medium of each of the group of
illumination devices, that group being the first group of
illumination devices. If a fixed time before sunrise has
not occurred 128, then the process of looking for that
timer timeout continues until such time as sunset occurs
130.

[0093] The time of day and timer timeout is therefore
reset 130 to examine again whether a fixed time after
sunset 132 has occurred. If a fixed time after sunrise has
occurred, then the brightness is reduced from the set
maximum brightness value, as shown by block 134. The
process is therefore repeated beginning at the fixed time
after sunrise of increasing color temperature until a max-
imum color temperature is reached, and thereafter de-
creasing the color temperature to a fixed time before sun-
set, albeit for a reduced brightness, to form a second
dimcurve (dimcurve 2). Accordingly, the mapped table
of brightness values and color temperatures between
sunrise and sunset are stored in the storage medium of
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the first group of illumination devices containing a first
mapped table of a first dimcurve, followed by a second
dimcurve. The only difference between the first and sec-
ond dimcurve, however, is the reduction in brightness
value, whereby the second dimcurve has a lower bright-
ness value than the first dimcurve.

[0094] At regular periodic timed intervals along each
of the first, second, third, etc. dimcurves associated with
the first group of illumination devices are color tempera-
tures as a function of brightness. Those color tempera-
tures increase from sunrise to approximately noontime,
and thereafter decrease to sunset. If charted on a graph,
the dimcurves would be those that appear on GUI 80
shown in Fig. 13, and in more detail shown in Fig. 6.
There can be numerous dimcurves that are mapped and
stored as numerous tables within the first group of illu-
mination devices.

[0095] The flow diagram set forth in the software in-
structions of Fig. 16 are repeated not only to form multiple
dimcurves within the same first group of illumination de-
vices, but also is repeated for a second group of illumi-
nation devices, followed by a third group of illumination
devices, and so forth, until all groups of illumination de-
vices received mapped dimcurves throughout the struc-
ture. Thus, repetition of the program instructions set forth
in Fig. 16 causes mapping of various dimcurves in a sec-
ond group of illumination devices, possibly the same or
different mappings with differentdimcurves in the second
group than the first group, and so forth. Each group of a
plurality of illumination devices can be different from one
another within a structure, with preferably unique dim-
curves associated with corresponding groups of illumi-
nation devices so as to control the natural show along
one dimcurve of one group of illumination devices differ-
ent from that of the natural show along, for example, an-
other dimcurve within another group of illumination de-
vices. In this fashion, for example, the natural show se-
lected for a bedroom can be different from the natural
show selected within a kitchen. Not only can the dim-
curves (i.e., the color temperature as a function of bright-
ness) be different in the bedroom versus the kitchen, but
the times in which the timer timeout occurs to set the
different scenes can also change. Thus, the color tem-
perature as a function of brightness, as well as the timer
timeout intervals can be different from one group of illu-
mination devices to that of another, with corresponding
mappings of tables for color temperature as a function
of brightness and times of day can be different from one
room to another. Fig. 16 therefore illustrates the general
process by which software can be used to instruct the
formation of dimcurves and different corresponding nat-
ural shows for different groups of illumination devices
within a structure. The mappings, or tables stored in the
storage mediums of one group of illumination devices
can be altogether different from the stored mappings
within another group of illumination devices so as to con-
trol the natural show differently in one room from that of
another since the dimcurves and scene change time in-
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tervals of each room can be different.

[0096] Turning now to Fig. 17, a flow diagram is shown
thatillustrates the programming of a pre-set scene bright-
ness value, increasing brightness of zones within the
scene to the pre-set scene of brightness value, and de-
creasing brightness of illumination devices within the
scene, withina zone of a scene, or increasing/decreasing
color temperature of illumination devices within that
scene. In particular, Fig. 17 illustrates the initial assign-
ment of keypad buttons 100. The initial assignment of
buttons can be similar to the example described in Fig.
15 of keypad 55. Presetting a scene begins by adjusting
the brightness and color temperatures of a scene appli-
cable to one or more zones of illumination devices by
first depressing the ON+ or OFF- button of the first plu-
rality of buttons 100, as shown by block 112. Specifically,
a user, using the example of Fig. 15 would depress and
hold either the ON+ or the OFF- button within the first
portion of keypad 55. Depending upon the amount of time
that the button is depressed and held, the brightness of
the first zone, Z1, will be adjusted upward or downward.
Depressing the appropriate button beginning atblock 112
assumes that the show button 103 is not depressed, and
therefore the natural show is not enabled. Presetting a
scene is therefore performed with the show being off.
Next, in block 114, the second portion of keypad 55 has
the fifth of the plurality of buttons 105 and, when the first
of the pair of buttons 105 is depressed and held (ON+),
the brightness of zone 2, Z2, increases. If, on the other
hand, the second of the pair of buttons 105 is depressed
and held (OFF-), the brightness of zone 2, Z2, is de-
creased. Next, in block 116, the color temperatures
(CCT+/-) can be increased or decreased for a zone by
depressing and holding the appropriate button of the
fourth of the plurality of buttons 104. If CCT+ is de-
pressed, then the color temperature of the scene will be
increased, whereas if CCT- is depressed then the color
temperature of the scene will be decreased.

[0097] Once the brightness value is increased or de-
creased to the appropriate level either in the first zone or
the second zone, and the color temperature of both zones
which form the scene is adjusted to the appropriate level
as noted in blocks 112, 114 and 116, then both buttons
ofthe second of the plurality of buttons 102 are depressed
simultaneously in block 118. Depressing both buttons in
the second of the plurality of buttons 102, and specifically
the ALL ON+ and ALL OFF- buttons, then the brightness
and colortemperatures of each zone and the entire scene
can be pre-set at block 120. Simultaneous depression
must occur for at least three seconds in order to pre-set
the scene to whatever levels are established by blocks
112-116.

