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(57) ABSTRACT

Control instructions are transmitted to receivers by modu-
lating light sources to generate light beams that are modu-
lated with digital data streams for inducing control instruc-
tions in the light beams. Each light beam is applied to a pixel
shaper element of a pixel shaper assembly to produce a light
pixel, each light pixel carrying the control instructions of the
light beam, each light pixel having a perimeter defined by
the pixel shaper element. The pixel shaper assembly com-
bines the light pixels into an image without significant
overlap or voids between the light pixels. The light pixels are
directed toward a projector lens for transmission toward the
receivers. In a receiver, an optical receiver detects a light
pixel. A controller decodes the control instructions received
in the detected light pixel and uses the control instructions
to control a function of the receiver.
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METHOD FOR TRANSMITTING CONTROL
INSTRUCTIONS TO A PLURALITY OF
RECEIVERS AND RECEIVER ADAPTED TO
RECEIVE A LIGHT PIXEL CARRYING THE
CONTROL INSTRUCTIONS

CROSS-REFERENCE

[0001] The present application claims priority from U.S.
Provisional Patent Application Ser. No. 63/076,784, filed on
Sep. 10, 2020, the disclosure of which is incorporated by
reference herein it its entirely.

FIELD

[0002] The present technology relates to lighting control
technologies. In particular, various methods for transmitting
control instructions to a plurality of receivers, and receivers
adapted to receive light pixels carrying the control instruc-
tions, are disclosed.

BACKGROUND

[0003] An innovative device projecting a two-dimensional
(2D) pixel matrix, in which each “pixel” of the 2D matrix
consists of an infrared (IR) digital data stream, is described
in U.S. Pat. No. 8,628,198, the disclosure of which is
incorporated by reference herein. Since the 2D pixel matrix
is projected upon, for example, members of an audience in
a stadium, it is possible to transmit different data to different
locations in the stadium, so the data received in a particular
location can be made specific to a pixel projected to that
location. Since each IR digital data stream may be location
dependent, various IR digital data streams can be pro-
grammed to be unique in content, so that each pixel may be
given, if desired, unique instructions, particular to that pixel
or stadium location. Receivers of this IR digital data stream,
being worn by members of the audience, are thus provided
with unique instructions, commands, or data, which may be
made dependent upon which pixel, or physical location, they
occupy. A movement of a receiver from one pixel location
to another automatically changes that receiver’s data stream
to that transmitted to the new location. The IR digital data
stream, if programmed to illuminate the receiver according
to color and intensity information, can turn the receivers into
a real time, moving light show. The technology described in
U.S. Pat. No. 8,628,198 is thus capable of transforming the
audience into a 2D video screen.

[0004] Even though the recent developments identified
above may provide benefits, improvements are still desir-
able. In particular, empty spaces, or voids, may be present
between the various pixels projected on the audience, poten-
tially leaving some of the members of the audience unable
to receive the IR digital data stream. Manufacturing costs of
the technology may also be a cause for concern. Also, the
potential of the technology may not have been fully
exploited for other applications.

[0005] The subject matter discussed in the background
section should not be assumed to be prior art merely as a
result of its mention in the background section. Similarly, a
problem mentioned in the background section or associated
with the subject matter of the background section should not
be assumed to have been previously recognized in the prior
art. The subject matter in the background section merely
represents different approaches.
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SUMMARY

[0006] Embodiments of the present technology have been
developed based on developers’ appreciation of shortcom-
ings associated with the prior art.

[0007] In particular, such shortcomings may comprise the
presence of voids between the various pixels, manufacturing
costs related to the prior technology, and/or lack of use of the
full potential of the prior technology.

[0008] In a first aspect, various implementations of the
present technology provide a combination, comprising:

[0009] at least one lens; and
[0010] at least one prism;
[0011] the at least one lens and the at least one prism

