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A two-component luminaire for illuminating an architectural space includes a housing with a panel that faces the architectural
space. A peripheral edge of the housing, having first and second edge segments, forms an output aperture that faces the
architectural space. A plane bisecting the output aperture defines a boundary between an indirect lighting region and a direct
ighting region. The luminaire includes a primary optical subsystem arranged within the housing so as to be hidden from the direct
ighting region by the first panel section, and configured to generate and emit light, through the output aperture, solely into the
Indirect lighting region, and a secondary optical subsystem, disposed within the housing and configured to generate and emit light

through the output aperture.
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luminating an architectural space includes a hous-
ing with a panel that faces the architectural space.
A peripheral edge of the housing, having first and
second edge segments, forms an output aperture
that faces the architectural space. A plane bisecting
the output aperture defines a boundary between an
indirect lighting region and a direct lighting re-
gion. The luminaire includes a primary optical
subsystem arranged within the housing so as to be
hidden from the direct lighting region by the first
panel section, and configured to generate and emit
light, through the output aperture, solely into the
indirect lighting region, and a secondary optical
subsystem, disposed within the housing and con-
figured to generate and emit light through the out-
put aperture.
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RECESSED LUMINAIRE

(0001]

BACKGROUND

[0002] Rooms and other architectural spaces are often 1lluminated by either natural light
or by artificial light. Natural light has many benefits over artificial light, but may not be
available or be practical. An advantageous arrangement for some spaces may be a
combination of artificial and natural light. Imitation windows exist, but they are typically
mounted on the wall and only emit a single type of light. This tends to give the appearance

of a television screen or backlit sign/poster on the wall and fails to provide either the type or

-~ amount of light necessary to light the room. Indirect lighting schemes exist whereby light 1s

projected onto one or more walls or ceilings of an architectural space; a portion of the
projected light reflects into the space for general illumination of the space. Such indirect
lighting schemes may provide diffuse light that is bright in the vicinity of its source and dim
further away from the source. In such systems, the bright light in the vicinity ot the source
may be distracting while the dim light further away from the source may be undesirably
weaker than desired for task lighting within the entire room or architectural space. Accent
lighting also exists wherein light of one or more individual colors may be provided and/or
may be projected upon surfaces. However, colored lighting alone 1s usually considered an

inferior choice for general illumination because humans expect to be able to see color

differences among objects, which are best discerned under white light.
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BRIEF SUMMARY

2% &6

[0003] The terms “invention,” “the invention,” “this invention,” and “‘the present
invention” used 1n this patent are intended to refer broadly to all of the subject matter of this
patent and the patent claims below. Statements containing these terms should not be
understood to limit the subject matter described herein or to limit the meaning or scope of
the patent claims below. Embodiments of the invention covered by this patent are defined
by the claims below, not this summary. This summary 1s a high-level overview of various
aspects of the invention and introduces some of the concepts that are further described 1n
the Detailed Description section below. This summary 18 not itended to identify key or
essential features of the claimed subject matter, nor 1s it intended to be used 1n 1solation to

determine the scope of the claimed subject matter. The subject matter should be understood

by reference to the entire specification of this patent, all drawings and each claim.

[0004] Embodiments of the mvention are directed to wall recessed two-component
luminaires. The two components can include a primary optical subsystem and a secondary
optical subsystem. In some embodiments, the primary optical subsystem can provide
indirect lighting, 1lluminate an architectural space indirectly by projecting light upward
toward a ceiling, and/or provide light with more lumens than the secondary optical
subsystem. In some embodiments, the secondary optical subsystem can provide direct
lighting, 1lluminate an architectural space horizontally and/or downward, provide lit

appearance, direct view color, direct view luminance, and/or lighting for ambience.

[0005] A two-component luminaire for 1lluminating an architectural space includes at
lcast a housing, and at least a panel that faces the architectural space. A peripheral edge of
the housing forms an output aperture that faces the architectural space, with a first edge
segment of the peripheral edge bounding a first panel section of the panel, and a second
edge segment of the peripheral edge being across the output aperture from the first edge
segment. A plane normal to the panel and bisecting the output aperture defines a boundary
between an indirect lighting region and a direct lighting region, wherein the first edge
segment and first panel section are within the direct lighting region, and the second edge
segment 1S within the indirect lighting region. The luminaire further includes a primary
optical subsystem that 1s arranged within the housing so as to be hidden from the direct
lighting region by the first panel section, and configured to generate and emit light, through

the output aperture, solely into the indirect lighting region, and a secondary optical
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subsystem, disposed within the housing and configured to generate and emit light through

the output aperture.

[0006] A mecthod of illuminating an architectural space includes providing a luminaire
within a recess of a wall of the architectural space. The luminaire includes a housing, a first
primary optical subsystem configured to emit a first light solely towards an indirect lighting
region of the architectural space, while being hidden, by the housing, from view of a direct
lighting region of the architectural space, and a first secondary optical subsystem. The
method further includes activating the first primary optical subsystem to provide the first
light 1nto the indirect lighting region of the architectural space, and activating the first
secondary optical subsystem to provide a second light into at least the direct lighting region

of the architectural space.

[0007] A luminaire for illuminating an architectural space includes a housing that forms
an output aperture facing the architectural space, and one or more optical subsystems,
disposed within the housing, each of the optical subsystems including a plurality of red,
green and blue light sources that are distributed 1n each of horizontal and vertical directions
within the housing. The luminaire further includes a diffuser that at Ieast partially mixes
light from the light sources such that mixed light therefrom 1s visible through the output
aperture. The red, green and blue light sources and the diffuser are arranged and
independently controllable so as to create at least one of horizontal and vertical gradients of

at least one of color and intensity when viewed from the architectural space.

[0008] A luminaire for illuminating an architectural space includes a housing that forms
an output aperture facing the architectural space. The housing and the output aperture may
be substantially rectangular. The output aperture forms a peripheral edge, such that first and
fourth segments of the peripheral edge at respective upper and lower sides of the output
aperture are substantially horizontal, and second and third edge segments of the peripheral
edge along sides of the output aperture are substantially vertical, when the luminaire 1s
installed. The housing includes first, second and third sidewalls extending perpendicularly
into the housing from the output aperture, wherein the first sidewall adjoins the first
segment of the peripheral edge and extends perpendicularly into the housing therefrom, and
the second and third sidewalls adjoin the second and third segments of the peripheral edge
respectively, and extend perpendicularly into the housing therefrom. The luminaire

includes one or more optical subsystems, disposed within the housing, cach of the optical
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subsystems including a plurality of independently controllable red, green and blue light
sources, and/or a diffuser, disposed behind the sidewalls from the architectural space, that at
least partially mixes light from the light sources such that light mixed thereby 1s visible
through the output aperture.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Illustrative embodiments of the present invention are described 1n detail below

with reference to the following figures:

[0010] FIG. 1A schematically shows a photometric distribution from a primary optical
subsystem and a secondary optical subsystem of a wall recessed two-component luminaire

according to some embodiments of the invention.

[0011] FIG. 1B schematically shows a photometric distribution from a primary optical
subsystem and a secondary optical subsystem of a wall recessed two-component luminaire

according to some embodiments of the invention.

[0012] FIG. 2 schematically shows a cross section of a backlit, wall recessed luminaire

according to some embodiments of the invention.

[0013] FIG. 3 schematically shows a cross section of a wall recessed luminaire according

to some embodiments of the invention.

[0014] FIG. 4 schematically shows a cross section of a wall recessed luminaire according

to some embodiments of the invention.

[0015] FIG. 5 schematically shows a cross section of a wall recessed luminaire according

to some embodiments of the invention.

[0016] FIG. 6 schematically shows a cross section of a backlit wall recessed luminaire

according to some embodiments of the invention.

[0017] FIG. 7 schematically shows a cross section of a wall recessed luminaire according

to some embodiments of the invention.

[0018] FIG. 8 schematically shows a cross section of a wall recessed luminaire according

to some embodiments of the invention.

[0019] FIG. 9 schematically shows a back view of a luminaire according to some

embodiments of the invention.
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[0020] FIG. 10 schematically shows a back panel with a reflective insert according to

some embodiments of the invention.

[0021] FIGS. 11A, 11B, 11C and 11D schematically show examples of a wall recessed

luminaire according to various embodiments of the invention from a wall facing

perspective.

[0022] FIGS. 12A and 12B schematically show front views of wall recessed housing

according to some embodiments of the invention.

[0023] FIGS. 13A and 13B schematically show a translucent optical element placed over

output aperture according to some embodiments of the invention.

[0024] FIGS. 14A and 14B schematically show an 1nset that can be added to the room
side of the wall and coupled with the functional components of a luminaire, according to an

embodiment.

[0025] FIG. 15A schematically shows a side-view of a light emitting diode (LED) circuit

board arranged with a lens according to some embodiments of the invention.

[0026] FIG. 15B schematically shows a three dimensional view of a total internal

reflection (TIR) lens according to some embodiments of the invention.

[0027] FIG. 16 schematically shows a lens and a circuit board positioned within a heat

sink according to some embodiments of the invention.

[0028] FIG. 17 schematically shows an exploded view of portions of primary optical

subsystem according to some embodiments of the invention.

[0029] FIG. 18 schematically shows a block diagram of a controller coupled with a

primary optical subsystem and a secondary optical subsystem.