[0098] The process set forth in blocks 112-120 can be
repeated for other zones and scenes throughout the
structure to pre-set the brightness and/or color temper-
atures for respective zones and scenes throughout the
house. However, presetting a scene to a particular bright-
ness and color temperature assumes that the show is
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not enabled, and therefore button 103 has not been de-
pressed. A light next to button 103 indicating a show is
on, is off. Once the show is disabled for a group of illu-
mination devices controlled by a particular keypad, the
illumination devices can be pre-set by depressing the
appropriate buttons of the keypad controlling those illu-
mination devices and therefore presetting the brightness
and/or color temperature of the illumination devices to a
particular level, and the process is repeated for other
groups of illumination devices throughout the structure.
[0099] Withascene illumination output pre-set, wheth-
er simply one group of illumination devices or multiple
groups of illumination devices throughout the structure,
the show must remain disabled as indicated by block
122, and any subsequent depression of the ALL ON+
button will increase the brightness of the scene to the
scene pre-set value, as shown by blocks 124 and 126.
The scene pre-set value can include the brightness
and/or color temperatures of the scene established by
blocks 112-116.

[0100] Atany time when the show is disabled 122, the
ALL OFF- button 102 can be depressed as shown by
block 128, and the corresponding brightness of the scene
will be decreased 130. Moreover, any depression and
holding of the color temperature button, either CCT+ or
CCT- in block 132 will increase or decrease the color
temperature of the scene 134. The zones can also be
individually controlled, and if the show is disabled 122,
either zone 1 or zone 2 can be increased or decreased
in brightness by depressing and holding the appropriate
button within the first plurality of buttons 100 or the fifth
plurality of buttons 105, shown by block 136 to increase
or decrease the brightness of the corresponding zone
138.

[0101] The blocks shown in Fig. 7 describing depres-
sion of a button denote the depression and holding of
that button and, based on the length of time the button
is held, the brightness or color temperature will increase
or decrease more or less, respectively. If, however, a
button is depressed twice in succession, with a release
of the button during the interim, a brightness of a zone,
or both zones of illumination devices will be turned on or
off depending on which button is depressed. The button
must be depressed twice within less than a three second
window with a complete release in the interim. For ex-
ample, if the OFF- button of the fifth plurality of buttons
105 is depressed twice 140, then the zone 2 illumination
devices will be turned off. Likewise, if the OFF- button on
the first portion pertaining to the first plurality of buttons
100 is depressed twice, then the illumination devices in
zone 1 will be turned off. If, however, the ALL OFF- is
depressed twice 142 then the illumination devices of both
zones 1 and zone 2 will be turned off. The selective turn-
ing off of zone 1 or zone 2, or both zones depending on
which button is depressed twice within approximately
three seconds culminates in the block shown as block
number 144.

[0102] Turning now to Fig. 18, a flow diagram is pro-
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vided showing the initiation of a natural show among ei-
ther a zone or a group of zones that form a scene. Fig.
18 also illustrates the momentary, persistent or perma-
nent modification of a natural show. Beginning with en-
abling the natural show 150 by depressing the button 103
shown in Fig. 15, an indicator light is illuminated prefer-
ably next to that button, or the button itself. The indicator
light indicates the show is enabled allowing either the
activation of the show or an override of the show. Acti-
vation of the show depends upon the time of day and,
depending on which button is depressed, either the show
is activated for one or more zones. For example, if the
ALL ON+ button is depressed twice 152, the scene that
comprises two zones is activated and the brightness and
color temperature for that scene, depending upon the
time of day the button is depressed twice, is initiated. The
show then starts at that current scene based on the time
of day 154 at which the button is depressed.

[0103] Alternatively, the brightness and color temper-
ature values can be set for only one zone of multiple
zones of illumination devices within a scene by depress-
ing the ON+ button twice 156. The show will then start
to be automatically defined in fixed scene for that show
depending upon the time of day and, specifically for either
the first zone or the second zone depending upon which
ON+ button 100 or 105 is depressed. That show will start
for the current scene and specifically for the particular
zone as shown by block 158.