being in an optical path of a corresponding at least one
light source, the combination being configured to direct
light radiating from the at least one light source toward
a projector lens.
[0012] In some implementations of the present technol-
ogy, the at least one light source comprises an array of light
sources; and the combination is configured to direct light
radiating from the array of light sources toward the projector
lens.
[0013] In some implementations of the present technol-
ogy, the at least one lens is a Fresnel lens and the at least one
prism is a Fresnel prism.
[0014] In some implementations of the present technol-
ogy, the at least one lens has a positive focus.
[0015] In some implementations of the present technol-
ogy, the combination shapes the light radiating from the at
least one light source as a cone-shaped light radiation pattern
directed toward the projector lens.
[0016] In some implementations of the present technol-
ogy, the combination is positioned at a given distance from
the at least one light source; and a focusing distance of the
at least one lens is determined at least in part according to
the given distance.
[0017] In some implementations of the present technol-
ogy, an orientation of the at least one prism is determined at
least in part to correct a bending angle of the light radiating
from the at least one light source.
[0018] In some implementations of the present technol-
ogy, the at least one lens and the at least one prism are
formed as a single piece.
[0019] In some implementations of the present technol-
ogy, the projector lens is selected from a fixed lens, a
parfocal lens and a varifocal lens.
[0020] In some implementations of the present technol-
ogy, the light radiating from the at least one light source
forms an image pixel.
[0021] In some implementations of the present technol-
ogy, the image pixel contains infrared light carrying a digital
data stream.
[0022] In some implementations of the present technol-
ogy, the at least one lens comprises a plurality of lenses; the
at least one prism comprises a plurality of prisms; and the
combination comprises a plurality of pixel forming sub-
combinations, each pixel forming sub-combination compris-
ing one of the plurality of lenses and a corresponding one of
the plurality of prisms, each pixel forming sub-combination
being configured to direct light radiating from a correspond-
ing set of one or more light sources toward the projector
lens.
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[0023] In some implementations of the present technol-
ogy, at least some of the plurality of pixel forming sub-
combinations are formed into a single optical sheet.
[0024] In some implementations of the present technol-
ogy, the single optical sheet is a plastic sheet.
[0025] In some implementations of the present technol-
ogy, the plurality of lenses and the plurality of prisms are on
a same side of the single optical sheet.
[0026] In some implementations of the present technol-
ogy, the plurality of lenses is on a first side of the single
optical sheet and the plurality of prisms on is a second side
of the single optical sheet, the second side being opposite
from the first side.
[0027] In some implementations of the present technol-
ogy, each of the plurality of pixel forming sub-combinations
has specific optical properties determined at least in part
according to a specific distance and a specific angle between
the corresponding set of one or more light sources and the
projector lens.
[0028] In some implementations of the present technol-
ogy, a focusing distance of a given pixel forming sub-
combination is determined at least in part according to a
distance between the given pixel forming sub-combination
and the corresponding set of one or more light sources.
[0029] In some implementations of the present technol-
ogy, the sets of one or more light sources corresponding to
the plurality of pixel forming sub-combinations are distrib-
uted over a first two-dimensional area on a mounting sup-
port; the plurality of pixel forming sub-combinations is
distributed over a second two-dimensional area of the com-
bination; and the specific optical properties of a given pixel
forming sub-combination are determined at least in part
according to a distance, an angle and an angle of rotation
between the given pixel forming sub-combination and the
corresponding set of one or more light sources.
[0030] In some implementations of the present technol-
ogy, a first angle of deflection of a first pixel forming
sub-combination located on an external edge of the second-
two dimensional area is greater than a second angle of
deflection of a second pixel forming sub-combination
located closer to a center of the second two-dimensional area
of the combination.
[0031] In some implementations of the present technol-
ogy, the plurality of sub-combinations is distributed over a
two-dimensional (2D) array.
[0032] In some implementations of the present technol-
ogy, the 2D array forms a rectangular matrix.
[0033] In some implementations of the present technol-
ogy, the light radiating from each corresponding set of one
or more light sources forms an image pixel.
[0034] In some implementations of the present technol-
ogy, each image pixel contains infrared light carrying a
corresponding digital data stream.
[0035] In a second aspect, various implementations of the
present technology provide a device, comprising:

[0036] an enclosure having:

[0037] a rear opening adapted to receive a light beam

from a light source,

[0038] a front opening adapted to emit a modified light
beam, and
[0039] internal walls extending between the rear open-

ing and the front opening;
[0040] the light beam being modified according to a
perimeter of the front opening.
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[0041] In some implementations of the present technol-
ogy, the perimeter of the front opening forms a rectangle.
[0042] In some implementations of the present technol-
ogy, an internal perimeter of the enclosure is rectangular.
[0043] In some implementations of the present technol-
ogy, the front opening of the enclosure is a plane of focus for
the device.
[0044] In some implementations of the present technol-
ogy, the device further comprises a reflective material cov-
ering the internal walls of the enclosure.
[0045] In some implementations of the present technol-
ogy, the internal walls of the enclosure are made of a
reflective material.
[0046] In some implementations of the present technol-
ogy, the enclosure further comprises a rear reflector plate,
the rear opening being formed as a cut-out in the rear
reflector plate, a face of the rear reflector plate on the inside
of the enclosure being covered with a reflective material.
[0047] In some implementations of the present technol-
ogy, the enclosure further comprises a rear reflector plate,
the rear opening being formed as a cut-out in the rear
reflector plate, the rear reflector plate being made of a
reflective material.
[0048] In some implementations of the present technol-
ogy, a size of the cut-out in the rear reflector plate is selected
to allow most of the light beam from the light source to enter
the enclosure.
[0049] In some implementations of the present technol-
ogy, the reflective material is a textured reflective material.
[0050] In some implementations of the present technol-
ogy, the rear opening is centrally positioned in an internal
perimeter of the enclosure.
[0051] In some implementations of the present technol-
ogy, the device further comprises a Fresnel lens positioned
in front of the enclosure so to receive the modified light
beam from the front opening of the enclosure, a plane of
focus of the device being located in front of the Fresnel lens.
[0052] In some implementations of the present technol-
ogy, the device is adapted to be positioned at a distance from
the light source so to leave an air gap between the light
source and the device.
[0053] In some implementations of the present technol-
ogy, the device further comprises at least one shade formed
of a light absorbing material, the at least one shade being
adapted to attenuate light emitted from the device outside of
a main direction of the modified light beam.
[0054] In some implementations of the present technol-
ogy, the light beam from the light source is an infrared light
beam carrying a digital data stream; and the device is
configured to maintain integrity of the digital data stream in
the modified light beam.
[0055] In a third aspect, various implementations of the
present technology provide a combination, comprising:

[0056] the above described device and the light source;

[0057] a printed circuit board for mounting the light

source; and
[0058] a reflective material covering a surface of the
printed circuit board surrounding the light source.

