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MULTIMODE COLOR TUNABLE LIGHT SOURCE AND DAYLIGHTING SYSTEM
FIELD

[001] The present disclosure relates to daylighting systems and methods
that utilize a multimode color tuneable light source in combination with a source of

natural light.

BRIEF DESCRIPTION OF THE DRAWINGS

[002] FIG. 1 depicts a lighting system according to the prior art.

[003] FIGS. 2A-2D depict various non-limiting embodiments of a lighting
system in accordance with the present disclosure.

[004] FIGS. 3A and 3B provide exemplary red, green, blue, and clear
sensor data measured by at least one daylight sensor during a sunny (FIG. 3A) and

cloudy (FIG. 3B) day.

DETAILED DESCRIPTION

[005] As used herein, the term “color” is used interchangeably with the term
“spectrum.” However, the term, “color” generally is used to refer to a property of
radiation that is perceivable by an observer (though this usage is not intended to limit
the scope of this term). Accordingly, the term “different colors” implies two different
spectra with different wavelength components and/or bandwidths. In addition, “color”
may be used to refer to white and non-white light.

[006] For the purpose of this disclosure, the term “color temperature” refers
to a particular color content or shade (reddish, bluish, etc.) of white light. The color
temperature of a radiation sample is conventionally characterized according to the
temperature in degrees Kelvin (K) of a black body radiator that radiates essentially

the same spectrum as the radiation under examination. Daylight typically has a

color temperature ranging from about 700K to over 10,000K, with lower color
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temperature corresponding to light having a more significant red component, and
higher temperature corresponding to light having a more significant blue component.
For reference, early morning light can exhibit a color temperature around 3,000K,
whereas overcast skies can exhibit a color temperature of around 10,000K.

[007] Reference will now be made in detail to exemplary embodiments of
the disclosure, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[008] The use and provision of daylight (daylighting) is becoming of
increasing concern to architects and building engineers. Daylight can enhance the
appearance of interior spaces, and can provide building occupants with social and
psychological benefits. In addition, daylight can be used as a substitute or
supplement to artificial lighting, which may reduce the overall energy usage of a
building and impart substantial savings to building owners/occupants.

[009] Traditionally, windows have been used as the primary mechanism for
admitting daylight to the interior of a building. While windows can admit a great deal
of light into an interior space, their usefulness for daylighting is limited by several
factors. For example, windows can cause substantial solar heating of building interior
spaces, particularly when used in large numbers. This can cause discomfort to
building occupants, and may increase the load on air conditioning systems used to
control the temperature of interior spaces in the building. Further, windows may not
enable natural light to penetrate to all interior spaces of a building, particularly those
interior spaces that are remote from the exterior walls of the building.

[010] As aresult, research has investigated other methods and devices for
providing natural light to interior spaces. One product of resulting from such

research is the so-called “solar tube.”
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[011] FIG.1 illustrates the structure of one type of solar tube, as installed in
a building. As shown, solar tube 100 includes a dome 101, an optical conduit 102,
and a diffuser 103. When installed, dome 101 is flush or above the roofline of a
building 105, and serves to capture and redirect daylight (e.g., from the sun and/or
the sky) into the optical conduit 102. The optical conduit 102 has one or more highly
reflective interior surfaces (not labeled). As a result, captured daylight reflects one or
multiple times off the interior surface(s) of the optical conduit, and is ultimately
delivered to the diffuser 103.

[012] While solar tubes such as the one depicted in FIG. 1 are capable of
bringing significant daylight to the interior spaces of a building, they are not without
limitations. Indeed, factors such as the position of the sun, the weather, and the
clarity and diffuse radiance of the sky all impact the utility of solar tube. Many of
these factors change over the course of a day, which means that the efficiency, light
quality, and illumination capability of a solar tube changes dynamically. By way of
example, solar-tubes such as the one depicted in FIG. 1 are generally ineffective for
night-time illumination of the interior spaces of a building. Moreover, solar-tubes are
often insufficient by themselves to illuminate darker areas.

[013] One mechanism for addressing these limitations is to provide a
combined lighting system, wherein one or more solar-tubes are utilized in
conjunction with artificial lighting, such as incandescent or fluorescent lamps. The
artificial lighting supplements the natural light provided by the solar-tube(s), and
provides a mechanism for evening illumination. Such combined lighting systems can
be operated with drivers that react to light intensity and change the intensity
(brightness) of the artificial light sources, e.g., as a function of location in the building

and the time of day.