[0030] FIG. 19 schematically shows an illustrative computational system for performing

functionality to facilitate implementation of embodiments described herein.

DETAILED DESCRIPTION
[0031] The subject matter of embodiments of the present invention 1s described here with
specificity to meet statutory requirements, but this description 1s not necessarily intended to
[imit the scope of the claims. The claimed subject matter may be embodied 1n other ways,

may 1nclude different elements or steps, and may be used 1in conjunction with other existing
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or future technologies. This description should not be interpreted as implying any particular
order or arrangement among or between various steps or elements except when the order of
individual steps or arrangement of clements 1s explicitly described. Variants of certain

embodiments or features thercof are sometimes labeled with a reference numeral followed
by a dash and a subnumeral; 1n such cases, references 1n the text that are not followed by a
dash are intended to refer to such features across all possible subnumerals (e.g., luminaires

200-1, 200-2 are all examples of a luminaire 200).

[0032] Embodiments of the invention are directed toward a two component, wall recessed
(or surface mounted) luminaire that includes a primary optical subsystem and a secondary
optical subsystem. In some embodiments, the primary optical subsystem can be configured
to 1lluminate while the secondary optical subsystem can be configured to provide aesthetic
lighting. Various different examples, embodiments and configurations of this general

concept are described below.

[0033] In some embodiments, cach subsystem may include one or more light sources,
lenses, reflectors, collimators, diffusing optical elements, controllers, hardware, etc.
Generally speaking, a primary optical subsystem can direct light 1n one direction relative to
the luminaire to provide indirect lighting within an architectural space. The secondary
optical subsystem can direct light in a different direction to directly illuminate the
architectural space, provide lit appearance, provide direct view color, and/or provide direct
view luminance. For example, the primary optical subsystem may direct light upwardly to
provide indirect lighting that reflects from a ceiling back down 1nto the architectural space,
while the secondary optical subsystem directs light at least downwardly into the
architectural space (and, optionally, directs light both upwardly and downwardly). In some
embodiments, both the primary optical subsystem and the secondary optical subsystem
illuminate the architectural space from the same wall cavity or from a housing designed to
be inserted into a wall. In some embodiments, this combination of primary and secondary
optical subsystems can provide an i1llumination within the architectural space that shares
qualities of or 1s suggestive of natural light from a window, portal, or translucent

architectural element (¢.g., glass block).

[0034] Any or all of the embodiments herein may include only a primary optical
subsystem, a secondary optical subsystem, or both types. As discussed below, 1t may be

particularly advantageous, 1n certain applications, to provide a mix of luminaires having
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different capabilities, for example to provide adequate task lighting from only some
[uminaires that include primary optical subsystems, while providing accent lighting from all

l[uminaires that include secondary optical subsystems.

[0035] FIG. 1A schematically shows a block diagram example of a photometric
distribution from a primary optical subsystem 106-1 and a secondary optical subsystem
107-1 through a front optical element 110, according to some embodiments of the
invention. The blocks showing primary optical subsystem 106-1, secondary optical
subsystem 107-1 and front optical element 110 are functional block diagrams only and may
not represent actual position of such elements 1n embodiments. Luminaire 105-1 1s shown
recessed within wall 115 behind front optical element 110. Luminaire 105-1 includes
primary optical subsystem 106-1 and secondary optical subsystem 107-1. Each optical
subsystem 106-1, 107-1 can include one or more discrete light sources such as light
emitting diodes (LEDs), optical elements (¢.g., lenses, diffusers, reflectors, etc.), control
circuitry, power, ¢tc. In some embodiments, light from both primary optical subsystem
106-1 and secondary optical subsystem 107-1 can be distributed into architectural space 150
from the same cavity within wall 115. Moreover, photometric distributions from a primary
optical subsystem 106 and a secondary optical subsystem 107 can, but do not have to,

overlap, as discussed further below.

[0036] Primary photometric distribution 125 1s a far field photometric distribution of light
from primary optical subsystem 106-1 within luminaire 105-1. Arrows at varying angles
within distribution 125 illustrate strength of emitted light in the angle shown by each arrow.
The characterization of photometric distribution 125 as a far field distribution means for
example that light forming the distribution could be emitted at various locations of
luminaire 105-1, but the distribution indicates where the light 1s directed. That 1s,
distribution 125 indicates directionality of the light at a distance of perhaps twice or more of
the size of luminaire 105-1. In some embodiments herein, reference will be made to an
“output aperture” as a region of a luminaire that emits light, whether the light emits through
a physical aperture or through a transparent or translucent element. That 1s, the term
“output aperture” may be used whether or not such aperture 1s a physical aperture. A far
ficld photometric distribution of light from an optical subsystem therefore means the light
distribution at a distance, regardless of the point(s) of origin of the light. For example, 1f
emitted light emits across an output aperture that spans direct and indirect lighting regions,

the light may be characterized as having a far field photometric distribution that 1s solely

7
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within the indirect lighting region 1f all of the light 1s emitted towards the indirect lighting

region (as shown in FIGS. 1A, 1B and discussed in other examples below).

[0037] As shown in FIG. 1A, primary photometric distribution 125 1s directional relative
to luminaire 105-1 so that the light indirectly 1lluminates architectural space 150. For
example, primary optical subsystem 106-1 can cast some of the light across a ceiling. As
another example, the majority of the light can be directed above horizontal (e.g., above the
l[uminaire when disposed within a wall); for example, more than 70%, 75%, 80%, 85%,
90%, 95%, or 100% of the light from a primary optical subsystem 106 can be directed
above horizontal. Photometric distribution 125 illustrates desirably strong light at angles
just above horizontal; that 1s, strong light will be cast into architectural space 150 at an
angle where 1t may intersect a surface far from a primary optical subsystem 106, promoting
uniform illumination of architectural space 150 by reflected light. In embodiments, 50% or
more of light characterized by far ficld photometric distribution 125 1s directed at angles of
0 degrees to 15 degrees above horizontal, and 1in other embodiments, 50% or more of light
characterized by far field photometric distribution 125 1s directed at angles of 0 degrees to

25 degrees above horizontal.

[0038] The sense of upward and downward shown 1in FIG. 1A can also be reversed; that
1S, In embodiments primary photometric distribution 125 may be directed below horizontal,
for example to 1lluminate a floor. For this reason, regions of an architectural space 150
illuminated by embodiments herein may be characterized as an indirect region and a direct
region, with the specific upward or downward position of the indirect and direct regions
depending on the specific lighting application. An indirect region 1s generally bounded by a
scattering or reflective surface such that light impinging thercon lights the architectural
space after 1t reflects, while a direct region 1s where an occupant’s or observer’s eyes will be
located, such that the occupant or observer directly views light emitted by a luminaire into

the direct region.

[0039] In some embodiments, the components that make up primary optical subsystem
106-1 (e.g., LEDs, lenses, heat sinks, etc.) are generally not viewable by an occupant of the
architectural space. This allows for lighting characteristics of primary optical subsystem
106-1 to be arranged and/or optimized separately from lighting characteristics of secondary
optical subsystem 107-1, for practical and aesthetic purposes. In some embodiments, the far

field photometric distribution of a primary optical subsystem 106 can ensure that this 1s so,



10

15

20

25

30

CA 02883639 2015-02-27

WO 2014/043268 PCT/US2013/059306

and 1n certain of these embodiments, primary optical subsystem 106 1s positioned so as to
be hidden from a viewer or occupant within a direct lighting region. To 1llustrate this
concept, FIG. 1A shows architectural space 150 divided into two spaces by plane 152
shown as a broken line, 1t being understood that the plane 152 extends inwardly and
outwardly from the page. Plane 152 divides architectural space 150 into an indirect lighting
region 154, and a direct lighting region 156. In embodiments herein, indirect lighting
region 154 1s targeted for at least indirect illumination, and direct lighting region 156 1s
targeted solely for direct illumination, by a single luminaire. Direct lighting region 156 may
be the only part of architectural space 150 that occupants will be located in; indirect lighting
region 154 1s a region of architectural space 150 that 1s for example close to a ceiling such
that primary photometric distribution 125 1s not visible by occupants of architectural space
150. Therefore, photometric distributions 125 and 120 may be independently tailored such
that primary optical subsystem 106-1 provides indirect light as most of the task lighting for
architectural space 150, but secondary optical subsystem 107-1 provides direct light that

occupants of the architectural space see directly at the source of the light.

[0040] Seccondary photometric distribution 120 1s an example of the photometric
distribution of light from secondary optical subsystem 107-1 within luminaire 105-1. In
some embodiments, light from a secondary optical subsystem 107 can uniformly fill an
architectural space. For example, secondary photometric distribution 120 may be

substantially Lambertian, as suggested by the distribution shown 1n FIG. 1A.

[0041] In some embodiments, some crossover between the two photometric distributions
125, 120 may occur. For example, in some embodiments, a secondary optical subsystem
107 emits a significant percentage of 1ts light in both upward and downward directions. In
some¢ embodiments, the combined photometric distribution can be primarily on one side or
the other of horizontal. For example, more than 75%, 80%, 85%, 90%, 95%, or 100% of
the combined photometric distributions can be directed on one side or the other of

horizontal.