[0059] In a fourth aspect, various implementations of the
present technology provide a light shaping assembly, com-
prising a two-dimensional (2D) array formed of a plurality
of devices as defined above, each one of the plurality of
devices being adapted to receive a light beam from a
corresponding light source.
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[0060] In some implementations of the present technol-
ogy, each device of the 2D array is adapted to emit a
corresponding light pixel.

[0061] In some implementations of the present technol-
ogy, each light pixel carries a respective digital data stream.
[0062] In some implementations of the present technol-
ogy, the light shaping assembly further comprises a light
absorbing hood positioned in front of the plurality of devices
and surrounding a 2D array formed by the modified light
beams emitted by the plurality of devices, the light absorb-
ing hood being adapted to attenuate light emitted from the
light shaping assembly outside of a main direction of the
modified light beams.

[0063] In some implementations of the present technol-
ogy, the 2D array forms a rectangular matrix.

[0064] In some implementations of the present technol-
ogy, the light shaping assembly further comprises a Fresnel
lens positioned in front of the front openings of the devices
of the 2D array.

[0065] In a fifth aspect, various implementations of the
present technology provide a method for transmitting con-
trol instructions to a plurality of receivers, the method
comprising:

[0066] modulating a plurality of light sources to gener-
ate a plurality of corresponding light beams, each light
source being modulated with a corresponding digital
data stream for inducing corresponding control instruc-
tions in the corresponding light beam;

[0067] applying each of the plurality of light beams to
a corresponding pixel shaper element of a pixel shaper
assembly to produce a plurality of light pixels, each
light pixel carrying the control instructions of the
corresponding light beam, each light pixel having a
perimeter defined by the corresponding pixel shaper
element, the pixel shaper assembly combining the
plurality of light pixels into an image without signifi-
cant overlap and without significant voids between the
light pixels; and

[0068] the plurality of light pixels being directed toward
a projector lens, the projector lens transmitting the
plurality of light pixels toward the plurality of receiv-
ers.

[0069] In some implementations of the present technol-
ogy, the light sources form a first two-dimensional (2D)
array; the plurality of light beams form a second 2D array;
and the plurality of image pixels form a third 2D array.
[0070] In some implementations of the present technol-
ogy, each of the first, second and third 2D arrays forms a
respective rectangular matrix.

[0071] In some implementations of the present technol-
ogy, each light source is an infrared light source.

[0072] In some implementations of the present technol-
ogy, the method further comprises replacing each of the
plurality of infrared light sources with a temporary light
source operable to emit visible light; causing the temporary
light sources to emit a plurality of visible light pixels to
allow previewing a visible image formed combining the
plurality of visible light pixels; and after the previewing the
visible image, restoring the plurality of infrared light
sources.

[0073] In some implementations of the present technol-
ogy, each light source is operable to emit visible light and
infrared light, the method further comprising causing the
plurality of light sources to emit a plurality of visible light
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pixels to allow previewing a visible image formed combin-
ing the plurality of visible light pixels.

[0074] In some implementations of the present technol-
ogy, each light source is a light emitting diode (LED).
[0075] In some implementations of the present technol-
ogy, each light pixel is directed toward one or more receiv-
ers.

[0076] In some implementations of the present technol-
ogy, at least one of the one or more receivers is a movable
receiver adapted to move between reception areas of distinct
light pixels.

[0077] In some implementations of the present technol-
ogy, at the least one of the one or more receivers is operable
to interpret positional information received in the distinct
light pixels.

[0078] In some implementations of the present technol-
ogy, at least one of the one or more receivers includes a user
operable switch configured to allow selection of one of a
plurality of supported functions.

[0079] In some implementations of the present technol-
ogy, the control instructions transmitted in each light pixel
are configured to control, in each of the one or more
receivers, a function selected from operating a lighting
element, operating a sound element, operating a Bluetooth
communication unit, operating a WiFi communication unit,
and a combination thereof.

[0080] In a sixth aspect, various implementations of the
present technology provide a receiver adapted to receive a
light pixel carrying control instructions transmitted using the
above-described method, the receiver comprising:

[0081] a power source;

[0082] an optical receiver receiving power from the
power source and being adapted to detect the light
pixel; and

[0083] a controller receiving power from the power
source and being operatively connected to the optical
receiver, the controller being configured to:

[0084] decode the control instructions received in the
detected light pixel, and
[0085] use the control instructions to control a func-
tion of the receiver selected from operating a lighting
element, operating a sound element, operating a
Bluetooth communication unit, operating a WiFi
communication unit, and a combination thereof.
[0086] In some implementations of the present technol-
ogy, the power source comprises a battery.
[0087] In some implementations of the present technol-
ogy, the sound element comprises a speaker.
[0088] In some implementations of the present technol-
ogy, the sound element comprises an electrical jack output.
[0089] In some implementations of the present technol-
ogy, the receiver is fitted with one or more attachments to
allow attaching the receiver to a body part or to a piece of
clothing of a wearer.
[0090] In some implementations of the present technol-
ogy, the controller comprises a processor and a non-transi-
tory storage medium containing instructions that, when
executed by the processor, allow the controller to interpret
and use the control instructions.
[0091] In some implementations of the present technol-
ogy, the receiver further comprises at least one user con-
trollable switch or button allowing a user to select one of a
range of functions related to the control instructions.
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[0092] In aseventh aspect, various implementations of the
present technology provide a light shaping assembly, com-
prising:

[0093] a printed circuit board (PCB); and

[0094] a two-dimensional (2D) array formed of a plu-
rality of rows, each row comprising a plurality of light
sources mounted on the PCB, each light source com-
prising a pair of supporting pins for mounting the light
source on the PCB;

[0095] the supporting pins of each light source being
bent at an angle increasing as a function of a distance
between each light source and a selected point on the
PCB so that light beams emitted by the light sources are
collectively directed toward a common target.