[0104] Itmay be desirable to momentarily, persistently,
or permanently modify or override a show. For example,
if the ALL ON+ button 102 is depressed and held, but not
depressed twice, as shown in block 160 either the bright-
ness of the scene for that time of day, the color temper-
ature for that time of day, or both are increased to the
brightness and color temperature values set for that
scene atthatparticular time of day, and up to those values
depending on how long the ALL ON+ button is de-
pressed, as shown by blocks 162 and 164. Since the ALL
ON+ button was not depressed twice, but is only de-
pressed and held, the amount in which that button is held
will determine the amount by which the brightness of the
scene at that particular time of day in which the button
was depressed will be increased, the same can be said
for the color temperature depending upon the amount of
time in which the CCTS+ button 104 is depressed. Con-
versely, the color temperature can be decreased depend-
ing upon the amount of time in which CCTS- button is
held thereby decreasing color temperature proportional
to that amount of time. The flow 160, 162 and 164 illus-
trate the override of the show by not activating the show
but yet increasing or possibly decreasing the brightness
and color temperature for that particular scene at that
particular time within the show. For example, a user may
wish to reduce the brightness in the kitchen during mid-
day by depressing the ALL OFF- to decrease the bright-
ness within the kitchen at 11:00 a.m. and therefore
change the scene that would normally appear at 11:00
a.m. Additionally, the user may wish to decrease the color
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temperature by depressing the CCTS- button at 11:00
a.m. to more of an incandescent, warm white than the
normally present natural white color temperature. Con-
versely, the brightness of the kitchen scene can also be
increased as well as the color temperature by simply de-
pressing the ALL ON+ by depressing and holding the
ALL ON+ for a particular amount of time and therefore
increasing the brightness at, for example, 7:00 a.m. from
a lower dimcurve value to a higher dimcurve value and
therefore also increasing the color temperature from, for
example, 2300K to 3000K. Thus, the block 160 can per-
tain to depressing the ALL ON+ or the ALL OFF- button
toincrease, or decrease, brightness for the current scene
at that particular time of day and to override the show,
and to maintain that override until, for example, the ALL
ON button 102 is depressed twice 166 to then resume
the show 168. The flow, beginning at block 160 and end-
ing at block 168 indicates a momentary override of the
natural show, if the natural show was previously enabled.
When the all ON+/-is depressed and held, the brightness
of the first zone or both zones (both zones within the
scene) ramp up or down in brightness. If the ALL ON+ is
depressed and held, the ramp up will be that which occurs
until the natural show brightness is reached for that par-
ticular time of day. Subsequently, the ALL ON buttons
will operate as if the natural show is OFF to override the
show. It is not until the ALL ON+ button is thereafter de-
pressed twice will the show resume. In the interim, how-
ever, the momentary override occurs, and that override
can allow manual control of both in brightness and/or
color temperature up to a natural show brightness and
color temperature for that time of day, or down to zero.

[0105] The control of multiple zones of a scene, and
the momentary override of a show set forth in flow
160-168 is replicated in blocks 170-178. Specifically, the
only difference between blocks 160-168 and blocks
170-178 is the control of one zone, rather than the control
of possibly multiple zones. The blocks 170-178 pertain
to the control of a single zone, whether that control is of
zone one, or zone two. Contrary to the ALL ON+/- button,
there also can exist an ON+/- button and, depending on
whether the button being depressed and held is the but-
ton on the first portion or the second portion, either the
first zone or the second zone can undergo a momentary
override. If the ON+ button is depressed and held, the
amount of time in which that button is held in block 170
will dictate the amount of increase of brightness for that
particular zone, whether the first zone or the second
zone, is increased for the current scene within the show.
That amount of increase will extend upward to the bright-
ness of the show at that particular time of day in which
the button was depressed and held. Conversely, the ON-
button can be depressed and held to decrease the bright-
ness for the current scene within the show and to maintain
that override and to momentary maintain that override
until the button is again depressed twice 176. Color tem-
perature for a particular zone depending upon which but-
ton was depressed, either the button of the first zone or
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the button of the second zone, to increase or decrease
color temperature 174 again, until the ON+ button is de-
pressed twice and the show resumes, at blocks 176 and
178. Like the scene momentary override in flow 160-168,
the zone override within a particular scene at a particular
time of day at blocks 170-178 exist until the show is re-
sumed, and the amount of override or change in either
brightness and/or color temperature depends upon the
amount of time in which the ON+/- or CCT+/- buttons are
depressed. Until the ALL ON+ or the ON+ button is de-
pressed twice, the brightness increase/decrease and
color temperature increase/decrease buttons will oper-
ate as if the natural show was not on. That is, until the
ALL ON+ or the ON+ buttons are depressed twice. The
override of the current scene of multiple zones, or simply
a single zone occurs either momentarily until the ALL
ON+ or ON+ buttons are depressed twice. However, if
the ALL ON+ or ON+ buttons are not depressed within
a timeout period, the change in the current scene will
automatically revert back to the show once that timeout
has expired. Thus, Fig. 18 shows in blocks 166, 168, 176,
and 178 the momentary change in current scene, blocks
180 and 182 show the change in current scene that will
persistently remain until a timeout has expired. Thus, if
the ALL ON+ or ON+ buttons have not been depressed
twice within the timeout, the change in current scene will
nonetheless revert back to the show once that timeout
has expired. Accordingly, Fig. 18 illustrates the momen-
tary or the persistent change in current scene for a par-
ticular time of day, and possibly subsequent scenes with-
in a show until a timeout has expired, or the show is re-
sumed manually by depressing the ALL ON+ or ON+
buttons twice.

[0106] Fig. 18also illustrates, in addition to momentary
or persistent change in current scene, a permanent
change to the current scene, as well as possibly other
scenes subsequent to that current scene both to multiple
zones, or on a zone-by-zone basis. The permanent
change begins by depressing the show for a pre-deter-
mined amount of time, preferably more than three sec-
onds. Depending on whether the ALL ON+ or the ON+
button was previously depressed and held, and thus
whether a scene of multiple zones or a zone within a
scene has the brightness and/or color temperature val-
ues increased or decreased as shown by blocks 162 and
164 pertaining to a scene and 172 and 174 applicable to
a zone, the corresponding override that is made perma-
nent occurs either at block 186 or block 188.

[0107] While the timeout period for the persistent
change can be several minutes to several hours, prefer-
ably, the pre-determined time in which the show button
103 is depressed is preferably less than 10 seconds but
more than three seconds. By depressing the show button
103 less than 10 seconds, whatever the brightness in
color temperature value is for the scene or the particular
zone within the scene of illumination devices is fixed into
the memory of the corresponding illumination devices
depending on when the ALL ON+ or ON+ buttons are
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depressed and held and the show button is thereafter
depressed for a pre-determined time. All of the current
scenes in that interim timeframe are permanently
changed. Alternatively, only the scene nearest the time
of day in which the show button 103 is depressed and
heldis changed. That scene being the current scene with-
in a show. Moreover, that current scene within a show is
changed to the new brightness value and/or color tem-
perature value established by the amount of time in which
the ALL ON, CCT+/- buttons were depressed.