[0042] FIG. 1B schematically shows a block diagram example of a photometric
distribution from a primary optical subsystem 106-2 and a secondary optical subsystem
107-2 that are colocated within a luminaire 105-2, according to some embodiments of the
invention. The block showing primary optical subsystem 106-2 and secondary optical

subsystem 107-2 1s a functional block diagrams only and may not represent actual position
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of such elements 1n embodiments. Luminaire 105-2 1s shown recessed within wall 115
behind front optical element 110. Each optical subsystem 106-2, 107-2 can include one or
more discrete light sources such as light emitting diodes (LEDSs), optical elements (¢.g.,
lenses, diffusers, reflectors, etc.), control circuitry, power, ¢tc. In the embodiment shown 1n
FIG. 1B, light from both primary optical subsystem 106-2 and secondary optical subsystem
107-2 1s distributed mto architectural space 150 from a common output aperture 111.
Moreover, some overlap between the photometric distribution from a primary optical
subsystem 106 and a secondary optical subsystem 107 can, but does not have to, occur, as

discussed fturther below.

[0043] In some embodiments, most of the light provided by a secondary optical
subsystem 18 directed horizontally and/or downwardly. For example, in some embodiments,
more than 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%., 95%., or 100% of the light
can be directed at or below horizontal. In other embodiments, the secondary optical
subsystem can direct light with a largely uniform distribution. In FIG. 1B, photometric
distribution 120 1s shown 1n dotted lines for clarity of illustration. In the embodiment
shown 1n FIG. 1B, a maximum light intensity characterized by photometric distribution 120
1s oriented downwardly, as shown by axis 121, although like the distributions shown in FIG.

1A, substantial overlap exists between photometric distributions 120 and 125.

[0044] A primary optical subsystem 106-2 can provide light with a number of different
characteristics 1n addition to the photometric distribution. In some embodiments, a primary
optical subsystem 106 can provide light with more luminous flux than the secondary optical
subsystem. In other embodiments, a primary optical subsystem 106 can provide mostly
white light for task lighting of an architectural space. For mstance, a primary optical
subsystem 106 can provide light with various spectral characteristics similar to various
white light sources that are commonly available. Primary optical subsystem 106 can
provide light that varies in time according to, or suggestive of, various environmental
conditions such as, for example, the time of day, the day of the year, etc. Primary optical
subsystem 106 can include a plurality of LEDs of various colors and/or white LEDs of
various color temperatures. Primary optical subsystem 106 can also include an optical

clement that distributes the light according to the photometric distribution shown 1n FIGS.

1A, 1B.

10
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[0045] A sccondary optical subsystem 107 can also provide light with a number of
different characteristics 1n addition to the photometric distribution. In some embodiments, a
secondary optical subsystem 107 provides light with less luminous flux than a primary
optical subsystem 106. In other embodiments, secondary optical subsystem 107 can
provide light that 1s substantially distributed such that the light 1s occupant observed and/or
side viewed. In other embodiments, the secondary optical subsystem can provide light of
various colors, brightness gradients, and/or effects. In some embodiments, the secondary
optical subsystem can provide light with a specific or user specified ambiance; for example,
with various mood or thematic colors, or to be suggestive of natural light or a view of the
sky, etc. Because, 1n embodiments, secondary photometric distribution 120 distributes light
directly 1nto an entire architectural space, while primary photometric distribution distributes
light 1nto only an indirect region of the architectural space, the light provided by a primary
optical subsystem 106 can be thought of as task lighting while the light provided by a
secondary optical subsystem 107 can be thought of as accent lighting. In embodiments, a
secondary optical subsystem 107 includes light sources of red, green and blue (RGB) colors
that can be independently controlled to generate various colors of light, or white light. In
other embodiments, a primary optical subsystem can include white light sources and a
secondary optical subsystem can also include white light sources (or may generate white
light with RGB light sources), so as to generate a “white on white” color scheme with

indirect and direct light.

[0046] In yet other embodiments, primary and/or secondary optical subsystems 106, 107
can provide light that varies according to any number of conditions such as, for example,
the time of day, the day of the year, the season, the geographic location, the local weather
conditions, user mput, presence detection, music being played in the architectural space, etc.
In some embodiments, a secondary optical subsystem 107 provides various luminance
and/or chromatic gradients across the output aperture of the wall recessed luminaire as
viewed by a user. In some embodiments, both the primary optical subsystem and the
secondary optical subsystem can provide various luminance and/or chromatic gradients in
conjunction with one another. For example, to simulate the passage of a cloud across the
output aperture, the primary optical subsystem can provide less light and/or different colors

while the secondary optical subsystem can provide a different color scheme.

[0047] As noted above, 1n various embodiments, primary optical subsystem 106 and

secondary optical subsystem 107 provide light with a number of different characteristics. In
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some embodiments, a primary optical subsystem 106 1s tailored to illuminate architectural
space 150 with light having characteristics that are different than the characteristics of light

provided by secondary optical subsystem 107.

[0048] In some embodiments, a primary optical subsystem 106 can direct light upwardly
to indirectly illuminate architectural space 150 (e.g., by reflecting from a ceiling) and
secondary optical subsystem 107 can direct light horizontally and/or downwardly 1n a
diffuse manner to directly 1lluminate architectural space 150. These upward/downward
relationships can be reversed in embodiments that provide indirect light directed towards a
floor and accent light directed from a luminaire to a viewer. Moreover, a primary optical
subsystem 106 can illuminate architectural space 150 with more light (¢.g., provide light
with more lumens and/or energy). In some embodiments, primary optical subsystem 106
can contribute more than 50% of the total light output of luminaire 105. In some
embodiments, the primary optical subsystem can provide over 70%, 75%, 80%, 85%, 90%
or 95% of the total light output of luminaire 105-2. And, in some embodiments, a primary
optical subsystem 106 illuminates architectural space 150 with primarily white light, while
a secondary optical subsystem 107 1lluminates architectural space 150 with light having
mor¢ color than primary optical subsystem 106. In some embodiments, a primary optical

subsystem 106 may partially illuminate the architectural space downward or horizontal.

[0049] In some embodiments, secondary optical subsystem 107 provides light with
qualities that are suggestive of natural light or a view of the sky through a window, portal,
or translucent architectural element (¢.g., glass block). In still further embodiments,
secondary optical subsystem 107 may produce an 1llusion of depth or a perception of
ambiguous depth within the output aperture when viewed by an occupant of the
architectural space. Morecover, a secondary optical subsystem 107 can provide a lit
appearance, direct view color and/or color gradients, direct view luminance and/or luminous

gradients, and/or lighting for ambience.

[0050] In some embodiments, the color, brightness and/or distribution provided by a
secondary optical subsystem 107 and/or a primary optical subsystem 106 can change over
time. These changes can occur based on a program executed by a controller coupled with

the light sources that modifies the lighting parameters over time.

[0051] In some embodiments, a program can operate to control the lighting parameters of

a number of luminaires 1n use together. Morcover, any number of programs can be used.
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For example, a program can control operation of optical subsystems to simulate daylight.
Moreover, the program can change the light parameters throughout the day to simulate the
sun passing through the sky. Such a program, for example, can vary based on the
geographic location of the luminaire 1n use. As another example, a program can operate
optical subsystems to simulate one or more clouds passing by. Any number of sky and/or
weather patterns can be used. In some embodiments, the program can include sunset and

sunrise simulations.

[0052] In some embodiments, a program can operate a luminaire to change its color
presentation over time. This can include, for example, changing various color patterns
within the full spectrum of color or changing the saturation of a given color or the
brightness. In some embodiments, a program can operate to change colors across an array
of luminaires. In this way, different luminaires can provide different color at different
times. Morcover, the saturation of a color can change over time within one luminaire or

across multiple luminaires. The brightness can also change across multiple luminaires.

[0053] In some embodiments, a program can change dynamically over time or in response
to certain mputs. These 1nputs can include time of day, flipping of a switch, proximity

detection, temperature, humidity, cloud conditions, time of year, etc.

[0054] In some embodiments, the vertical and/or horizontal luminous presentation (or
light gradient) of the luminaire can change over time. This can include changing any
number of characteristics of the light, such as the brightness, color, hue, saturation, etc.
across the luminaire. This can also mnclude changing a color profile vertically and/or
horizontally across the luminaire. This can be accomplished, for example, by varying the
characteristics of the top and bottom LEDs differently over time and/or varying the

characteristics of left and right LEDs differently over time.

[0055] As discussed above, reference may be made to an “output aperture” whether or not
such aperture 1s a physical aperture. For example, in FIGS. 1A and 1B, front optical
clement 110 includes one or more panes of glass or other transmissive, translucent, or
transparent material (e.g., plastic, Plexiglas, etc.) at the output aperture. In some
embodiments, front optical element 110 can include multiple layers, materials or elements,
and/or may have properties related to the reflection, refraction, scattering, or diffusion of
light. In some embodiments, front optical element 110 can cover the entire front of a

l[uminaire 105. In other embodiments, front optical element 110 can include multiple panes
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that cover portions of the aperture within wall 115. In some embodiments, front optical
clement 110 can be translucent or hazy; can include glazing that provides the look of a
transom window, clearstory and/or glass block; and/or can include an optical filter that
allows light to pass with wavelengths that simulate the spectral profile (color) or brightness
of daylight. And 1n yet other embodiments of the invention, front optical element 110 may

be omitted.