WO 2012/166301 PCT/US2012/036888

[014] While the addition of an artificial light source addresses some of the
issues attendant to the use of solar-tubes for interior illumination, they result in the
mixing of natural and artificial light from different sources, namely a solar-tube and a
nearby fixture. Because artificial light sources typically have a single color and color
temperature that is different from the color and color temperature of natural light, the
combination of artificial light provided by such light sources with the natural light
provided by a solar-tube can result in a perceptible and undesirable color difference.
This color difference may be exacerbated during parts of the day, as the color
temperature and intensity of the natural light provided by the solar-tube changes
dynamically, e.g., with the position of the sun.

[015] Because typical combined lighting systems utilize artificial lighting that
has a fixed color and color temperature, such systems are generally incapable of
addressing the aforementioned color difference, even if they are equipped with
drivers that adjust the intensity of the artificial lighting. Moreover, such systems do
not provide the capability to override the color and/or temperature of the natural light
provided by a solar-tube when undesirable conditions exist, to supplement the
spectrum and/or color of light provided by the solar-tube, and/or simulate desirable
lighting conditions (e.g., producing a “sunny day” interior lighting profile, even when it
is raining outside the building).

[016] Accordingly, one aspect of the present disclosure relates to lighting
systems that combine a source of natural light, such as a solar tube, with at least
one artificial light source that is capable of producing light of varying color and/or
color temperature.

[017] FIG. 2A illustrates one example of a lighting system 200 in
accordance with the present disclosure. As shown, the lighting system 200 includes

a solar-tube installed through the roofline 204 of a building 205. The solar-tube
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includes an inlet for capturing natural light, in this case dome 201. Dome 201
captures natural light, e.g., from the sun and/sky, and conveys it to an optical conduit
202. Similar to a traditional solar-tube, the optical conduit 202 includes highly
reflective interior surfaces, which allow it to efficiently convey the captured natural
light to a diffuser 203.

[018] While the lighting system is shown as including a dome 201turing
light, it should be understood that an inlet having any structure or mechanism for
capturing natural light may be used. Non-limiting examples of such inlets include
windows, mirror systems, solar concentrators, lenses, domes or a combination
thereof.

[019] While the optical conduit 202 is depicted in FIG. 2 as being angled,
relative to the outlet of the dome 201 and the inlet of the diffuser 203, one of ordinary
skill will understand that this configuration is exemplary only, and that the optical
conduit 202 can be of any configuration suitable for delivering sunlight to the diffuser
203. For example, the optical conduit 102 may be straight, curvilinear, angled, or a
combination thereof. The optical conduit 102 may also be configured in the form of a
window, or skylight. In such instances, the optical conduit may be of any suitable
shape or configuration, e.g., quadrilateral (square, rectangular, trapezoidal, etc.),
triangular, oblong, etc. In some embodiments, the optical conduit is configured to
convey the captured natural light to diffuser 203 with less than about 1% loss, such
as less than about 0.5% loss, or even less than about 0.1% loss. Moreover, the
solar tube may be configured to utilize one (as shown) or more than one (e.g., 2, 3,
4, etc.) optical conduits for each dome 201 and diffuser 203.

[020] The diffuser 203 receives sunlight from the optical conduit 202, and
distributes it into the interior of the building 205. In general, the diffuser 203 is

configured to provide a desired distribution of natural light within an illuminated
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space. For example, the diffuser 203 may be configured as a convex dome, so as to
provide even or substantially even distribution of the natural light received from the
optical conduit 202. However, the shape and configuration of diffuser 203 may be
altered to achieve a wide variety of optical distributions and/or effects. Moreover,
while the diffuser 203 is shown in FIG. 2A mounted below the ceiling 206 of an
interior space of the building 205, it should be understood that the diffuser 203 can
be mounted in any manner, and positioned anywhere that delivery of natural light
captured by the dome 201 is desired.

[021] In addition to the aforementioned components, the lighting systems
described herein include at least one artificial light source 207. As non-limiting
examples of suitable artificial light sources that may be used in accordance with the
present disclosure, mention is made multimode artificial light sources, and multimode
artificial light sources in combinations with single mode artificial light sources.