[0108] The current scene change is permanently re-
corded into the storage medium 56 as the corresponding
illumination devices, as shown by blocks 190 and 192.
The current scene is therefore permanently changed
such that whenever the show is thereafter activated, the
scene at that particular time of day that has undergone
a permanent change will cause the show forever there-
after at that time of day to display the permanently
changed brightness in color temperature values for that
time of day. For example, if the show button 103 is de-
pressed a pre-determined amount of time at 11:00 a.m.,
whatever the brightness and color temperature values
that have been changed prior to that time and during that
time will be recorded. The next day, at 11:00 a.m., the
previous show will now be changed so thatat 11:00 a.m.,
the new scene is displayed. Rather than the old scene,
that new scene takes on the brightness and color tem-
perature values established in one or more zones of il-
lumination devices at blocks 160-164 and 170-174. That
new scene will now play at that time of day, everyday
thereafter, until possibly permanently changed again.
Other scenes before and after will be adjusted to provide
a smooth change in color temperature and brightness
over the course of the day. For instance, if at 8:00 p.m.,
the color temperature is reduced from 2500 to 2200, the
color temperatures of all scenes in the show from before
sunset to the middle of the night will be reduced accord-
ingly. The color temperatures during the morning, noon-
time, and the middle of the night may remain unchanged.
According to one embodiment, Figs. 19 and 20 further
illustrate the smoothing functionality that occurs when-
ever a permanent change is made to a scene within a
show. Fig. 19, in particular, is a continuation of blocks
190 and 192 in Fig. 18.

[0109] Turning now to Fig. 19, a flow diagram of a
change to brightness and/or color temperature among
preceding N number of scenes and subsequent N
number of scenes is illustrated to provide a smoothing
of any modification to the brightness and/or color tem-
perature of a current scene of illumination devices. The
change in the current scene can be rather substantial
and if the preceding and subsequent scene illumination
outputs remain, then a visually perceptible and abrupt
display would occur that may be undesirable to a viewer.
In order to provide a smoothing of previous N scenes and
subsequent N scenes to the changed current scene, the
previous and subsequent scenes must be changed so
there is no abrupt visual and disjointed change in color
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temperature or brightness when the updated and current
scene is permanently placed into the natural show. In
other words, if a permanent change to brightness occurs
at 11:00 a.m., and that current scene brightness is sub-
stantially less than the dimcurve for the existing natural
show at 11:00 a.m., then possibly N number (preferably
fewer than 3) of brightness values for scenes preceding
the current scene and N number of brightness value
scenes for the same plurality of illumination devices are
changed after the 11 a.m. current scene. The previous
N number of scenes having their brightness and color
temperature changed are shown in block 200, and the
subsequently changed N scenes of brightness and color
temperature for the same illumination devices are shown
in block 202.

[0110] Determining the number N preceding and sub-
sequent to the currently changed scene is pre-deter-
mined, and is preferably three or less. Therefore, if the
changed, current scene is at 11:00 a.m., if there are
scenes at 7:00 a.m. and 9:30 a.m. that precede the cur-
rent scene, those two scenes are also changed so that
the resulting dimcurve leading up to the current scene
change is not disjointed, as shown in Fig. 20, and spe-
cifically the graph 204. Subsequently, the N number of
scenes after 11:00 a.m. may comprise two or more
scenes as shown. However, only two subsequent scenes
are changed at noon and 2:00 p.m., as shown by graph
206. While N can comprise two, the graphs 204 and 206
illustrate possibly more than two scenes depending upon
how far apart in time each scene is mapped along a dim-
curve. For example, if a scene is mapped every 15 min-
utes, then N can comprise much more than 3, and can
be as much as 20. Regardless of the value of N, it is
important to note that not all scenes within a 24 hour
period must be changed to provide smoothing. Instead,
if the permanently changed scene is at 11:00 a.m., only
the scenes after sunrise and leading up to 11:00 a.m.,
and subsequently after 11:00 a.m. to mid-afternoon need
be changed. The scenes after mid-afternoon, and before
sunrise need not be changed since sufficient smoothing
can occur in a limited number of changed scenes before
and after the currentchanged scene. Thus, the color tem-
perature is a function of brightness before sunrise and
after the middle of the afternoon will remain unchanged
in the above example.

[0111] As noted in Figs. 6-8, as well as Fig. 13, when
creating a plurality of scenes for the same group of illu-
mination devices to form a first dimcurve, that process is
repeated using, for example, the GUIl and object oriented
programming, to form multiple natural shows and corre-
sponding dimcurves for that same group of illumination
devices. Thus, for example, there can be multiple natural
shows that are mapped into a table and stored within
each of the group of illumination devices. The process is
repeated when mapping multiple natural shows and cor-
responding dimcurves into other groups of illumination
devices. Thus, the bedroom can have altogether different
dimcurves and natural shows mapped in the illumination
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devices of the bedroom than that of the kitchen. The dim-
curves of color temperature as a function of brightness
differs for each dimcurve regardless of the illumination
devices that contain the mapped table of dimcurves.
Thus, it is necessary that multiple dimcurves, each hav-
ing a plurality of scenes are mapped into the same group
of illumination devices so as to control the color temper-
ature differently based on changes in brightness. The
amount of change can depend on the color temperature
at full brightness.