[0056] FIG. 2 schematically shows a cross section of a luminaire 200-1 according to some
embodiments of the mnvention. In this embodiment, a primary optical subsystem 106-3
includes a plurality of LEDs 205 and an optical element 210 disposed within a luminaire
housing 201-1. Peripheral edges 112 of housing 201-1 form an output aperture 111; a
primary optical subsystem 106-3 1s disposed within the housing so as to be hidden from a
direct lighting region 156 by a panel section 215 that 1s bounded by at least one segment of
peripheral edge 112. Optical element 210 can focus, direct, and/or control the dispersion,
direction and/or angle of the light from the LEDs. For example, optical element 210 can
direct light emitted from LEDs 205 upwardly (e.g., toward the ceiling) within architectural
space 1350.

[0057] In this embodiment, secondary optical subsystem 107-3 1s a backlit arrangement
that includes a plurality of LEDs 220, a reflective back surface 230, and a translucent
optical element 225 disposed within luminaire housing 201-1. Translucent optical element
225 may or may not be curved along either or both a vertical or horizontal profile, and may
for example be concave with respect to an output aperture 111, as shown. LEDs 220
illuminate architectural space 150 through translucent optical element 225. Translucent
optical element 225 can include a diffuser; one or more layers, materials or elements; and/or
can have properties related to reflection, refraction, scattering, or diffusion of light. For
example, 1n some embodiments, translucent optical element 225 1s a translucent film. Some
light emitted from LEDs 220 can be directed toward translucent optical element 225. The
light 1s diffusely scattered, and/or directed outwardly into architectural space 150 by
translucent optical element 225. Other light emitted from LEDs 220 can be reflected from
reflective back surface 230 and diffusely scattered, and/or directed horizontally and/or
downwardly into architectural space 150 by translucent optical element 225. LEDs 205
and/or LEDs 220 can include a plurality of LEDs (or other light sources, such as an OLED
panel or sheet 1n place of LEDs 220, either with or without reflective back surface 230 or

translucent optical element 225) disposed horizontally along the length of the luminaire wall
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(into the page). In embodiments, LEDs 220 may also be of different colors than one
another, and may be independently controllable such that vertical and/or horizontal
oradients of color and/or intensity may be emitted by luminaire 200-1. In particular, LEDs
220 may 1nclude RGB LEDs such that any color, or white, may be utilized 1in gradients of

color emitted by luminaire 200-1.

[0058] In some embodiments, light from both a primary optical subsystem 106-3 and a
secondary optical subsystem 107-3 1lluminate architectural space 150 from a common
cavity within wall 115 and/or through front optical element 110. In other embodiments, the
[uminaire may not include a front optical element 110. In embodiments, a panel section 215
adjoining an edge segment of output aperture 111 1s positioned to block the view of the
interior of the luminaire, including at least primary optical subsystem 106-3, and optionally
secondary optical subsystem 107-3. Panel section 215 can be positioned near the bottom of
the output aperture within which the luminaire 1s placed to hide the interior of luminaire
200-1 from direct lighting region 156, and/or can comprise opaque material. Panel section
215 can have a finish similar to the rest of wall 115, and/or be finished with wall 115 to

provide a scamless appearance.

[0059] FIG. 3 schematically shows a cross section of luminaire 200-2 according to some
embodiments of the invention. Luminaire 200-2 can fit within a single cavity in wall 1135.
In embodiments, primary optical subsystem 106-4 can include a plurality of LEDs 205 and
optical element 210 arranged to illuminate the ceiling of the architectural space. For
example, optical element 210 can direct light emitted from LEDs 205 into indirect lighting
region 154 (e.g., upwardly) within architectural space 150. In this embodiment, there is no
front optical element such that output aperture 111 18 an actual opening within luminaire
200-2. Light from primary and secondary optical subsystems 106-4, 107-4 exits luminaire
200-2 through output aperture 111. Output aperture 111 can represent any number of
configurations that allow light from primary optical subsystem 106-4 and secondary optical
subsystem 107-4 to exit the housing and pass through wall 115. Output aperture 111 can
include any opening within the luminaire housing and the wall through which the light from

primary and secondary optical subsystems 106-4, 107-4 exits luminaire 200-2.

[0060] Sccondary optical subsystem 107-4 can include a front-lit arrangement that
includes a plurality of LEDs 320, reflective back surface 230, and/or translucent optical

clement 225. In some embodiments, only reflective back surface 230 1s used. Morcover,
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various other reflective, translucent, or other surfaces and/or materials can be used.
Furthermore, in embodiments, reflective back surface 230 can be specular and/or diffusing.
Most of the light emitted from LEDs 320 1s directed toward translucent optical element 225
and/or reflective back surface 230 by optical element 315. Some of the light can then be
reflected into architectural space 150 from translucent optical element 225, while other light
can pass through translucent optical element 225 and be reflected off reflective back surtace
230, and directed into architectural space 150 through translucent optical element 225.
Either or both reflective back surface 230 and translucent optical element 225 can be shaped
to direct light downwardly and/or horizontally 1nto architectural space 150. For example,
reflective back surface 230 and/or translucent optical element 225 can be shaped and/or
angled 1n various ways to control the direction of the light, have particular color or
luminance gradients, and/or have optical properties that achieve this directionality. Optical
clement 315 can focus, control, diffuse, and/or direct light toward reflective back surface

230 and translucent optical element 225.

[0061] LEDs 205 and/or LEDs 220 can include a plurality of LEDs (or other light

sources) disposed horizontally along the length of the luminaire wall (1nto the page).

[0062] FIG. 4 schematically shows a cross section of luminaire 200-3 according to some
embodiments of the mnvention. Luminaire components are disposed within luminaire
housing 201-3. In this embodiment, secondary optical subsystem 107-5 1s moved behind
translucent optical element 225. In embodiments, a reflective back surface (like 230) can be
included elsewhere within luminaire 200-3. In other embodiments, reflective back surface

230 1s not used 1n luminaire 200-3.

[0063] FIG. 5 schematically shows a cross section of luminaire 200-4 according to some
embodiments of the invention. Luminaire components are disposed within a luminaire
housing 201-4. In this embodiment, a secondary optical subsystem 107-6 1s moved to

provide light between a translucent optical element 225 and a reflective back surface 230.

[0064] FIG. 6 schematically shows a cross section of a luminaire 200-5 according to some
embodiments of the mnvention. Luminaire components are disposed within luminaire
housing 201-5. Peripheral edges 112 of housing 201-5 form an output aperture 111; a
primary optical subsystem 106-7 1s disposed within the housing so as to be hidden from
direct lighting region 156 by a panel section 215 that is bounded by at least one segment of

peripheral edge 112. In embodiments, a primary optical subsystem 106 can include a
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plurality of white or substantially white LEDs 6035, circuit board 608, lens 606, and/or heat
sink 607.

[0065] A secondary optical subsystem can include a number of secondary light sources.
For instance, a secondary optical subsystem in FIG. 6 includes light sources 610 disposed
above, light sources 615 disposed below, output aperture 111. Light sources 610 may be,
for example, LEDs. Light sources 610 may also be positioned to direct light upwards
behind translucent optical element 225. Light sources 610 and 615 may also include
distributions of LEDs along the length of wall 115 1n which luminaire 200-5 1s mounted
(c.g., Into and out of the page with respect to FIG. 6). LEDs of such distributions may be
independently controllable such that horizontal gradients of color and/or intensity may be

produced.

[0066] Light sources 615 are positioned within the housing at a level above the top
portion of output aperture 111 near a peripheral edge of output aperture 111 and can direct
light inwardly toward the back surface of housing 201-5, which may be of, or coated with, a
white or reflective material to act as a mixing chamber. The light from light sources 610
and 615 can mix within housing 201-5 prior to passing through translucent optical element
225 and exiting through output aperture 111. Such mixing can be complete, such that
output aperture 111 appears to have a constant color and/or intensity across the aperture, or
can be partial such that portions of output aperture 111 have color and/or intensity that 1s
dominated by one set of light sources (610, 615) or the other. Further, light sources 610 and
615 may be independently controllable and arranged such that varying color and/or intensity
patterns applied to light sources 610 and 615 result in corresponding gradients of color
and/or mtensity when viewed from direct lighting region 156. Light sources 615 and 610
can include a plurality of LEDs, for example, of one or more colors, depending on the
application. In certain applications, 1t may be preferred to have light sources 615 and/or
610 be of a single color, to provide accent lighting of that color alone, with lower cost than

for LEDs and a controller to provide RGB color and mixing capability.

[0067] Luminaire 200-5 can also include a reflective back surface or retlective insert
1005 of housing 201-5, as shown 1n more detail in FIG. 10. This reflective back surface of
housing 201 can be part of the luminaire body or an insert within the luminaire body. A
reflective surface on the back of housing 201 can reflect light from light sources 610 and

615 toward translucent optical element 225. LEDs may also be positioned on the side of

17



10

15

20

25

30

CA 02883639 2015-02-27

WO 2014/043268 PCT/US2013/059306

translucent optical element 225. In embodiments, housing 201 can be coated or made from
any type of reflective material that allows the light from various secondary light source
LEDs to mix within the body of luminaire 200-5 prior to passing through translucent optical

clement 225 and then exiting luminaire 200-35.