[0096] In some implementations of the present technol-
ogy, the selected point on the PCB is a center of the PCB.
[0097] In some implementations of the present technol-
ogy, the common target is a projector lens.

[0098] In some implementations of the present technol-
ogy, the light sources are light emitting diodes (LED).
[0099] In some implementations of the present technol-
ogy, each LED is in a T-134 package.

[0100] In some implementations of the present technol-
ogy, each light source is held above a top surface of the PCB
by its pair of supporting pins.

[0101] In some implementations of the present technol-
ogy, the supporting pins are solder leads; and the light
sources are soldered on the PCB.

[0102] In some implementations of the present technol-
ogy, a number of rows of the 2D array is equal to a number
of light sources in each row.

[0103] In some implementations of the present technol-
ogy, a number of rows of the 2D array is not equal to a
number of light sources in each row.

[0104] In some implementations of the present technol-
ogy, each light beam has a respective beam width; an
intensity of each light beam is at its maximum at a center of
the respective beam width; and the supporting pins of each
light sources are bent so that the center of each respective
beam width is directed toward the common target.

[0105] In some implementations of the present technol-
ogy, the 2D array forms a rectangular matrix.

[0106] In some implementations of the present technol-
ogy, each light source is adapted to emit a corresponding
light pixel.

[0107] In some implementations of the present technol-
ogy, each respective light source is connectable to a source
of a respective digital data stream; and each respective light
pixel emitted by the respective light source carries the
respective digital data stream.

[0108] In an eight aspect, various implementations of the
present technology provide a light shaping assembly, com-
prising:

[0109] a printed circuit board (PCB);

[0110] a two-dimensional (2D) array formed of a plu-
rality of rows, each row comprising a plurality of light
sources mounted on the PCB; and

[0111] a Fresnel lens adapted to redirect a light beam
emitted by each light source at an angle increasing as
a function of a distance between each light source and
a selected point on the PCB so that the light beams
emitted by the light sources are collectively directed
toward a common target.
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[0112] In some implementations of the present technology,
the selected point on the PCB is a center of the PCB.
[0113] In some implementations of the present technology,
the common target is a projector lens.

[0114] In some implementations of the present technology,
the light sources are light emitting diodes (LED).

[0115] In some implementations of the present technology,
each LED is in a T-1%4 package; and each LED is mounted
straight up on the PCB.

[0116] In some implementations of the present technology,
each LED is a surface mount LED.

[0117] In some implementations of the present technology,
a number of rows of the 2D array is equal to a number of
light sources in each row.

[0118] In some implementations of the present technology,
a number of rows of the 2D array is not equal to a number
of light sources in each row.

[0119] In some implementations of the present technology,
each light beam has a respective beam width; an intensity of
each light beam is at its maximum at a center of the
respective beam width; and the supporting pins of each light
sources are bent so that the center of each respective beam
width is directed toward the common target.

[0120] In some implementations of the present technol-
ogy, the 2D array forms a rectangular matrix.

[0121] In some implementations of the present technol-
ogy, each light source is adapted to emit a corresponding
light pixel.

[0122] In some implementations of the present technol-
ogy, each respective light source is connectable to a source
of a respective digital data stream; and each respective light
pixel emitted by the respective light source carries the
respective digital data stream.

[0123] In the context of the present specification, unless
expressly provided otherwise, a computer system may refer,
but is not limited to, an “electronic device”, an “operation
system”, a “system”, a “computer-based system”, a “con-
troller unit”, a “monitoring device”, a “control device”
and/or any combination thereof appropriate to the relevant
task at hand.

[0124] In the context of the present specification, unless
expressly provided otherwise, the expression “computer-
readable medium” and “memory” are intended to include
media of any nature and kind whatsoever, non-limiting
examples of which include RAM, ROM, disks (CD-ROMs,
DVDs, floppy disks, hard disk drives, etc.), USB keys, flash
memory cards, solid state-drives, and tape drives. Still in the
context of the present specification, “a” computer-readable
medium and “the” computer-readable medium should not be
construed as being the same computer-readable medium. To
the contrary, and whenever appropriate, “a” computer-read-
able medium and “the” computer-readable medium may also
be construed as a first computer-readable medium and a
second computer-readable medium.

[0125] In the context of the present specification, unless
expressly provided otherwise, the words “first”, “second”,
“third”, etc. have been used as adjectives only for the
purpose of allowing for distinction between the nouns that
they modify from one another, and not for the purpose of
describing any particular relationship between those nouns.
[0126] Implementations of the present technology each
have at least one of the above-mentioned object and/or
aspects, but do not necessarily have all of them. It should be
understood that some aspects of the present technology that
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have resulted from attempting to attain the above-mentioned
object may not satisfy this object and/or may satisfy other
objects not specifically recited herein.