[0112] When a scene is permanently changed as
shown by blocks 190 and 192 in Fig. 18, determination
of previous and subsequent N scenes and the corre-
sponding color temperature as a function of brightness
for those previous and subsequent N scenes is deter-
mined depending upon whether the currently changed
scene is within a pre-defined distance of a point on an-
other dimcurve. For example, if the permanent change
of the current scene is one in which brightness has been
decreased, the corresponding color temperature for that
current scene will no longer be on, for example, a first
dimcurve 208. Instead, the current scene change caused
by a reduction in brightness will result in a color temper-
ature (CCT) that is less than the color temperature along
dimcurve 208. If, for example, the changed-to, or new
color temperature for the updated, and changed current
scene is within a pre-defined distance of a point on a
second dimcurve 210, shown in dashed line, then the
scenes preceding the current scene and subsequent to
the current scene are recalled or fetched from the second
dimcurve 210 stored in the storage medium 56 of the
group of illumination devices being controlled.

[0113] Only a portion of the second dimcurve 210 is
fetched from each of the group of illumination devices
being controlled, and that second portion comprises N
number of scenes preceding the changed scene in N
number of scenes succeeding the changed scene to pro-
vide a smooth and non-disjointed second natural show
having scenes on a second dimcurve immediately pre-
ceding and succeeding the current scene, yet maintain-
ing all of the scenes along the first dimcurve 208 before
the preceding N scenes and after the succeeding N
scenes.

[0114] According to one embodiment, the pre-defined
distance of the point on the second dimcurve, shown as
212 is preferably less than 5% of the color temperature
of the scene on the second dimcurve at the particular
time of day for that current scene. For example, if the
time of day is 11:00 a.m., and the current scene change
changes from the first dimcurve 208 having a higher color
temperature as a function of brightness to dimcurve 210
having lower color temperature as a function of bright-
ness, the new current scene may not have a color tem-
perature precisely on the second dimcurve. Instead, the
current scene color temperature as a function of bright-
ness can be within a pre-defined distance 212 of the sec-
ond dimcurve 210. If that pre-defined distance is less
than 5% of the color temperature of the scene on the
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second dimcurve at 11:00 a.m., then the current scene
is placed on the second dimcurve nonetheless, as well
as all preceding N scenes and succeeding N scenes. For
example, if the color temperature along the second dim-
curve at 11:00 a.m. for the current scene of the first dim-
curve is 4000K, whereas the second dimcurve at 11:00
a.m. the color temperature is 3800K, if the current scene
change decreases brightness and/or color temperature
to that of a color temperature within 5% of the color tem-
perature for that scene at 11:00 a.m., or 5% of
3800K=190K then the current scene will be placed on
the second dimcurve as well as the preceding and suc-
ceeding N scenes. Accordingly, the pre-defined distance
is less than 5%, or an absolute value is less than 190K,
and more preferably less than 2%, or approximately 70K.
AsshowninFig. 20, the value for the pre-defined distance
212 is therefore 5% of the color temperature along the
second dimcurve at the particular time of day for that
currentscene being permanently changed. Since the first
and second dimcurves are already mapped into tables
placed in corresponding illumination devices any perma-
nent change to a particular scene simply causes a se-
lective fetching of the current and previous as well as
subsequent scenes along a second dimcurve if a change
is made so that it is sufficient enough to be near the sec-
ond dimcurve a pre-defined color temperature distance.
The pre-defined distance can also be measured in terms
of brightness. If the current scene change involves a
change in brightness that is relatively close to a second
dimcurve brightness, then the current scene will be
placed on a second dimcurve along with the preceding
and succeeding N scenes. That pre-defined brightness
can also be 5% or less.

[0115] Even though different groups of illumination de-
vices within a structure have different dimcurves and dif-
ferent natural shows a global override of all or multiple
groups of illumination devices can occur through use of
a singular, global keypad, such as keypad 57 shown in
Fig. 10. Preferably, global keypad 57 comprises a singu-
lar keypad that controls the entire structure, and specif-
ically multiple groups of illumination devices arranged
throughout that structure. Also, preferably, the global
keypad is arranged possibly near the entry door, or pos-
sibly near the master bedroom.

[0116] The global keypad comprises atleastone of the
plurality of buttons, and that button preferably comprises
an away button. The away button is used to activate a
sensor to detect movement with the structure and, in re-
sponse to that movement, to turn on and off an automatic
periodic succession the select ones of multiple groups
of illumination devices throughout a structure. The turn-
ing on and turning off an automatic, periodic succession
is referred to herein as a panic show. The panic show
will therefore override the various natural shows that can
occur in different groups of illumination devices whenev-
er, for example, a sensor detects an intruder within the
structure, or within a perimeter of the structure.

[0117] The button on the global keypad 57 therefore
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can activate an away mode for detecting movement or,
alternatively, when not activated, the button can enable
anatural show. Therefore, depending on the state of that
button on the global keypad, either a natural show of
automatically and periodically changing color tempera-
ture as a function of brightness at different times of day
along a selected dimcurve occurs prior to enabling the
panic show when an intruder is detected. Thus, in the
away mode, the natural show can continue and, when
an intruder is detected, the natural show automatically
changes to the panic show. Activation of the away mode
to enable the natural show prior to sensing an intruder
can occur through a single depression on a button and
a light on the global keypad will indicate the away mode
is enabled. Alternatively, the button can enable a static
scene from select ones of the multiple groups of illumi-
nation devices prior to enabling the panic show when an
intruder is detected. Thus, prior to detecting an intruder,
the button can be illuminated to indicate an away mode,
and to maintain the brightness in color temperature the
same for the select ones of the multiple groups of illumi-
nation devices prior to sensing the intruder and, once an
intruder is detected, the panic show is enabled. Accord-
ing to an alternative embodiment, the panic show can
comprise turning on and off an automatic, time succes-
sion select ones of multiple groups of illumination devices
throughout, as well as outside the structure, or simply
initiating a change in color of the select ones of the mul-
tiple groups of illumination devices.