[0068] Certain applications may benefit from a mix of luminaire types. For example, a
first type of luminaire might provide both task lighting as indirect light, and accent light as
direct light, and a second type of luminaire might provide accent light capability that
matches the capability of the first type, but does not include indirect lighting capability, 1n
order to reduce cost. Thus, in embodiments, luminaire 200-5 may be provided 1n versions

that are similar to one another, but with one version lacking primary optical subsystem 106-

7 (that 1s, without LEDs 603, circuit board 608, lens 606, and/or heat sink 607).

[0069] FIG. 7 schematically shows a cross section of a recessed luminaire 400 according
to some embodiments of the invention. Recessed luminaire 400 can fit within a cavity
located within wall 115. Recessed luminaire 400 can include a plurality of elongated
prisms 4035 that extend horizontally (into the page) and are disposed one on top of another
vertically. Each prism 405 has a triangular cross section that can be equilateral, 1sosceles,
and/or scalene. The prisms can vary 1n size, shape, dimension, angle and/or curvature. In
embodiments, each prism 405 can be arranged relative to one another such that one of the

surfaces of cach prism 405 forms a plane with one of the surfaces of other prisms 405.

[0070] Primary optical subsystem LEDs 415 can be positioned behind each prism
(opposite the architectural space 150) below the apex of prism 405. In this configuration,
light from primary optical subsystem LEDs 415 will pass through prism 405 toward the
ceiling as shown by primary photometric distribution 125 in FIGS. 1A, 1B. The direction,
size, and/or shape of the photometric distribution from primary optical subsystem LEDs 415

through prism 405 can vary depending on the shape of prisms 4035.

[0071] Secondary optical subsystem LEDs 410 can be positioned behind each prism
(opposite the architectural space 150) above the apex of prism 405. In this configuration,
light from secondary optical subsystem LEDs 410 will pass through prism 405 downwardly
and/or horizontally into the architectural space as shown by secondary photometric
distribution 120 1n FIGS. 1A, 1B. The direction, size, and/or shape of the photometric
distribution from secondary optical subsystem LEDs 410 through prism 405 can vary
depending on the shape of prisms 405.
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[0072] In embodiments, prisms 405 can be shaped to change the photometric distribution
of light. For example, surface 416 of the prisms 405 nearest LEDs 415 can be shorter than
surface 411 nearest LEDs 410. In this configuration, light from LEDs 415 can be directed
upwardly at a steeper angle and light from LEDs 410 can be directed more horizontally. In
embodiments, the curvature of the prism faces can be changed to change the direction of the
light. Various other sizes, dimensions, and/or angles can be used to change the direction,
and/or angle of the light from LEDs 410 and 415. In embodiments, the various prisms can

have different shapes 1in order to provide a varied photometric distribution.

[0073] In embodiments, front optical element 110 may not be used or 1t may be part of
prisms 405. While four elongated prisms are shown, any number of prisms may be used. In
embodiments, reflective cover 420 can surround secondary optical subsystem LEDs 410

and/or primary optical subsystem LEDs 415 and reflect light into prisms 405.

[0074] Morcover, while each prism 1s shown associated with a single primary optical
subsystem LED 415 and a single secondary optical subsystem LED 410, in some
embodiments, multiple prisms can be associated with a primary optical subsystem and/or a
secondary optical subsystem. In other embodiments, a single prism can be associated with a
plurality of light sources. And, in some embodiments, secondary optical subsystem LEDs
410 and/or primary optical subsystem LEDs 415 can represent a plurality of light sources
arranged horizontally along the elongated prism. In embodiments, a diffuser (not shown)
may be placed between secondary optical subsystem LEDs 410 and prisms 405 as well as
between primary optical subsystem LEDs 415 and prisms 405. Such diffusers can spread
the light across the prism to provide a horizontally uniform light presentation and/or mix
colors from various light sources. In some embodiments, a diffuser can be placed between

the prisms 405 and front optical element 110.

[0075] FIG. 8 schematically shows another embodiment of a wall recessed luminaire. In
this embodiment, primary optical subsystem 505 can be located within wall 115 above
secondary optical subsystem 510. Primary optical subsystem 505 can include a plurality of
LEDs or other light sources. Primary optical subsystem 505 i conjunction with primary
optical element 515 (e.g., lens, diffuser, etc.) can direct light toward the ceiling, for
example, according to primary photometric distribution 125 of FIGS. 1A, 1B. Secondary
optical subsystem 510 1n conjunction with secondary optical element 520 (¢.g., lens,

diffuser, etc.) can direct light horizontally and/or downwardly, for example, according to
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secondary photometric distribution 120 of FIG. 1B. Secondary optical subsystem 510 can
include, for example, any type of display panel(s) such as an LCD, OLED, LED matrix, or
plasma display. In some embodiments, this wall recessed luminaire can include a plurality
of LEDs. Various other gecometric arrangements are possible. For example, the primary
and/or secondary subsystems can be disposed in different locations 1n, on, and/or around

output aperture 111.

[0076] A back view of a luminaire 200-6 1s schematically shown in FIG. 9. The view of
FIG. 9 assumes that any rear housing wall has been removed, and shows luminaire 200-6
positioned about an aperture 111. A translucent optical element 225 1s positioned such that
light from light sources 610, 615, 620 and 625 pass through translucent optical clement 225
prior to exiting the luminaire through output aperture 111. Light sources 610, 615, 620 and
625 may be, for example, RGB LED light sources capable of generating various colors
and/or white light. A primary optical subsystem 106-8 is positioned 1n front of translucent
optical element 225 (that 1s, toward aperture 111 1n the view of FIG. 9, and behind
translucent optical element 225. In this embodiment, the secondary optical subassembly
includes the four light sources 610, 615, 620 and 625. Light sources 615 and 610 may be
positioned, for example, as shown 1n FIG. 6. The secondary optical subsystem also includes
light sources 620 and 625 positioned on the sides of translucent optical element 225. In
embodiments, light sources 620 or 625 can be controlled to create a color and/or intensity
oradient across translucent optical element 225 when viewed from the outside. For
instance, LEDs on one¢ side can provide light having one color and LEDs on the other side
may provide light of another color. In this way, the presented 1llumination can vary
horizontally across the luminaire. Similarly, light sources 615 and 610 can provide a
corresponding effect in the vertical direction. Morcover, a combination of vertical and
horizontal gradients can be provided. Light sources 610, 615, 620, and 625 can be
independently controlled, and can therefore provide both vertical gradients of direct lighting
as discussed 1n connection with FIG. 6, and horizontal gradients and/or combinations of
vertical and horizontal gradients, to provide more sophisticated aesthetic direct lighting

options.

[0077] The light sources that make up either or both primary or secondary optical
subsystems 106, 107 can include LEDs of any type, color, size, etc. known in the art. Any
configuration or arrangement of light sources can be used as shown 1n the various

embodiments of the invention. The light sources can be disposed on a circuit board and
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may 1nclude optical elements such as a lens placed on or near the light sources on the circuit
board as shown, for example, in FIGS. 15 and 16. Each of the secondary light sources can

be independently controlled and/or operated to produce various effects.

[0078] FIG. 10 schematically shows a luminaire housing 201-5 and a reflective insert
1005 that are suitable for inclusion in luminaire 200-6, FIG. 9. Light sources 610, 615, 620,
and 625 may produce light that 1s reflected off of the back panel of housing 201-5 or
reflective insert 1005, shown in FIG. 10. Reflective msert 1005 can be made from any
highly reflective material (e.g., White Optics  97). Reflective insert 1005 can also be
made from a material that 1s diffusely reflective. The corners of reflective insert 1005 can

have radn large enough to eliminate corner shadow.

[0079] In embodiments, the back surface and/or side surfaces of a housing 201 may be
reflective, and 1in such embodiments, reflective insert 1005 may or may not be used. The
reflective back surface and/or reflective side surfaces of housing 201 and/or reflective isert
1005 can produce a light mixing chamber within the body of the luminaire. Some light
from secondary light sources can be mixed within the body of the chamber after being
reflected off the back or side surfaces of housing 201 and/or reflective isert 1005 prior to
exiting through a translucent optical element 225 (such as described in conjunction with the
embodiment shown m FIG. 6). Some light can also exit the translucent optical element 225

without interaction with reflective back surface of a housing 201 and/or a reflective insert

1005.

[0080] FIGS. 11A through 11D schematically show luminaires 200-7 through 200-10
according to various embodiments of the invention from a wall facing perspective. In FIG.
11A, as shown, luminaire 200-7 can fit in between two studs 1105 (e.g., 2x4s or steel studs)
within wall 115. Luminaire 200-7 can be recessed within the cavity in the wall between the
two studs 1105. Output aperture 111 1s where light exits the luminaire into the architectural
space. Output aperture 111 can be any size. In some embodiments, output aperture 111 can

be 6 1inches by 6 1nches.