[0127] Additional and/or alternative features, aspects and
advantages of implementations of the present technology
will become apparent from the following description, the
accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0128] For a better understanding of the present technol-
ogy, as well as other aspects and further features thereof,
reference is made to the following description which is to be
used in conjunction with the accompanying drawings,
where:

[0129] FIG. 1 shows an embodiment of a wireless signal
processor with the enhancement of a Zoom lens in accor-
dance with an embodiment of the present technology;
[0130] FIG. 2 shows a typical pixel spacing for various
zoom lens settings in accordance with an embodiment of the
present technology;

[0131] FIG. 3A shows a printed circuit board layout used
to improve infrared light efficiency in accordance with an
embodiment of the present technology;

[0132] FIG. 3B shows an expanded view of the printed
circuit board layout of FIG. 3A in accordance with an
embodiment of the present technology;

[0133] FIG. 4 shows an infrared LED orientation for
improved infrared light efficiency in accordance with an
embodiment of the present technology;

[0134] FIG. 5 shows the use of a lens/prism combination
to increase infrared light efficiency for surface mounted
LEDs in accordance with an embodiment of the present
technology;

[0135] FIG. 6 shows useful properties of the lens/prism
combination in accordance with an embodiment of the
present technology;

[0136] FIG. 7 shows a geometry of the light infrared
beams relative to the projector lens in accordance with an
embodiment of the present technology;

[0137] FIGS. 8A and 8B show how the lens/prism com-
bination of FIG. 7 may be simplified for ease of manufac-
turing in accordance with an embodiment of the present
technology;

[0138] FIG. 9A shows a non-ideal pixel pattern and shape;
[0139] FIG. 9B shows an ideal pixel pattern and shape in
accordance with an embodiment of the present technology;
[0140] FIG. 10 shows useful shapes to generate the ideal
pixel pattern of FIG. 9B in accordance with an embodiment
of the present technology;

[0141] FIG. 11 shows a beam shaper for producing the
ideal pixel pattern of FIG. 9B in accordance with an embodi-
ment of the present technology;

[0142] FIG. 12 shows details of a method for full coverage
of a pixel area in accordance with an embodiment of the
present technology;

[0143] FIG. 13 shows an optical shade installed to reduce
optical noise and flare in accordance with an embodiment of
the present technology;

[0144] FIG. 14 shows the use of a Fresnel lens to increase
infrared intensity in accordance with an embodiment of the
present technology;

[0145] FIG. 15 shows an embodiment of a receiver mod-
ule with light, sound, and RF wireless capabilities in accor-
dance with an embodiment of the present technology;
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[0146] FIG. 16 shows a typical block diagram of a receiver
module in accordance with an embodiment of the present
technology;

[0147] FIGS. 17A and 17B show two variants of a reflec-
tor plate design for a pixel shaper in accordance with an
embodiment of the present technology;

[0148] FIG. 18 shows a pixel shaper combined with a
Fresnel lens in accordance with an embodiment of the
present technology; and

[0149] FIG. 19 is a sequence diagram showing operations
of a method for transmitting control instructions to a plu-
rality of receivers in accordance with an embodiment of the
present technology.

[0150] It should also be noted that, unless otherwise
explicitly specified herein, the drawings are not to scale.

DETAILED DESCRIPTION

[0151] The examples and conditional language recited
herein are principally intended to aid the reader in under-
standing the principles of the present technology and not to
limit its scope to such specifically recited examples and
conditions. It will be appreciated that those skilled in the art
may devise various arrangements that, although not explic-
itly described or shown herein, nonetheless embody the
principles of the present technology.

[0152] Furthermore, as an aid to understanding, the fol-
lowing description may describe relatively simplified imple-
mentations of the present technology. As persons skilled in
the art would understand, various implementations of the
present technology may be of a greater complexity.

[0153] In some cases, what are believed to be helpful
examples of modifications to the present technology may
also be set forth. This is done merely as an aid to under-
standing, and, again, not to define the scope or set forth the
bounds of the present technology. These modifications are
not an exhaustive list, and a person skilled in the art may
make other modifications while nonetheless remaining
within the scope of the present technology. Further, where
no examples of modifications have been set forth, it should
not be interpreted that no modifications are possible and/or
that what is described is the sole manner of implementing
that element of the present technology.

[0154] Moreover, all statements herein reciting principles,
aspects, and implementations of the present technology, as
well as specific examples thereof, are intended to encompass
both structural and functional equivalents thereof, whether
they are currently known or developed in the future. Thus,
for example, it will be appreciated by those skilled in the art
that any block diagrams herein represent conceptual views
of illustrative circuitry embodying the principles of the
present technology. Similarly, it will be appreciated that any
flowcharts, flow diagrams, state transition diagrams, pseudo-
code, and the like represent various processes that may be
substantially represented in non-transitory computer-read-
able media and so executed by a computer or processor,
whether or not such computer or processor is explicitly
shown.