[022] As used herein, the term “multimode artificial light source” refers to
any of a variety of radiation sources having at least two selectable colors and/or
color temperatures. Such sources include, but are not limited to LED-based sources
as defined below, incandescent sources (filament lamps, halogen lamps) with
multiple selectable colors and/or color temperatures, fluorescent sources with
multiple selectable colors and/or color temperatures (e.g., fluorescent lamps with two
or more color temperatures), and high intensity discharge sources (e.g., sodium,
mercury, and metal halide lamps) with multiple selectable colors and/or color
temperatures. In some embodiments, the multimode light sources used herein are
capable of exhibiting a wide range of colors and color temperatures, such as the
colors in the red, green, blue (RGB) gamut and/or the red, green, blue, and yellow

(RGBY) gamuit.
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[023] As used herein, the terms, “light emitting diode” and “LED” are used
interchangeably, and refer to any light emitting diode or other type of carrier
injection/junction-based system that is capable of generating radiation in response to
an electrical signal. Thus, the term LED includes, but is not limited to, various
semiconductor-based structures that emit light in response to current, light emitting
polymers, light emitting stripes, electro-luminescent strips, and the like.

[024] In particular, the term LED refers to light emitting diodes of all types
(including semi-conductor and organic light emitting diodes) that may be configured
to generate light in all or various portions of one or more of the visible, ultraviolet,
and UV spectrum. Non-limiting examples of suitable LEDS that may be used include
various types of infrared LEDS, ultraviolet LEDS, red LEDS, green LEDS, blue
LEDS, yellow LEDS, amber LEDS, orange LEDS, and white LEDS. Such LEDS may
be configured to emit light over a broad spectrum (e.g., the entire visible light
spectrum) or a narrow spectrum.

[025] The LED light sources used in the present disclosure may be formed
by one or a plurality of individual LEDS. For example, the LED light source may be
configured to include a number of individual LEDS that emit different spectra but
which, collectively, emit light that is of a desired color (e.g., white, red, blue, green,
yellow, orange, amber, etc.) and/or color temperature. An LED may also be
associated with a phosphor that is an integral part of the LED.

[026] In some embodiments, the artificial light source 207 is a multimode
light source that includes at least one red (R), green (G) and blue (B) LED, and
optionally at least one yellow (Y) LED. The R, G, B, and optionally Y LEDS each
emit light in individual regions of the visible spectrum but, collectively, enable the
artificial light sources 207 to emit light of any color, including any or a subset of

colors in the RGB and/or RGBY gamut. Alternatively or additionally, the lighting
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systems of the present disclosure may make use of so-called color tunable LEDS,
i.e., individual LEDs with adjustable color temperature and optionally adjustable
intensity. As a non-limiting example of such color tunable LEDS, mention is made of
phosphor converting LEDS.

[027] The multimode artificial light sources of the present disclosure may be
supplemented with single mode artificial light sources, e.g., to increase intensity
and/or color reproduction over a desired range of the spectrum. As used herein, the
term, “single mode artificial light source” refers to a wide range of light sources that
exhibit a single color and color temperature. Such sources include, but are not
limited to, conventional incandescent, fluorescent, and high intensity discharge
sources (e.g., lamps), as well as single mode LED sources (e.g., high intensity white
LEDS that do not have an adjustable or selectable color and color temperature).

[028] In some embodiments, the lighting systems described herein utilize a
combination of multimode LED light sources with fluorescent lamps. For example,
the multimode LED light sources described above can be combined with single
mode fluorescent lamps, multimode fluorescent lamps, and/or multiple single mode
fluorescent lamps that have different color temperatures. In these embodiments, the
fluorescent lamps can be dimmed/driven to provide light of a desired intensity, while
the LED sources are driven to supply additional color emphasis/shift.

[029] The single mode and multimode artificial sources may be capable of
emitting light over a wide range of intensity (brightness) values. In some
embodiments, the single mode sources and multimode sources used in the lighting
systems described herein may, individually or collectively, emit light at an intensity of
up to about 25,000 lux or more, where 1 lux = 1 lumen per square meter. For
example, such sources may, individually or collectively, exhibit an intensity ranging

from greater that 0 to about 25,000 lux, such as about 1000 to about 20,000 lux,
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about 2500 to about 15000 lux, about 5000 to about 12500 lux, or even from about
8000 to about 12000 lux. In some the artificial light sources used in the present
disclosure exhibit an intensity approximating that of natural light supplied by at least
one solar-tube. In some embodiments, the intensity of the single and multimode
artificial light sources can be actively changed, e.g., via dimming.