[0081] FIG. 11B shows luminaire 200-8 spanning multiple studs 1105. In some
configurations, primary and/or secondary optical subsystems, light sources, controllers,
optics, power, ¢tc. shown 1n any of the embodiments may be separated into subsystems that
are recessed within the wall between studs 1105. A common front optical element can span

the various subsystems, providing a look and feel to the occupant of a single visual element.
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[0082] FIG. 11C shows a single luminaire 200-9 with two output apertures 111 according
to some embodiments of the invention. Separate or the same primary and secondary optical
subsystems can illuminate the architectural space through both output apertures. Luminaire
200-9 can fit between two studs 1105 within wall 115. Luminaire 200 can be recessed
within the cavity 1n the wall between the two studs 1105. Output apertures 111 can include
optical systems that provide separate illumination profiles yet both fit within studs 1105.
Output apertures 111 can have any size that fits between studs 1105. In some embodiments,
output apertures 111 can be 12 inches by 12 inches or 6 inches by 6 inches, and may be of
the same size or may be of different sizes than one another. Common finishing elements
(¢.g., frames, moldings, optical elements and the like) can span the various subsystems and
output apertures 111, providing a look and feel of a single visual element to occupants.
Output apertures 111 of luminaire 200-9 need not have 1dentical primary and secondary
optical subassemblies; 1n particular, one output aperture 111 may be associated with a
primary optical subassembly while the second output aperture 111 1s not, but the two output
apertures 111 may be associated with similar or identical secondary optical subassemblies.
In this manner, indirect lighting for an architectural space may be provided from a single
output aperture 111 to minimize cost, while direct lighting for the architectural space 18

provided from both output apertures 111 for aesthetic purposes.

[0083] FIG. 11D shows four recessed luminaires 200-10 that each 1lluminate via one
output aperture 111. Pairs of luminaires 200-10 fit together between two studs 1105
according to some embodiments of the invention. Each luminaire 200-10 1ncludes a
separate output aperture 111; output apertures 111 are offset within luminaires 200-10 so
that a distance between adjacent output apertures 111 18 constant across any two luminaires
200-10, even when adjacent luminaires 200-10 are separated by a stud 1105. In this
manner, a row of output apertures 111 appears evenly spaced to provide the appearance of a
continuous fixture despite the presence of intervening studs 1105. In some embodiments,
output apertures 111 can be 6 inches by 6 inches, and luminaires 200-10 and output
apertures 111 thereof may be of the same size or may be of different sizes than one another.
Like luminaire 200-9 shown 1n FIG. 11C, common finishing elements (e.g., frames,
moldings, optical elements and the like) can span luminaires 200-10, providing a look and
feel of a single visual element to occupants. Also, similar to luminaire 200-9 shown in FIG.
11C, luminaires 200-10 need not have 1dentical primary and secondary optical

subassemblies; 1n particular, a subset of luminaires 200-10 may include primary optical
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subassemblies while other luminaires 200-10 do not, but the set of luminaires 200-10 may
include similar or identical secondary optical subassemblies. In this manner, indirect
lighting for an architectural space may be provided from a subset of luminaires 200-10 to
minimize cost, while direct lighting for the architectural space 1s provided all of the

luminaires 200-10 for aesthetic purposes.

[0084] In embodiments, custom wall framing may be used to impart a polished
appearance to the mnstallation. Custom wall framing members can extend horizontally
above and below the housing(s) and can span multiple vertical studs, whether the studs are

cut as in FIG. 11B or mtervening between luminaires as in FIG. 11D.

[0085] In embodiments, the mstallation may include a trim piece, such as a frame 1210
that defines a frame opening 1220. The frame can be of any shape or design, for example,
including, but not limited to, shapes or designs that are standard for window trim or picture
frames. The frame may be integrally-formed with the luminaire housing or, alternatively,
may be a separate trim piece (see FIGS. 13 and 14) that couples to the luminaire housing (or
other structure) to ensure that the frame opening 1220 aligns with a wall aperture so that
light generated by the luminaire can exit through, or be visible within, the wall aperture.
The thickness of the frame 1210 and the size of the frame opening 1220 can vary depending
on the appearance desired for the installation. The frame 1210 may be positioned relative to
the wall aperture so that the front face 1225 of the frame 1s flush with the wall, inset back
from the wall or extends over the wall beyond a wall aperture. For example, 1n
embodiments, the entirety of the frame 1210 1s positioned within the wall aperture so that
the front face 1225 of the frame 1210 1s flush with the wall. The frame 1210 may have a
contrasting appearance with the wall or may be finished to appear secamless with the wall.
Alternatively, frame 1210 may have a thickness such that it extends along the wall beyond
the wall aperture (thus giving the appearance of a picture frame or window). FIGS. 12A
and 12B show front views of a luminaire housing according to some embodiments of the
invention. In some embodiments, a luminaire can include frame 1210 that 1s flush with the
wall and covers the perimeter of the wall-cavity that extends beyond the aperture. In other
embodiments, frame 1210 extends over the wall and beyond the wall-cavity. Frame 1210,
for example, can have thickness small enough and/or be made from a material that allows
the wall and frame to have a finish or can be finished to appear scamless. A recessed
luminaire can also include trim or a frame that 1s tlush to the wall, inset from the wall or

extends over the wall beyond the wall-cavity. The trim or frame can have any thickness
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and/or style. In some embodiments, the housing can include driver, power, and/or control

logic.

[0086] In some embodiments, side surfaces 1230 (sometimes referred to herein as insets
or sidewalls) can extend backwardly from the frame 1210 into the wall cavity and/or into a
housing aperture. These side surfaces 1230 can frame portions of the wall aperture and/or
l[uminaire output aperture 111. In embodiments, side surfaces 1230 can have a depth of 2.0,
1.75, 1.5, 1.25, 1.0, 0.75, 0.5, 0.25, etc. inches. The side surtaces 1230 can, but do not have
to be, integrally formed with the frame 1210. These side surfaces 1230 can be finished to
match the wall surface or have a clean architectural finish of their own. In some
embodiments, depending on the location of various optical components, a wall recessed

luminaire can include one, two, three, or four side surfaces 1230.

[0087] In one specific embodiment, three side surfaces 1230 are provided on the frame
1210, within the output aperture on the opposing sides and on the top of the frame. In some
embodiments side surfaces 1230 provide depth to the installation (such as a window sill)
and/or are used to shield from the view the internal components of the luminaire 200. In
embodiments, frame 1210 can be integral with side surfaces 1230. In some embodiments,

LEDs or other optical components can be integrated within frame 1210 and/or side surfaces

1230.

[0088] FIG. 12A schematically shows translucent optical element 225 having a vertical
curve. FIG. 12B shows translucent optical element 225 having a horizontal curve. In yet
other embodiments, translucent optical element 225 can have a curvature 1n both the vertical
and horizontal directions. In embodiments, translucent optical element 225 can also have a
vertical and/or horizontal tilt relative to some axis. As shown 1n the figures, translucent
optical element 225 can extend internally within the housing beyond the edges of the sides
surfaces 1230 that extend inwardly into a wall aperture and luminaire housing output
aperture 111. In this way, the side surfaces 1230 can shield from view the edges of the
translucent optical element 225 and the various components of both the primary optical

subsystem and the secondary optical subsystem.

[0089] In embodiments, frame 1210 and/or side surfaces 1230 can be integral with the
housing that 1s disposed within the wall. In other embodiments, frame 1210 and/or side
surfaces 1230 can be part of separate outer inset that couples with the housing portion

disposed within the wall. Such an 1nset 1s shown 1n FIG. 13.
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[0090] In some embodiments, translucent optical element 225 can be collapsible, rollable,
and/or flexible 1n order to be 1nstalled, replaced or removed through the aperture. In some
embodiments, translucent optical element 225 may have slits, cuts, rivets, pegs, folds,
flanges, wings, scams or gathers in order to provide the curvature and/or to fit within the
housing. In embodiments, translucent optical element 225 can be positioned within the
housing without being coupled directly with the housing. In other embodiments, translucent
optical element 225 can be coupled within the interior of the housing. In some
embodiments, translucent optical element 225 can extend past the internal edges of side

surfaces 1230 and/or can terminate near internal edges of the housing.

[0091] FIG. 13A schematically shows translucent optical element 225 placed over output
aperture 111, viewed from behind a housing 201-6, while FIG. 13B shows translucent
optical element 225 behind output aperture 111, viewed from in front of housing 201-6.
Housing 201-6 1s substantially rectangular, as shown, and segments of a peripheral edge
112 form output aperture 111. One segment of peripheral edge 112 1s substantially
horizontal when the luminaire 1s 1nstalled; a first sidewall 1230-1 adjoins this edge segment,
as shown. Second and third sidewalls 1230-2 and 1230-3 adjoin vertical segments of edge
112, as also shown. Sidewalls 1230 extend perpendicularly into housing 201-6. In some
embodiments, translucent optical element 225 can be positioned within a luminaire housing
and may be positioned from the top of an output aperture 111 toward the bottom of the
aperture, as shown 1n FIG. 6. Translucent optical element 225 may be positioned away
from the bottom peripheral edge of output aperture 111 (or the interior facing housing
surface) 1n order to provide space for primary optical subsystems that illuminate the
architectural space without exiting through translucent optical element 225. This
arrangement can result 1n translucent optical element 225 having a concave shape and/or tilt

along a horizontal axis.

[0092] In embodiments, translucent optical element 225, for example, can be a translucent
film. In some embodiments, a clear or diffuse covering (e.g., front optical element 110

shown 1n FIG. 1) can be used to cover output aperture 111.