[0118] It will be appreciated to those skilled in the art
having the benefit of this disclosure that this invention is
believed to provide an improved illumination system and
method that not only allows mapping of dimcurves for
each of multiple groups of illumination devices into the
corresponding illumination devices, but also using those
mapped dimcurves to allow modification of any and all
natural shows throughout a structure when an intruder
is detected. A remote controller with a graphical user in-
terface provides the ease by which mapping of dimcurve
tables takes place, and multiple keypads assigned to
groups of illumination devices allows easy momentary
and persistent changes, as well as permanent changes,
to the various scenes which form a natural show along
the dimcurve. Further modifications and alternative em-
bodiments of various aspects of the invention will be ap-
parent to those skilled in the art in view of this description.
It is intended, therefore, that the following claims be in-
terpreted to embrace all such modifications and changes.

ITEMIZED EMBODIMENTS THAT ARE PART OF THE
DESCRIPTION

[0119]

1. A keypad programming of light emitting diode
(LED) illumination devices, comprising:

programming a first pair of buttons to increase
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and decrease brightness among a first plurality
of illumination devices arranged within a first
zone of a structure;

programming a second pair of buttons to in-
crease and decrease brightness among the first
plurality of illumination devices as well as among
a second plurality of illumination devices ar-
ranged within a second zone of the structure,
wherein the first plurality of illumination devices
within the first zone and the second plurality of
illumination devices within the second zone
combine to form an illumination scene whose
first and second plurality of illumination devices
are adapted for control of color temperature
thereof as a function of brightness;
programming a fourth pair of buttons to increase
and decrease color temperature among the first
and second plurality of illumination devices with-
in the illumination scene;

programming a fifth pair of buttons to increase
and decrease brightness among the second plu-
rality of illumination devices;

depressing atleast one of the first pair of buttons
to adjust brightness to preset a first zone bright-
ness value among the first plurality of illumina-
tion devices;

depressing atleast one of the fifth pair of buttons
to adjust brightness to preset a second zone
brightness value among the second plurality of
illumination devices; and simultaneously de-
pressing the second pair of buttons to store the
preset first and second zone brightness values.

2. The keypad programming recited in item 1, further
comprising:

after depressing the fifth pair of buttons and be-
fore simultaneously depressing the second pair
of buttons, depressing the fourth pair of buttons
toadjust colortemperature to a preset colortem-
perature value among the first and second plu-
rality of illumination devices of the illumination
scene; and

simultaneously depressing the second pair of
buttons to store the preset first and second zone
brightness values and the preset color temper-
ature value.

3. The keypad programming recited in item 1, further
comprising:

depressing one of the second pair of buttons to in-
crease brightness among the first and second plu-
rality of illumination devices up to and not above the
preset first and second zone brightness values.

4. The keypad programming recited in item 2, further
comprising: depressing one of the second pair of but-
tons to increase brightness and color temperature
among the first and second plurality of illumination
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devices up to and not above the preset first and sec-
ond zone brightness values and the preset color tem-
perature value.

5. A method for programming control of a first and
second plurality of light emitting diode (LED) illumi-
nation devices assigned to a keypad, comprising:

providing a remote controller having a graphical
user interface (GUI) that is remote from and
wirelessly coupled to the first and second plu-
rality of illumination devices and the keypad;
assigning on the GUI the first plurality of illumi-
nation devices to a first zone and the second
plurality of illumination devices to a second
zone;

assigning the first zone to a first portion of the
keypad that is coupled to a first gang of a two-
gang switchbox and assigning the second zone
to a second portion of the keypad thatis coupled
to a second gang of the two-gang switchbox;
creating on the GUI a plurality of scenes, each
of which controls the color temperature as a
function of brightness and time of day for the
first and second plurality of illumination devices;
and

grouping onthe GUl atimed sequence of scenes
from among the plurality of scenes to form a nat-
ural show along a first dimcurve having a higher
color temperature substantially near a midpoint
in time between sunrise and sunset.

6. The method as recited in item 5, further comprising
changing brightness of the first plurality of illumina-
tion devices among the first zone and the second
plurality of illumination devices among the second
zone by depressing a first of the plurality of buttons
on the first portion and a fifth of the plurality of buttons
on the second portion, respectively.

7. The method asrecited initem 5, further comprising
changing brightness of both the first and second plu-
rality of LEDs by depressing a second of the plurality
of buttons on the first portion to change color tem-
perature less during the midpoint in time than nearer
sunrise and sunset.

8. The method asrecited initem 5, further comprising
changing the natural show to be along a second dim-
curve having less brightness than the first dimcurve
among the first and second plurality of illumination
devices during the timed sequence of scenes yet at
a color temperature among the first and second plu-
rality of illumination devices that changes differently
along the second dimcurve than the first dimcurve
as a function of the lessening in brightness.

9. The method as recited in item 8, further comprises
permanently changing the natural show to be along
the second dimcurve comprising:

changing brightness among the firstand second plu-
rality of illumination devices for at least one scene
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among the timed sequence of scenes by depressing
the second of the plurality of buttons on the first por-
tion and by thereafter depressing a third of the plu-
rality of buttons on the first portion for a pre-deter-
mined amount of time.