[0155] The functions of the various elements shown in the
figures, including any functional block labeled as a “pro-
cessor”, may be provided through the use of dedicated
hardware as well as hardware capable of executing software
in association with appropriate software. When provided by
a processor, the functions may be provided by a single
dedicated processor, by a single shared processor, or by a
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plurality of individual processors, some of which may be
shared. In some embodiments of the present technology, the
processor may be a general-purpose processor, such as a
central processing unit (CPU) or a processor dedicated to a
specific purpose, such as a digital signal processor (DSP).
Moreover, explicit use of the term a “processor” should not
be construed to refer exclusively to hardware capable of
executing software, and may implicitly include, without
limitation, application specific integrated circuit (ASIC),
field programmable gate array (FPGA), read-only memory
(ROM) for storing software, random access memory
(RAM), and non-volatile storage. Other hardware, conven-
tional and/or custom, may also be included.

[0156] Software modules, or simply modules which are
implied to be software, may be represented herein as any
combination of flowchart elements or other elements indi-
cating performance of process operations and/or textual
description. Such modules may be executed by hardware
that is expressly or implicitly shown. Moreover, it should be
understood that module may include for example, but with-
out being limitative, computer program logic, computer
program instructions, software, stack, firmware, hardware
circuitry or a combination thereof which provides the
required capabilities.

[0157] In an aspect of the present technology, the innova-
tion described in U.S. Pat. No. 8,628,198 is enhanced with
new features and capabilities, including for example and
without limitation the capability to provide sound, WiFi
connections, and Bluetooth connections in a digital data
stream contained in a light pixel, or image pixel. The present
technology also presents improvements such as a brighter
and more efficient use of light emission, comprising for
example and without limitation infrared (IR) emission, a
production friendly lighting system, and an improved pixel
pattern. A two-dimensional (2D) array of pixels, for example
and without limitation a rectangular pixel matrix, contains a
digital data stream in transmitted image pixel. The 2D array
of pixels may have any size from a single pixel to an array
of pixels having ‘m’ rows and ‘n’ columns, in which values
for ‘m’ and for ‘n” have no a priori limitation.

[0158] In the context of the present technology, each light
pixel or image pixel may be sized according to a conven-
tional definition of the term “pixel”. Alternatively, each light
pixel or image pixel may cover a broader area of a scene on
which it is projected. In a non-limiting example, a size of the
light pixels in the 2D array of pixels may be selected so that
each pixel will reach a distinct member of the audience. In
another non-limiting example, the size of the light pixels in
the 2D array of pixels may be selected so that each pixel will
reach a small group of members of the audience.

[0159] In some embodiments of the present technology, a
light pixel may carry a digital data stream and, as a result,
the term “pixel” may be interpreted in a manner that departs
from its conventional definition.

[0160] In another aspect of the present technology, the
array of pixels is made both more efficient in brightness, and
is more precisely located through a more precise boundary
definition for each element of the 2D array of pixels. The
optional use of a varifocal or “zoom” (parfocal) type pro-
jector lens may provide additional versatility in the deploy-
ment of the lighting system. The transmitted data may for
example be expanded to contain sound data in addition to the
previous multicolor lights. In an embodiment, receivers
worn by members of an audience in a target space may be
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equipped with sound output devices, such as audio speakers
and/or earphone jacks, and with volume controls. Option-
ally, WiFi, Bluetooth, and other supplementary connection
technologies may be used to enhance the overall perfor-
mance capabilities of the lighting system. Several new
embodiments of projectors and receivers having improved
performance are described herein.

[0161] The location and size of each light element, also
called image pixel or simply pixel, of the 2D array of pixels
may be planned and determined before the actual emission
of digital data streams. Consequently, the transmitted data
may be used by each receiver to locate its own position
within an illumination pattern formed by the 2D array of
pixels. As such, the receiver “knows” its position within the
2D array of pixels, thus knowing its physical location as
well. The receiver may make use of its precise location data,
for navigation, mapping, movement logging, and so forth, in
a variety of user software applications. Also, by including a
“where are you” flag in the transmitted pixel, the receiver
may ping back its location, or use that location data for other
uses such as for communication or video games. If the
lighting system is deployed upon a playing field, such as in
a laser tag studio, any number of new features becomes
available to the game programmer.

[0162] The transmitted data may also contain sound data,
so that each pixel of the 2D array of pixels may carry its own
sound channel. In this manner, every pixel in the 2D array
of pixels may form a separate sound channel. In a non-
limiting example, a 128x256 matrix may be equivalent to a
32,768-channel surround sound system. The surround sound
effect of an entire orchestra may thus be formed such that
each instrument appears to be located at its correct spatial
location. Each member of the audience may thus hear the
sound as if they were actual performers in the orchestra.
[0163] Some non-limiting examples presented hereinbe-
low will specifically refer to the use of IR light. IR being
invisible, it becomes possible to transmit digital data streams
without altering the visual perception of the audience. How-
ever, the present technology is not so limited and transmit-
ting digital data streams in pixels containing visible light is
also contemplated.