[0093] FIG. 14 schematically shows inset 1400 (or aperture trim piece) that can be added
to the room side of the wall and coupled with the functional components of the luminaire
disposed within a luminaire. Inset 1400 can be positioned on the wall (or any other surface)

so that the front surface of inset 1400 1s flush or substantially flush with the surtace of the
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wall. In some embodiments, inset 1400 can be flush with the wall while side surfaces 1230
extend inwardly into the housing through the wall. In embodiments, inset 1400 can include
side surfaces 1230 surrounding the top and sides of the output aperture and extending
inwardly 1nto the output aperture. Side surfaces 1230 can provide depth to the output
aperture. In some embodiments, inset 1400 does not include a lower recessed side surface.
As shown 1n the figure, frames 1210 can be slightly recessed 1n order to provide an area to
form 1nto the wall, for example, with plaster or mud to create an effect where mset 1s flush
with the wall. Moreover, side surfaces can have a depth of 2, 1.75, 1.5, 1.25, 1.0, 0.75, or
0.5 inches extending from the front surface of inset into the housing. In this way, the front

edges of output aperture 111 can be flush with the rest of the wall.

[0094] Some embodiments of the invention may not include inset 1400. In some
embodiments, a frame can ring output aperture 111 on the external surface of the wall like a
picture frame. In some embodiments the frame may not be flush with the wall. The frame
can take on any shape or design, for example, including shapes or designs that are standard
for window trim or picture frames. Moreover, the frame may include side surfaces that

extend inwardly 1nto the housing through the wall.

[0095] FIG. 15A schematically shows a side-view of an LED circuit board 608 arranged
with lens 1520 according to some embodiments of the invention. LED circuit board 608
can include a plurality of LEDs 605 arranged 1n any geometric configuration on the circuit

board 608. Any number of LEDs 605 can be arranged on the circuit board.

[0096] In embodiments, lens 1520 can be coupled with circuit board 608. Lens 1520 can
project light 1n an upward 1llumination distribution using a combination of refraction and
total internal reflection. Lens 1520 can be used with a primary optical subsystem 106-8, as
shown. Lens 1520 mcludes pocket 1515 within which light sources 610 are placed. In
some embodiments, lens 1520 1s positioned a small distance away from circuit board 608.
For example, an injection molded plastic piece can be positioned between circuit board 608
and lens 1520 1n order to provide thermal 1solation. In some embodiments, lens 1520 can
be secured a distance away from circuit board 608 using brackets or other mechanical

means 1n order to provide thermal 1solation.

[0097] As shown in FIG. 17, the LEDs may not extend all the way across circuit board

608. This 1s done to reduce the amount of light that 1s incident on side surfaces (e.g., side
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surfaces 1230 shown 1n FIGS. 12A, 12B, 13A and 13B) of a recessed luminaire. In other

embodiments, the LEDs can extend all the way along circuit board 608.

[0098] FIG. 15B schematically shows a three dimensional view of lens 1520. Lens 1520,
for example, can be made from extruded or injection molded plastic. Various other
manufacturing techniques can be used to manufacture lens 1520. Lens 1520 mcludes
pocket 1515 that extends along the length of lens 1520 and allows for a plurality of LEDs
that are arranged along the length of the lens to be positioned within pocket 1515. A holder
or bracket can be coupled with the ends of lens 1520 that can keep lens positioned away
from circuit board 608. Morcover, the holder or bracket can be coupled with a heat sink.
The holder or bracket can be screwed into the heat sink and also contain features to apply

pressure to the LED board for maximum thermal contact between the LED board and the

heat sink.

[0099] FIG. 16 schematically shows lens 1520 and circuit board 608 positioned within
heat sink 607. Heat sink 607 can conduct heat away from circuit board 608 and/or lens
1520. Heat sink 607 also acts as a holder for lens 1520 and circuit board 608. In this way,
proper conductive contact 1s assured. Various other heat sink configurations can be used.

Holders 1620 can be used to secure lens 1520 and circuit board 608 together and within heat
sink 607.

[0100] FIG. 17 schematically shows an exploded view of portions of primary optical
subsystem. Circuit board 608 includes LEDs arranged along the length of the board. Lens
1520 1s positioned above circuit board 608. Holders 1620 coupled with the ends of circuit
board 608 and lens 1520 can be used to keep some distance between circuit board 608 and
lens 1520 and align LEDs to circuit board 608. Morcover, holders can be used to couple
both circuit board 608 and lens 1520 with heat sink 607. Screws or bolts can be used to
fasten holders 1620 with heat sink 607. As shown 1n the figure, holders 1620 have cutouts

with the same cross-sectional shape as lens 1520.

[0101] Luminaires described herein can include any number of sizes, dimensions and/or
configurations. For example, a luminaire housing can be less than 3.625 inches deep, 1n the
in-wall direction. Luminaires can also have a width that 1s less than the standard
commercial and/or residential stud width of 24 or 16 inches. That 1s, the width of the

l[uminaire housing can be at or less than 22 3/8 or 14 3/8 inches.
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[0102] In embodiments, the primary optical subsystem and/or the secondary optical
subsystem (or components thereot) can be located anywhere within the output aperture. For
example, primary optical subsystem and/or the secondary optical subsystem can be disposed
on the sides, below, and/or above the output aperture as well as within the output aperture.
Moreover, the secondary optical subsystem can include a plurality of secondary optical
subsystems disposed 1n various locations and/or independently controllable in both
spectrum and total output. For example, a first secondary optical subsystem can be
disposed at the top of the output aperture that provides blue light, and a second secondary
optical subsystem can be disposed at the bottom that provides red light. This example can

provide a vertical gradient from red to blue.

[0103] While many luminaries have been described 1in a wall-recessed configuration,
embodiments of the invention are not limited thereby. Luminaires described herein may be
recessed 1n any surface such as a ceiling, counter, ground, or floor. For example, 1n a
ceiling configuration, the secondary optical subsystem may provide a light distribution
representative of a skylight. In some configurations, the primary optical subsystem can
provide indirect light on a wall. And 1n some configurations, a plurality of primary optical

subsystems can ¢xist and may provide mdirect light on one or more walls.

[0104] In some embodiments, the primary optical subsystem can be used to provide a
floor wash. For example, the luminaire system can be positioned near a floor with the

secondary optical subsystem providing various i1llumination conditions and the primary
optical subsystem illuminating the floor. Such a luminaire can be used for step or night

lighting solutions.

[0105] FIG. 18 shows a block diagram of controller 1805 coupled with primary optical
subsystem 1810 and secondary optical subsystem 1815. Controller 1805 can control power
to the light sources. In embodiments, controller 1805 may control distinct light sources

within primary optical subsystem 1810 and/or secondary optical subsystem 1815.

[0106] Controller 1805 can change the characteristic of the light emitted from primary
optical subsystem 1810 and/or secondary optical subsystem 1815. For example, controller
1805 can be coupled with distinct light sources and/or dynamic filters to adjust the quantity
of light and/or color of either or both primary optical subsystem 1810 and secondary optical
subsystem 1815 throughout the day to correlate the quantity of light and/or color of light
based on the time of day and/or day of the year. As one example, the produced light may be
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grcater during midday and lesser at night. As another example, the produced light may
include more red and yellow hues during sunrise and sunset. Controller 1805 may also be

coupled with various actuators.

[0107] Controller 1805 may also adjust the brightness and/or color of the light based on
real-time weather phenomena. For example, the controller can include a network card (e.g.,
W1iFi1 or cellular network card etc.) that communicates with a database that updates local
weather conditions 1n real-time. Based on information 1in the database, the controller can
change the quantity of light, brightness, gradient and/or spectrum of the light produced by
cither or both the primary optical subsystem 1810 and secondary optical subsystem 1815
based on real-time weather events. As another example, the controller can include a
database of weather events and can randomly adjust the characteristic of light by randomly
selecting a weather event from the database. In some embodiments, the controller can
dynamically control the quantity of light, brightness, luminous or chromatic gradient and/or
color of the light emitted from the primary and/or secondary light sources 1in any way; for
example, 1n a way that 1s visually interesting or pleasing and/or that adds to the ambiance of

the architectural space.

[0108] In embodiments, controller 1805 can provide independent control of a primary
optical subsystem 106 and one or more secondary optical subsystems 107. This
independent control can control the luminance, color, distribution, look, and/or feel of the
light independently for the two optical subsystems. In some embodiments, controller 1805
can provide appearance compensation. For instance, when the emitted light of one optical
subsystem changes from 1n appearance, the other subsystem can also change 1n order to

compensate for the new look and feel of the overall system.

[0109] In embodiments, a plurality of luminaires and/or luminaire subsystems can be
controlled 1n a coordinated fashion. That 1s, the temporal and/or spatial effects can be
created among the plurality of luminaires and/or luminaire subsystems. For example, 1n a
first state, each of the plurality of luminaires and/or luminaire subsystems can provide a
static luminous presentation. In a second state, a “ripple” of color could be sent across the
plurality of luminaires and/or luminaire subsystems. As another example, a user could
specity a different color scheme for the secondary component of each of four corners of a
two dimensional array of luminaires and/or luminaire subsystems. A combination of

software and/or control system can be used to automatically blend/transition the color of all
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the other luminaires based on each one’s relative spatial proximity of the plurality of

l[uminaires and/or luminaire subsystems.

[0110] In some embodiments, controller 1805 can include a plurality of controllers and/or
drivers. Morecover, in embodiments, controller 1805 can include multiple controllers
distributed among a plurality of luminaries. Morecover, controller 1805 can include one or

more light drivers.