10. The method as recited in item 8, further compris-
es persistently changing the natural show to be along
the second dimcurve comprising:

changing brightness among the first and second
plurality of illumination devices for at least one
scene among the timed sequence of scenes by
depressing the second of the plurality of buttons
on the first portion; and

changing brightness among the first and second
plurality of illumination devices back to the first
dimcurve after a timeout has expired.

11. The method as recited in item 5, further compris-
ing changing the natural show to be along a second
dimcurve having less brightness and less color tem-
perature than the first dimcurve among the first and
second plurality of illumination devices during the
timed sequence of scenes yet the amount of said
less color temperature is dependent on the time of
day as a function of the amount of said less bright-
ness.

12. The method as recited in item 11, further com-
prises permanently changing the natural show to be
along the second dimcurve comprising:

changing brightness and color temperature among
the first and second plurality of illumination devices
for at least one scene among the timed sequence of
scenes by depressing the second of the plurality of
buttons on the first portion and a fourth of the plurality
of buttons on the first portion and thereafter depress-
ing a third of the plurality of buttons on the first portion
for a pre-determined amount of time.

13. The method as recited in item 11, further com-
prises persistently changing the natural show to be
along the second dimcurve comprising:

changing brightness and color temperature
among the first and second plurality of illumina-
tion devices for at least one scene among the
timed sequence of scenes by depressing the
second of the plurality of buttons on the first por-
tion; and

changing brightness and color temperature
among the first and second plurality of illumina-
tion devices back to the first dimcurve after a
timeout has expired.

14. An illumination system, comprising:
multiple groups of light emitting diode (LED) il-

lumination devices arranged among respective
multiple zones throughout a structure;
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a singular, global keypad communicatively cou-
pled to the multiple groups of illumination devic-
es and including a plurality of buttons arranged
upon the global keypad;and

wherein at least one of the plurality of buttons
enable a panic show to turn on and off in auto-
matic, periodic succession select ones of the
multiple groups of illumination devices.

15. The illumination system as recited in item 14,
wherein the at least one of the plurality of buttons
comprises an away button to activate a sensor to
detect movement within the structure and, in re-
sponse to said movement, to turn on and off in au-
tomatic, periodic succession the select ones of the
multiple groups of illumination devices.

16. The illumination system as recited in item 14,
wherein the at least one of the plurality of buttons
enables a natural show of automatically and period-
ically change color temperature as a function of
brightness at different times of the day prior to ena-
bling the panic show when an intruder is detected
within the structure.

17. The illumination system as recited in item 14,
wherein the at least one of the plurality of buttons
enables a scene that maintains the brightness and
colortemperature from the select ones of the multiple
groups of illumination devices prior to enabling the
panic show when an intruder is detected within the
structure.

18. The illumination system as recited in item 14,
wherein the select ones of the multiple groups of
illumination devices is less than the multiple groups
of illumination devices.

19. The illumination system as recited in item 14,
wherein the select ones of the multiple groups of
illumination devices comprise at least one of the mul-
tiple groups of illumination devices arranged outside
of the structure.

20. The illumination system as recited in item 14,
wherein the multiple groups of illumination devices
comprise all illumination devices throughout the
structure.

21. An illumination system, comprising:

multiple groups of light emitting diode (LED) il-
lumination devices arranged among respective
multiple zones throughout a structure;

a singular, global keypad communicatively cou-
pled to the multiple groups of illumination devic-
es and including a plurality of buttons arranged
upon the global keypad;and

wherein at least one of the plurality of buttons
enable a panic show to change color in select
ones of the multiple groups of illumination de-
vices when an intruder is detected within the
structure or within a pre-defined distance of the
structure.
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22. A method forilluminating a structure, comprising:

emitting light from multiple groups of light emit-
ting diode (LED) illumination devices within and
proximate to a structure;

depressing a button on a singular, global keypad
to activate an away mode of operation;
detecting an intruder within the structure or with-
in a pre-defined distance of the structure; and
initiating a panic show among select ones of the
multiple groups of illumination devices.

23. A system for creating dimcurve mappings of nat-
ural shows among a plurality of illumination scenes,
comprising:

a plurality of light emitting diode (LED) illumina-
tion devices arranged throughout a structure;
a remote controller having a graphical user in-
terface (GUI) adapted for creating a first scene
and a second scene among the plurality of illu-
mination scenes applied exclusively to a first
group of the plurality of illumination devices;
wherein the GUl is adapted to assign a first color
temperature as a first function of brightness for
the first group of the plurality of illumination de-
vices to form the first scene at a first time of day;
wherein the GUI is adapted to assign a second
color temperature as the first function of bright-
ness for the first group of the plurality of illumi-
nation devices to form the second scene at a
second time of day different from the first time
of day; and

a storage medium within each of the first group
of the plurality of illumination devices configured
to store the first and second color temperatures
as the first function of brightness for the respec-
tive first and second scenes to form at least a
portion of a first dimcurve mapping of a first nat-
ural show.

24. The system as recited in item 23, further com-
prising:

wherein the GUI is adapted for creating third
scene and a fourth scene among the plurality of
illumination scenes applied exclusively to the
first group of the plurality of illumination devices;
wherein the GUl is adapted to assign a third color
temperature as a second function of brightness
for the first group of the plurality of illumination
devices to form the third scene at the first time
of day;

wherein the GUI is adapted to assign a fourth
color temperature as the second function of
brightness for the first group of the plurality of
illumination devices to form the fourth scene at
the second time of day; and



51 EP 4 080 339 A1 52

wherein the storage medium within each of the
first group of the plurality of illumination devices
configured to store the third and fourth color tem-
peratures as the second function of brightness
for the respective third and fourth scenes to form
atleast a portion of a second dimcurve mapping
of a second natural show.