[0164] With these fundamentals in place, we will now
consider some non-limiting examples to illustrate various
implementations of aspects of the present technology.
[0165] FIG. 1 shows an IR light emitting diode (LED)
matrix being part of a lighting system. The IR LED matrix
is usable to project an image onto an audience. FIG. 2 shows
a pulsed IR projected image displayed on an audience of
people wearing reactive circuits. FIG. 1 modifies a technique
introduced in U.S. Pat. No. 8,628,198, to reflect the new
innovations of the present technology. FIG. 1 shows an array
of IR LEDs 12, the LEDs 12 being mounted on a flat printed
circuit board (PCB) 11. The LEDs 12 project their IR
emissions using a projector lens 13, which may be a vari-
focal length or a “zoom” lens having zoom and focusing
capabilities. Use of a conventional lens without zoom capa-
bilities is also contemplated. The use of the projector lens 13
with zoom and focusing capabilities allows the distance of
the projector lens 13 to be a fixed distance from a plane of
focus 15 of the projector lens 13 at the front of the array of
LEDs 12. This allows the projector to have a fixed configu-
ration while adjusting variously sized targets and distances.
Thus, a projected image 14, aimed at target receivers, such
as members of an audience in stadium stands, as shown on
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FIG. 2, may be adjusted for size and placement as desired,
without modifications to the projector design and construc-
tion.

[0166] FIG. 2 shows three projected pixels 23, which are
pixels 23 of an overall IR image 20 being projected into
space. Only three pixels 23 are shown, out of an entire
matrix that may contain hundreds of pixels 23, in order to
simplify the illustration. The pixels 23 are illustrated show-
ing a typical size (noting that the image is not to scale). By
comparing the pixels 23 and other pixels 25, the effect of
“zooming” the projector lens can 13 (FIG. 1) change the
sizes of the “pixels”, from the size of the pixels 23, to the
size of the pixels 25, by adjusting the projector lens 13 to a
longer “zoomed” focal length. Although FIG. 2 is not to
scale, the drawing illustrates typical differences in sizes
between the pixels 23 and the pixels 25. This gives an
operator of the lighting system a flexibility to select pixel
sizes and locations, for example by defining wider or nar-
rower field of coverage than in previous technologies. Mem-
bers of the audience are wearing receivers 21 that decode the
IR data transmission of their particular pixel 23, 25. In an
aspect of the present technology, each receiver 21 in the area
of'a particular pixel 23, 25 may receive a unique data stream,
specific to that particular pixel location. Thus each audience
member may receive a unique data stream defined by their
unique location. Some of the pixel locations may have more
than one audience member; alternatively a given location
may be empty. The sizes and shapes of the pixels 23, 25
projected upon the stadium stands may be designed and
determined by choice of projector lens design and setting,
and by the number and spacing of the LEDs 12 within the
projector. The larger the number of pixels 23, 25 in the
matrix, the larger the coverage area can be for the same pixel
spacing. Alternatively or in addition, a large number of
pixels 23, 25 may provide a high resolution in the pixel
distribution for the same total area of coverage. In an
embodiment, a traditional lens without “zoom” capability
may be used, if the lens is properly selected for the appro-
priate size, resolution and distance placement of the projec-
tor.

[0167] As the lens 13 is “zoomed” or adjusted in focal
length, the image size and placement of the pixels 23
changes to reach the size and placement of the pixels 25.
Evidently, the light emitted from the projector is IR, which
is invisible to humans. Embodiments of the present tech-
nology allow an operator or installer of the lighting system
to preview the actual placement and size of the pixels.

[0168] In one embodiment shown on FIG. 1, the projector
may be equipped with an easily swapped PCB 11. The PCB
11 may be temporarily swapped with a PCB emitting visible
light, for example red light. In the resultant image being
projected upon the audience, the pixels 23 and 25 are visible
to the operator or installer, who can then adjust settings of
the projector lens 13 and adjust the projector placement for
a desired result and effect. Since the pixels 23 and 25 may
have empty spaces between them, a method of obtaining
coverage in these in-between areas is to slightly de-focus the
projector lens 13, resulting in the pixels 23, 25 forming
blurred circles that overlap each other. By swapping a LED
PCB 11 with a visible light LED PCB, or by enabling the
visible light on a multi color LED, the expected IR illumi-
nation may be previewed by the operator or installer.
Although there may be a slight focus shift in lenses, between
IR and red light, due to optical properties, these effects are
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usually less than 1% of the focal length. Optionally, the
manufacturer of the projector lens 13 may mark this slight
focusing change on a focusing ring of the projector lens 13.
The operator or installer may configure the lighting system
with the red light in view of obtained the desired effects.
Otherwise stated, the operator or installer may configure the
projector by using the visible red light, then install the PCB
11 with the LEDs 12 that emit IR light, then adjusting the
focus as specified by the manufacturer of the projector lens
13. When a chromatically corrected true zoom lens is used,
the effective focal length and other adjustments are not
affected by focusing shift between red and IR light. Conse-
quently, the focusing distance is also unchanged when
changing the focal length of a chromatically corrected true
zoom lens.

[0169] Inanother embodiment, multicolor LEDs 12, being
for example adapted for emitting red and IR light, can be
used on the PCB 11. The red color of the LED may be
activated for previewing the image and, later, the IR image
may be activated when the lighting system is in actual
operation.