[030] In some embodiments, at least one of the artificial light sources
described herein is installed within at least one component of a solar-tube. For
example, and as shown in FIG. 2A, artificial light sources 207 may be installed
periodically along the interior of the optical conduit 202. Of course, the positioning of
the artificial light sources 207 in FIG. 2 is exemplary only, and such sources may be
positioned at any suitable location within the solar tube, including within the dome
201 and the diffuser 203. Moreover, if multiple artificial light sources 207 are used,
they may be arranged in any manner within the solar-tube. For example, the artificial
light sources 207 may be arranged in a geometric (circular, triangular, square,
rectangular, etc.) or irregular shape about a circumference of an interior of any of the
dome 201, the optical conduit 202, and/or the diffuser 203. Alternatively or
additionally, the artificial light sources 207 may be disposed in a random, patterned,
and/or non-random, non-patterned fashion.

[031] In some embodiments, the artificial light sources are disposed
internally or externally of a solar-tube, and in such a manner that light emitted from
the artificial light sources mixes with the natural light supplied by the solar-tube. This
concept is illustrated generally in FIG. 2C, wherein the artificial light source 207 (in
this case a color tunable LED source) is disposed adjacent to a source of daylight,
e.g., a solar tube containing a dome 201, an optical conduit 202, and a diffuser 203.

As shown, light from the artificial light source 207 and natural light supplied by the
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[032] By mixing light supplied by the artificial and natural light sources in
this way, light from all sources is mixed (e.g., in a component of the solar-tube itself)
prior to leaving a common outlet, such as a diffuser 203. This can give the
impression that all of the light radiating from the outlet originated from a single
source. It can also eliminate or address the perceptible color difference problem
discussed above.

[033] As described later, some embodiments of the present disclosure
utilize artificial light sources that are mounted outside of the solar-tube and any
mixing chamber. While such configurations may forego the “single source” benefit
described above, they can provide other useful features and/or design flexibility.

[034] The lighting systems of the present disclosure may also include one
or more shutters 208, which operate to control the intensity of the natural light
admitted by the solar-tube. The shutters 208 may be manually or
electromechanically actuated, thereby permitting manual, electronic, and automatic
control over the intensity of the natural light emitted by the solar tube. In some
embodiments, the shutter 208 is electromechanically actuated, and is responsive to
control signals emitted by a control unit that may also be included in the lighting
system, as described below.

[035] Shutter 208 can be configured to alter the intensity of the natural light
admitted by a solar tube by preventing all or a portion of the natural light from
passing to the diffuser 203. In some embodiments, shutter 208 can block up to
about 50%, such as up to about 75%, or even up to about 99% of the natural light

captured by the dome 201 from entering a space to be illuminated. The shutter 208
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[036] In conjunction with other aspects of the present disclosure, the shutter
208 can assist the lighting systems described herein to “override” or supplement the
natural light captured by dome 201, e.g., by limiting the contribution of the natural
light to the overall light supplied by the lighting system as described below.

[037] When the lighting systems described herein are installed in a location
that includes at least one window, they may further include a manually or
automatically actuated window shutter. This concept is reflected in FIGS. 2B and
2D, wherein a daylight sensor 209 (later described) is mounted in window 213.
Window shutter 214 is mounted in window 213, and serves to control the amount
and intensity of natural light entering the building through the window 213, e.g., in
response to control signals transmitted from a control unit (later described).

[038]

[039] As further shown in FIG. 2B, the lighting systems described herein
may include a control unit 211 that is communicating with the artificial light sources
207 and/or the shutter 208. In operation, the control unit 211 outputs control signals
to the artificial light sources 207 and, optionally, the shutter 208. Based on the
content of those control signals, the artificial light sources 207 emit light of a desired
color, color temperature and, optionally, intensity. In addition, the shutter 208
actuates to adjust the intensity of the natural light provided by the solar tube. In this
way, control unit 211 provides “instructions” to the shutter 208 and the artificial light
sources 207, so as to achieve a desired lighting profile.