25. The system as recited in item 24, wherein the
second function of brightness is different from the
first function of brightness.

26. The system as recited in item 23, wherein the
second color temperature is greater than the first
color temperature if the second time of day is closer
to local noon time than the first time of day.

27. The system as recited in item 24, wherein the
difference between the first and third color temper-
atures is greater than the difference between the
second and fourth color temperatures if the second
time of day is closer to local noon time than the first
time of day.

28. A method for generating a first natural show as-
sociated with a first dimcurve and thereafter chang-
ing the first natural show to a second natural show
associated with a second dimcurve that is smooth
and non-disjointed, comprising:

first fetching a first dimcurve comprising a first
series of scenes assigned to at least one group
of light emitting diode (LED) illumination devic-
es, each of said first series of scenes including
a color temperature as a first function of bright-
ness;

assigning the first series of scenes a time-
spaced distance apart throughout the day to
form the first natural show associated with the
first dimcurve of color temperatures that in-
crease from sunrise to noon and decreases from
noon to sunset; and

changing the brightness or color temperature of
one of said first series of scenes at a particular
time of day between sunrise to sunset;

if the changed brightness or color temperature
of one of said first series scenes is within a pre-
defined distance of a point on the second dim-
curve, second fetching at least a portion of the
second dimcurve comprising a second series of
N number of scenes preceding the changed
scene and N number of scenes succeeding the
changed scene to provide a smooth and non-
disjointed second natural show.

Claims

A method for programming control of a first and sec-
ond plurality of light emitting diode, LED, illumination
devices assigned to a keypad, comprising:
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providing a remote controller having a graphical
userinterface, GUI, thatis remote from and wire-
lessly coupled to the first and second plurality
of illumination devices and the keypad;
assigning on the GUI the first plurality of illumi-
nation devices to a first zone and the second
plurality of illumination devices to a second
zone;

assigning the first zone to a first portion of the
keypad that is coupled to a first gang of a two-
gang switchbox and assigning the second zone
to a second portion of the keypad that is coupled
to a second gang of the two-gang switchbox;
creating on the GUI a plurality of scenes, each
of which controls the color temperature as a
function of brightness and time of day for the
first and second plurality of ilumination devices;
and

grouping onthe GUl atimed sequence of scenes
from among the plurality of scenes to form a nat-
ural show along a first dimcurve having a higher
color temperature substantially near a midpoint
in time between sunrise and sunset.

The method as recited in claim 1, further comprising
changing brightness of the first plurality of illumina-
tion devices among the first zone and the second
plurality of illumination devices among the second
zone by depressing a first of the plurality of buttons
on the first portion and a fifth of the plurality of buttons
on the second portion, respectively.

The method as recited in claim 1, further comprising
changing brightness of both the first and second plu-
rality of LEDs by depressing a second of the plurality
of buttons on the first portion to change color tem-
perature less during the midpoint in time than nearer
sunrise and sunset.

The method as recited in claim 1, further comprising
changing the natural show to be along a second dim-
curve having less brightness than the first dimcurve
among the first and second plurality of illumination
devices during the timed sequence of scenes yet at
a color temperature among the first and second plu-
rality of illumination devices that changes differently
along the second dimcurve than the first dimcurve
as a function of the lessening in brightness.

The method as recited in claim 4, further comprises
permanently changing the natural show to be along
the second dimcurve comprising:

changing brightness among the firstand second plu-
rality of illumination devices for at least one scene
among the timed sequence of scenes by depressing
the second of the plurality of buttons on the first por-
tion and by thereafter depressing a third of the plu-
rality of buttons on the first portion for a pre-deter-
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mined amount of time.

The method as recited in claim 4, further comprises
persistently changing the natural show to be along
the second dimcurve comprising:

changing brightness among the first and second
plurality of illumination devices for at least one
scene among the timed sequence of scenes by
depressing the second of the plurality of buttons
on the first portion; and

changing brightness among the first and second
plurality of illumination devices back to the first
dimcurve after a timeout has expired.

The method as recited in claim 1, further comprising
changing the natural show to be along a second dim-
curve having less brightness and less color temper-
ature than the first dimcurve among the firstand sec-
ond plurality of illumination devices during the timed
sequence of scenes yet the amount of said less color
temperature is dependent on the time of day as a
function of the amount of said less brightness.

The method as recited in claim 7, further comprises
permanently changing the natural show to be along
the second dimcurve comprising:

changing brightness and color temperature among
the first and second plurality of illumination devices
for at least one scene among the timed sequence of
scenes by depressing the second of the plurality of
buttons on the first portion and a fourth of the plurality
of buttons on the first portion and thereafter depress-
ing a third of the plurality of buttons on the first portion
for a pre-determined amount of time.

The method as recited in claim 7, further comprises
persistently changing the natural show to be along
the second dimcurve comprising:

changing brightness and color temperature among
the first and second plurality of illumination devices
for at least one scene among the timed sequence of
scenes by depressing the second of the plurality of
buttons on the first portion; and changing brightness
and color temperature among the first and second
plurality of illumination devices back to the first dim-
curve after a timeout has expired.

A system to carry out the method of any of claims 1
through 9.

A computer-readable storage medium comprising
instructions that, when executed by a processor,
cause the processor to carry out the method of any
of claims 1 through 9.
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