[0111] The computational system 1900, shown schematically in FIG. 19, can be used to
perform control functions described herein. Controller 1805 can include all or portions of
computational system 1900. As another example, computational system 1900 can be used
to perform any program or simulation described herein. Furthermore, computational system

1900 can be used to control various LEDs and/or light sources.

[0112] Computational system 1900 includes hardware elements that can be electrically
coupled via a bus 1905 (or may otherwise be in communication, as appropriate). The
hardware elements can include one or more processors 1910, including without limitation
one or more general-purpose processors and/or one or more special-purpose processors
(such as digital signal processing chips, graphics acceleration chips, and/or the like); one or
more¢ mput devices 1915, which can include without limitation a mouse, a keyboard and/or
the like; and one or more output devices 1920, which can include without limitation a

display device, a printer and/or the like.

[0113] The computational system 1900 may further include (and/or be in communication
with) one or more storage devices 1925, which can include, without limitation, local and/or
network accessible storage and/or can include, without limitation, a disk drive, a drive
array, an optical storage device, a solid-state storage device, such as a random access
memory (“RAM?”) and/or a read-only memory (“ROM?”), which can be programmable,
flash-updateable and/or the like. The computational system 1900 might also include a
communications subsystem 1930, which can include without limitation a modem, a network
card (wireless or wired), an infrared communication device, a wireless communication
device and/or chipset (such as a Bluetooth device, an 802.6 device, a WiF1 device, a WiMax
device, cellular communication facilities, etc.), and/or the like. The communications
subsystem 1930 may permit data to be exchanged with a network (such as the network

described below, to name one example), and/or any other devices described herein. In
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many embodiments, the computational system 1900 will further include a working memory

1935, which can include a RAM or ROM device, as described above.

[0114] The computational system 1900 also can include software elements, shown as
being currently located within the working memory 1935, including an operating system
1940 and/or other code, such as one or more application programs 1945, which may include
computer programs of the invention, and/or may be designed to implement methods of the
invention and/or configure systems of the invention, as described herem. For example, one
or more procedures described with respect to the method(s) discussed above might be
implemented as code and/or 1nstructions executable by a computer (and/or a processor
within a computer). A set of these instructions and/or codes might be stored on a computer-

readable storage medium, such as the storage device(s) 1925 described above.

[0115] In some cases, the storage medium might be incorporated within the
computational system 1900 or in communication with the computational system 1900. In
other embodiments, the storage medium might be separate from a computational system
1900 (e.g., a removable medium, such as a compact disc, ¢tc.), and/or provided in an
installation package, such that the storage medium can be used to program a general
purpose computer with the imstructions/code stored thercon. These mstructions might take
the form of executable code, which 1s executable by the computational system 1900 and/or
might take the form of source and/or installable code, which, upon compilation and/or
installation on the computational system 1900 (¢.g., using any of a varicty of generally
available compilers, installation programs, compression and/or decompression utilities, etc.)

then takes the form of executable code.

[0116] Different arrangements of the components depicted 1n the drawings or described
above, as well as components and steps not shown or described are possible. Similarly,
some features and subcombinations are useful and may be employed without reference to
other features and subcombinations. Embodiments of the invention have been described for
illustrative and not restrictive purposes, and alternative embodiments will become apparent
to readers of this patent. That 1s, while this invention has been described with an emphasis
upon certain embodiments, 1t will be obvious to those of ordinary skill in the art that
variations of the embodiments may be used and that 1t 1s intended that the invention may be
practiced otherwise than as specifically described herein. The teachings herein are

contemplated as being applicable in any combination, whether or not explicitly disclosed as
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such. Accordingly, the present invention 1s not limited to the embodiments described above

or depicted 1n the drawings, and various embodiments and modifications can be made

without departing from the scope of the claims below. In particular, it should be noted that

the following specific combinations of features are possible:

a)

b)

d)

A two-component luminaire for illuminating an architectural space may include at least
a housing, including at least a panel that faces the architectural space. A peripheral edge
of the housing may form an output aperture that faces the architectural space, with a first
edge segment of the peripheral edge bounding a first panel section of the panel, and a
second edge segment of the peripheral edge being across the output aperture from the
first edge segment. A plane normal to the panel and bisecting the output aperture may
define a boundary between an indirect lighting region and a direct lighting region,
wherein the first edge segment and first panel section are within the direct lighting
region, and the second edge segment 1s within the indirect lighting region. The
l[uminaire may further include a primary optical subsystem that 1s arranged within the
housing so as to be hidden from the direct lighting region by the first panel section, and
configured to generate and emit light, through the output aperture, solely into the
indirect lighting region, and a secondary optical subsystem, disposed within the housing
and configured to generate and emit light through the output aperture.

In the two-component luminaire designated as (a) above, the primary optical subsystem
may be configured to 1lluminate a surface that 1s substantially perpendicular to the panel
and within the indirect lighting region.

In the two-component luminaires designated as (a) or (b) above, the light emitted by the
secondary optical subsystem may be distributed across the output aperture.

The two-component luminaires designated as (a), (b) or (¢) above may include a
controller that independently controls one or more of lumen output, luminance,
brightness, color and color temperature of the primary optical subsystem and the
secondary optical subsystem.

In any of the two-component luminaires designated as (a) through (d) above, the
primary optical subsystem may include a plurality of light sources disposed within the
housing proximate the first edge segment and the first panel section.

In any of the two-component luminaires designated as (a) through (¢) above, the
secondary optical subsystem may include a plurality of light sources, each of the light
sources emitting light of a different color than the others of the plurality of light sources.

In any of these luminaires, cach of the plurality of light sources may be independently
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g)

h)

)

k)

controllable and/or arranged such that the light sources can create gradients of color
and/or mtensity across the output aperture, when the output aperture 1s viewed from the
direct lighting region.

In any of the two-component luminaires designated as (a) through () above, the
secondary optical subsystem may include one or more light sources that emit light of a
single color.

In any of the two-component luminaires designated as (a) through (g) above, the
secondary optical subsystem may include a light source selected from the group
consisting of a plurality of multi-color light emitting diodes (LEDs), a liquid crystal
display (LCD), an organic light emitting diode (OLED) display, an LED matrix, and a
plasma display.

In any of the two-component luminaires designated as (a) through (h) above, the
secondary optical subsystem may include a first plurality of light sources and a second
plurality of light sources. Any of these two-component luminaires may further include a
controller that independently controls the first plurality of light sources and the second
plurality of light sources

Any of the two-component luminaires designated as (a) through (1) above may include a
diffuser within the housing. The primary optical subsystem may be disposed between
the diffuser and the first panel section such that from the direct lighting region, the
diffuser 1s substantially visible across the output aperture, but the primary optical
subsystem remains hidden by the first panel section. In any of these luminaires, the
diffuser may have a surface area larger than an area of the output aperture, and/or be
concave with respect to the output aperture. In any of these luminaires, a majority of
light from the secondary optical subsystem passes through the diffuser prior to emitting
through the output aperture without light from the primary optical subsystem passing
through the diffuser prior to emitting through the output aperture. In any of these
[uminaires, the housing may form a void corresponding to the output aperture between
at least the first and second edge segments of the peripheral edge, and/or the diffuser
may be collapsible such that 1t can be removed from the luminaire through the output
aperture.

In any of the two-component luminaires designated as (a) through (j) above, the primary
optical subsystem may include a plurality of light sources that produce substantially

white light.
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1)

In any of the two-component luminaires designated as (a) through (k) above, the
housing may include a plurality of sidewalls disposed proximate the peripheral edge of
the output aperture, and extending perpendicularly into the housing from the peripheral
cdge. In any of these luminaires, the housing may be substantially rectangular, the
second edge segment of the peripheral edge may be substantially horizontal when the
luminaire 18 1nstalled, a first one of the sidewalls may adjoin the second edge segment of
the peripheral edge and extends perpendicularly into the housing therefrom, third and
fourth edge segments of the peripheral edge may be substantially vertical when the
l[uminaire 1s 1nstalled, each of the third and fourth edge segments connecting with the
first and second edge segments proximate sides of the housing, and/or second and third
oncs of the sidewalls may adjoin the third and fourth edge segments respectively and

extend perpendicularly into the housing therefrom.

m) In any of the two-component luminaires designated as (a) through (1) above, the housing

may have a width that 1s less than 24 inches and/or a depth that 1s less than 3.625 inches
such that the housing can be located within a wall between studs and without protruding
from the wall.

In any of the two-component luminaires designated as (a) through (m) above, the output
aperture may form a first output aperture. These two-component luminaire may also
include a second output aperture, a second primary optical subsystem disposed to direct
light though the second output aperture, a second secondary optical subsystem disposed
to direct light though the second output aperture, and/or a controller configured to
independently control one or more of: lumen output, luminance, brightness, color
and/or color temperature of light emitted by the primary optical subsystem, the
secondary optical subsystem, the second primary optical subsystem, and the second
secondary optical subsystem.

A method of i1lluminating an architectural space may include providing a luminaire
within a recess of a wall of the architectural space. The luminaire may include a
housing, a first primary optical subsystem configured to emit a first light solely towards
an indirect lighting region of the architectural space, while being hidden, by the housing,
from view of a direct lighting region of the architectural space, and a first secondary
optical subsystem. The method may further include activating the first primary optical
subsystem to provide the first light into the indirect lighting region of the architectural
space, and activating the first secondary optical subsystem to provide a second light into

at least the direct lighting region of the archi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>