[040] As used herein, the term “lighting profile” refers to the spectral
characteristics (color, temperature, intensity, etc.) of light provided by a light source

or system. Lighting profiles may be natural (e.g., recorded or measured from a
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natural environment such as the outdoors), or synthetic (e.g., manually developed, or
measured from an unnatural source such as a photograph). Data making up a
lighting profile may be generated from active and optionally real-time data
measurements of a natural environement, manual inputs, the measurement of a
sample of a lighting environment (e.g., a photograph, a video image, etc.), or a
combination thereof. For example, a “natural”

lighting profile may be generated by measuring or recording desirable natural light
conditions with a daylight sensor, such as the lighting conditions encountered on a
clear sunny day, or at a famous location such as a popular beach. On the other
hand, “artificial” lighting profiles may be manually created, determined by a lighting
algorithm, or conducting a spectral analysis of a sample of a lighting environment,
such as a photograph.

[041] The control unit 211 may include a memory that can, for example,
store one or more lighting profiles in machine readable format. In this way, the
control units described herein allow for the automatic or manual selection of
desirable lighting profiles that can supplement or override the natural light supplied
by the solar-tube or another source of natural light.

[042] The control unit 211 may further include a processor. The processor
can operate to analyze and interpret environmental signals received from
environmental sensors, such as the daylight sensor(s) 209 and ambient sensor(s)
210 later described. Based on that analysis, the control unit can output control
signals to the artificial light sources 207 and/or the shutter 208. Such control signals
can be in any desired format, including but not limited to the DMX and DALI
protocols commonly used in lighting systems.

[043] As mentioned above, and as illustrated in FIG. 2B, the lighting

systems described herein can further include at least one environmental sensor,
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[044] In operation, the daylight sensor 209 monitors spectral characteristics
of an external environment (e.g., the outdoors), and transmits one or more
environmental signals to the control unit 211 for analysis and interpretation. For
example, the daylight sensor may operate to monitor color characteristics (e.g.,
wavelength (color), color temperature, and intensity) present in an outdoor
environment. In some embodiments, multiple daylight sensors are used and are
placed at different locations throughout a building. Each daylight sensor operates to
monitor the color characteristics of the daylight from its respective location, and to
generate environmental signals for transmission to control unit 211.

[045] Based on the information contained in the environmental signals
produced by the daylight sensor 209, control unit 211 outputs control signals to the
artificial light sources 207 (and/or shutter 208), and alters the color and intensity of
the light produced by the artificial light sources 207 to account for undesirable
characteristics in the natural light. In some embodiments, the color and/or intensity
of the light produced by the artificial light sources 207 is adjusted by control unit 211
so as to substantially mimic or supplement the color and/or intensity of natural light.
In cases where the artificial light supplements the natural light, it may “fill in” or
override gaps and/or undesirable variations in the spectrum of the natural light so as
to achieve light of desired quality, color, and/or spectral characteristics.

[046] To illustrate this concept, reference is made to FIGS. 3A and 3B,

which plot Red (R), Green (G), Blue (B) and clear (C) light intensity vs. time of day
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as measured by a daylight sensor during a sunny (FIG. 3A) and a cloudy (FIG. 3B)
day. As shown in FIG. 3B, the RGBC data corresponding to a cloudy day can exhibit
significant and seemingly random variation, as compared with the RGBC data
corresponding to a sunny day. During the cloudy day, the natural light supplied by a
solar tube would be in accordance with the data shown in FIG. 3B, which could lead
to undesirable lighting conditions in an interior space.

[047] In some embodiments of the present disclosure, the control unit 211
of the present disclosure can address this undesirable variability by comparing the
data acquired by the daylight sensor to one or more lighting profiles. Based on this
comparison, control unit 211 can output control signals that cause artificial lighting
units to compensate for the undesirable variability in the monitored natural light.
Using FIGS. 3A and 3B as an example, the control until 211 can perform a
comparison of the RGBC sensor data measured during the cloudy day (FIG. 3B) with
the desirable RGBC sensor data measured during a sunny day (FIG. 3A). Based on
this comparison, the control unit 211 can instruct the artificial lighting units 207 to
output light of a color and intensity sufficient to account for the variability in the rainy
day RGBC data.

[048] For example, if the RGBC data showed that relatively little blue light
was emitted during a cloudy day, relative to a sunny day, the control unit 211 can
instruct the artificial lighting units 207 to emit blue light of a corresponding color
(wavelength) and intensity to “normalize” the cloudy day RGBC data to the sunny
day RGBC data. In this way, an artificial light source as described above can be
driven by a local sensor, thus allowing dynamic changes of the lighting conditions
supplied by the lighting systems described herein.

[049] As is understood in the art, the data provided by an environmental

sensor such as a daylight sensor does not always correlate to the emitted color and
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[050] The control unit 211 can regulate the light output of artificial light
sources 207, the operation of shutter 208, and the operation of window shutter 213
(when used), through a wired or wireless connection. For example, the control unit
211 may communicate wirelessly with receivers 215 on the artificial light sources
207, shutter 208, and window shutter 213, either directly or through one or more
wireless repeaters 212. Such wireless communication may occur using the 802.11
wireless standard, the 802.15.4 wireless standard, or another suitable wireless
communication protocol.

[051] In some embodiments, each artificial light source 207 is individually
addressable by the control unit 211. As a result, the control unit 211 can control the
output of each artificial light source 207 individually, even when a large number of
artificial light sources are employed. Moreover, control unit 211 can alter the output
of artificial light sources installed in one location independently of artificial light
sources installed at another location.

[052] In addition to the aforementioned daylight sensor(s) 209, the lighting
systems of the present disclosure may further include at least one ambient light
sensor 210. Like the daylight sensor 209, the ambient sensor 210 functions to

monitor color and other environmental characteristics, and to transmit environmental
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signals to control unit 211. However, instead of monitoring an external environment,
the ambient sensor 210 is configured to monitor the lighting conditions (e.g., color,
color temperature, intensity, etc.) of an area illuminated by the lighting systems
described herein, and output environmental signals containing that information to the
control unit 211. Those environmental signals can be used by the control system
211 to fine tune the output of the artificial light sources 207, e.g., by comparing the
color and intensity characteristics of light outputted by the lighting system against a
lighting profile stored in the memory of the control unit 211.

[053] In addition, ambient sensors 210 can permit more flexible positioning
of the artificial light sources 207. For example, the artificial light sources may be
mounted external to a solar tube, and without the use of a previously described
mixing chamber 215. In some embodiments, the artificial light sources are placed a
significant distance from the solar tube, such as from greater than 0 to about 100
feet or more.

[054] As noted above, the placement of artificial light sources outside of a
solar tube can result in perceptible color variations between the light supplied by the
artificial light source and the natural light supplied by the solar tube. While such
placement is envisioned by the present disclosure, it may be desirable to control the
degree of color difference between the artificial light sources and natural light
sources described herein. Accordingly, in some embodiments of the present
disclosure, the ambient sensor(s) 210 and control unit 211 cooperatively function to
monitor and adjust the color, color temperature, and/or intensity of the light outputted
by the artificial light sources, relative to the color and intensity of the light outputted
from a natural light source, such as the solar tube. In this way, the lighting systems

described herein can illuminate an area with a lighting profile that is substantially
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uniform, or which incorporates regions illuminated by light of varied color, color
temperature, and/or intensity.

[055] FIG. 2D illustrates one non-limiting example of this concept. As
shown, lighting system 200 includes multiple solar tubes having a dome 201, an
optical conduit 202, a diffuser 203, and a shutter 208. Artificial light sources 207,
e.g., tunable LED sources, are mounted external to the solar tubes, such as to a
ceiling 206 of an internal space of a building 205. Daylight sensor 209 measures the
color and intensity information outside of a window 213, and transmits environmental
signals containing such information to control unit 211. A plurality of ambient
sensors 210 are disposed around the interior space of building 205. The plurality of
ambient sensors 210 measure the color, color temperature, and intensity of the light
present in the interior space of the building 205, the light emitted by the artificial light
sources 207, and/or the light emitted by sources of natural light, e.g., the solar tubes
and/or window 213 solar tube(s). In some embodiments, the ambient sensors are
configured to measure other environmental factors such as temperature and/or
humidity, either alone or in combination with the color, color temperature and
intensity information described above. Such temperature and humidity data could be
inputted, for example, into an HVAC control, thereby permitting control over the
lighting, temperature and humidity of a controlled environment.

[056] The ambient sensors 209 communicate the aforementioned data in
the form of environmental signals to the control unit 211. The control unit 211
analyzes the environmental signals provided by the daylight sensor 209 and the
plurality of ambient sensors 210, and outputs control signals wirelessly to the shutter
208 and the plurality of artificial light sources, via receivers 215 and optional wireless
repeaters 212. In response to those control signals, the shutters 208 actuate to

adjust the intensity of the natural light supplied by the solar tubes to the interior
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space of building 205. In addition, the color, color temperature, and/or intensity of
each of the artificial light sources 207 may be adjusted. In this way, control unit 211
is capable of actively adjusting the color, temperature, quality, and intensity of the
light supplied by the lighting system 200.

[057] Based on the above description, it should be understood that the
components of the lighting systems described herein may be located in a variety of
different locations. Thus, for example, the sensors, solar tubes, and artificial light
sources may be disposed at different locations within the same room or building.
Regardless of their positioning, such components may be individually addressable
and controllable by the control unit 211. Moreover, control unit 211 may be
configured with the capability to sending different control signals to various parts of
the lighting system (e.g., different artificial light sources, shutters, etc). As a result,
control unit 211 can issue control signals that cause differing light output and shutter
control at one point in the system, relative to another point in the system. As a
result, control system 211 can provide a significant flexibility to lighting designers
with respect to altering the overall lighting environment of an interior space. Indeed,
such systems can enable a lighting designer to design lighting environments that
utilize light of a substantially uniform color and/or intensity, or to utilize light of
varying color and/or intensity depending on location within the building, time of day,
or other factors.

[058] Another aspect of the present disclosure relates to lighting methods
that utilize the lighting systems described herein. As an example of such a method,
reference is made to FIG. 4, wherein arrows are utilized to illustrate the flow of
information and/or signals between the components of an exemplary lighting system
400 in accordance with the present disclosure. As shown, the methods described

herein include providing a lighting system 400 that includes at least one natural light
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source (e.g., a solar tube), at least one artificial light source 407 (e.g., a multimode
artificial light source), at least one environmental sensor 409, and at least one control
unit 411. The natural light source may also include at least one shutter 408 (not
shown). At least one ambient sensor 409 and at least one window shutter 410 may
also be included.

[059] In such methods, the environmental sensor (e.g., a daylight sensor)
measures at least one environmental characteristic, such as the color, color
temperature, and/or intensity of an outdoor environment. The environmental sensor
409 outputs environmental signals containing information regarding the at least one
environmental characteristic to the control system 411. In systems that utilize an
ambient sensor 410, the ambient sensor 410 measures, independently of
environmental sensor 409, environmental characteristics (e.g., color, color
temperature, and/or intensity) of an environment to be illuminated by the lighting
system 400, as well as the light outputted by the natural light source and artificial
light source 407. Based on those measurements, the ambient sensor 410 outputs
environmental signals to control system 411.

[060] Upon receiving environmental signals from the environmental sensor
409 and, optionally, the ambient sensor 410, the control system 411 outputs at least
one control signal to the artificial light sources 407 and, optionally, the shutter 408
and window shutter 414. In response to these control signals, the artificial light
sources 407 output light of a desired color, color temperature, and/or intensity. In
addition, the shutter 408 and/or the window shutter 414 may actuate to admit more
or less natural light. In this way, the control system 411 can independently control
the individual elements of lighting system 400, so as to achieve a desired lighting

profile in an illuminated space.
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[061] The lighting systems and methods of the present disclosure have
potential for substantial energy savings by enabling greater usage of natural light. In
addition, such systems are capable of replicating current daylight conditions, and
overriding current daylight conditions with a desired optional lighting profile, thus
providing numerous choices to an end user.

[062] Other embodiments of the invention will be apparent to those skilled
in the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the

following claims.
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WHAT IS CLAIMED IS:

1. A lighting system, comprising:

at least one solar tube comprising at least one inlet for receiving light from a
natural light source, at least one diffuser, and at least one optical conduit coupled to
said at least one inlet and said at least one diffuser, the at least one solar tube being
configured to deliver said natural light from a first location to a second location via
said at least one inlet, said at least one optical conduit, and said at least one diffuser;

at least one multimode artificial light source; and

at least one control unit coupled to said at least one artificial light source, and
configured to output at least one control signal to said at least one artificial light
source;

wherein said at least one multimode artificial light source is configured to
output light of varying color and color temperature in response to said at least one

control signal.

2. The lighting system of claim 1, wherein said at least one multimode artificial

light source comprises at least one light emitting diode (LED).

3. The lighting system of claim 2, wherein said at least one multimode artificial

light source comprises at least one red, green, and blue LED.

4. The lighting system of claim 1, wherein said at least one multimode artificial light
source comprises a plurality of light emitting diodes (LEDS), wherein each of said
plurality of LEDS is individually addressable and controllable by said at least one

control unit.
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5. The lighting system of claim 1, further comprising a mixing chamber
configured to receive light from said natural light source and light from said at least

one multimode artificial light source.

6. The lighting system of claim 1, wherein said at least one multimode artificial

light source is disposed within said at least one solar tube.

7. The lighting system of claim 1, further comprising at least one sensor coupled
to said at least one control unit, wherein the at least one sensor is configured to
detect at least one environmental characteristic, and output an environmental signal

to said at least one control unit, based on said environmental characteristic.

8. The lighting system of claim 7, wherein said at least one environmental
characteristic is optical information chosen from light intensity, color, color

temperature, spectral variation, and combinations thereof.

9. The lighting system of claim 1, further comprising at least one single mode

artificial light source.

10.  The lighting system of claim 9, wherein said single mode artificial light source
is chosen from single mode incandescent lamps, fluorescent lamps, high intensity

discharge lamps, halogen lamps, and combinations thereof.

11.  The lighting system of claim 10, wherein the at least one single mode artificial

light source comprises at least one first fluorescent lamp having a first color
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temperature and at least one second fluorescent lamp having a second color
temperature, wherein the first color temperature differs from the second color

temperature.

12.  The lighting system of claim 1, wherein said at least one solar tube further

comprises at least one shutter.

13.  Alighting method, comprising:
providing a lighting system, comprising:
at least one solar tube comprising at least one inlet for receiving natural
light, at least one diffuser, and at least one optical conduit coupled to said at least
one inlet and said at least one diffuser, the at least one solar tube being configured
to deliver said natural light from a first location to a second location via said at least
one inlet, said at least one optical conduit, and said at least one diffuser;
at least one multimode artificial light source;
at least one control unit coupled to said at least one multimode artificial
light source; and
at least one sensor coupled to said at least one control unit;
measuring at least one environmental characteristic with said at least one
sensor;
generating at least one environmental signal based on said at least one
environmental characteristic;
outputting said at least one environmental signal from said at least one sensor
to said at least one control unit;
determining, based on said at least one environmental signal, at least one

control signal with said at least one control unit;
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outputting said at least one control signal to said at least one multimode
artificial light source; and
outputting light of varying color and color temperature from said at least one

multimode artificial light source in response to said at least one control signal.

14.  The lighting method of claim 13, wherein said at least one multimode artificial

light source comprises red, green, and blue light emitting diodes (LEDS).

15.  The lighting method of claim 13, wherein said at least one multimode artificial
light source comprises a plurality of individual LEDS, such that each of said plurality

of LEDS is individually responsive to said at least one control signal.

16.  The lighting method of claim 13, wherein said lighting system further
comprises a mixing chamber configured to receive said natural light and light from

said at least one multimode artificial light source.

17.  The lighting method of claim 13, wherein said at least one multimode artificial

light source is disposed within said at least one solar tube.

18.  The lighting method of claim 13, wherein said at least one environmental

signal comprises spectral data measured from said at least one environment.

19.  The lighting method of claim 13, wherein:
said control unit further comprises a memory;

said least one environmental signal comprises spectral data; and



WO 2012/166301 PCT/US2012/036888

said determining comprises identifying, with said control unit, variances in said
spectral data from at least one first lighting profile stored in machine readable format

in said memory.

20. The lighting method of claim 19, wherein said at least one multimode artificial
light source outputs, in response to said at least one control signal, light of a color
and color temperature sufficient, independently of or in combination with said natural
light, to output light of a second lighting profile in said second location, said second

lighting profile being the same or different from said first lighting profile.
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