[0170] FIG. 1 illustrates an embodiment in which the
projector lens 13 is more or less directly centrally located in
view of the PCB 11. Other configurations may be contem-
plated. To this end, FIG. 3A shows a layout of pin insertions
on PCBs when LEDs with solder leads are used to orient
light beams emitted by the LEDs. FIG. 3B shows an
expanded view of the PCB layout of FIG. 3A. On FIG. 3A,
a PCB 31 is populated by a matrix 33 of 2-pin LEDs 35, the
center of the PCB 31 being indicated by a marker 37. In a
non-limiting embodiment, the matrix 33 is a rectangular
matrix. [t may be noted that this marker 37 may not actually
appear on the PCB 31, as it is used herein only to denote the
center position on the PCB 11 for illustration purposes. The
matrix 33 of FIG. 3A is an 8x10 matrix for illustration
purposes. In a particular embodiment, the matrix 33 may be
much larger than this, being for example a 128 by 256
matrix. FIG. 3A therefore only has a small number of
individual LEDs 35, whereas in the 128 by 256 example,
32,768 LEDs 35 would correspond to 32,768 individual
pixels.

[0171] In a non-limiting embodiment, the LEDs 35 may
be supplied in the form of a lead packaging, for example
T-1%4 packages 41 or a similar package. In that format, each
LED 35 includes two pins (also called wire leads). FIG. 4
illustrates LED pins 42 being bent to angles to allow light
beams emitted by the LEDs 35 a projector lens 47. The T-13%4
LED packages 41 have small lenses 43 at the top of the
LEDs 35. The two pins 42 of the T 134 packages 41 may
easily be bent in an axis 39 (FIG. 3B) of the PCB 31,
perpendicular to a pair of leads 36 (FIG. 3B). A PCB 49 is
assembled with the LED packages 41, which are raised up
and not flush to the PCB 49, in order that the pins 42 can be
bent. Bending the pins 42 of the LED packages 41 towards
the center of the projector lens 47 allows the maximum
illumination of the projector lens 47, by any particular LED
35, as this places a central beam 45 of the LED 35 to fall
upon the center of the projector lens 47. It may be observed
that the further the distance of a given LED package 41 from
a center line of the PCB 49, the greater the bended angle of
the pins 42, as seen by comparing the various row of LEDs
packages 41 on FIG. 4. Since the LEDs packages 41 are bent
towards a center line, directly pointing towards the projector
lens 47, the contacts on the PCB 49 are configured to be at
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90 degrees from the bending direction. FIG. 3A shows the
PCB 31, with the matrix 33 of LEDs 35, the contacts for the
2-pin LEDs 35.

[0172] LEDs packages 41 that are equidistant from the
center 37 form a circle having a particular radius and their
leads 36 are bent at substantially equal angles, with respec-
tive orientations allowing their central light beams 45 to
reach the center of the projector lens 47.

[0173] Hence, by providing a bend or tilt of the pins 42,
the center of the LED beam’s emission is directed at the
center of the projector lens 47, where the center of the LED
beam is the maximum intensity of the beam spread. This
provides the maximum transmission of LED illumination to
the target, for this embodiment of the PCB. LED beams have
a fairly narrow beam, down to +/-15 degrees (arrows 44)
from center (arrow 45), +/-7.5 degrees (arrows 46) from
center (arrow 45). However, as can be seen on FIG. 4, a
significant portion of the light beams from the LEDs 35 fail
to reach projector lens 47. This leads to a significant loss of
lighting efficiency. Also, installers of the lighting system
may find cumbersome to bend the pins 42 of the T-13% LED
packages.

[0174] In another embodiment, FIG. 5 shows a LED
spread captured and directed to a lens. This embodiment
uses surface mount LEDs 53, which are mounted on the
surface of a PCB 51. The surface mount LEDs 53 have a
wider beam spread 55 when compared to the LEDs packages
41. The surface mount LED packages cannot be “bent”
towards a projector lens 59, as were the T-134 packaging of
FIG. 4. Therefore, an optical plastic or glass cover forming
an optical sheet 54 is provided in order to efficiently capture
most of the light energy radiated by each surface mounted
LED 53. In an embodiment of the present technology, an
optical Fresnel lens and prism combination 56 includes a
positive focus (+ diopters) lens and a prism, to both focus
and redirect the light radiation 57 towards the projector lens
59. It may be noted that each one of the surface mount LEDs
53 may have a corresponding area of the plastic/glass
capture sheet so that each surface mounted LED 53 may
have a corresponding capture area in the Fresnel lens and
prism combinations 56. Each of the Fresnel lens and prism
combinations 56 may have specific optical properties due to
the specific distance and angle of each surface mount LED
53 relative to the projector lens 59. In a non-limiting
embodiment, the Fresnel lens and prism combinations 56
may be constructed in the form of a sheet, for example a
plastic sheet or a sheet made of a similar optical material,
using an automated process similar to processes used in lens
crafting for eyeglasses. Alternatively, the Fresnel lens and
prism combinations 56 may be constructed using numeric
controlled machining or 3D printing.

[0175] FIG. 6 shows how optical lenses concentrate light
from LEDs toward a projector lens. FIG. 6 illustrates optical
properties of individual shaped optical lenses 66, which
altogether form an optical sheet 62. The optical sheet 62 may
for example be constructed as a lens board made of plastic.
Surface mounted LEDs 64, mounted on a PCB 61, radiate
their energy in a cone shaped light radiation pattern 65,
toward the shaped optical lenses 66, shown on FIG. 6 and,
similarly, on FIG. 5. The optical properties of the shaped
optical lenses 66 allow to focus as much as possible of the
light radiation pattern 65 onto the projector lens 68, as
shown with arrows 67 on FIG. 6. It may be noted that there
is a spacing between the PCB 61, and the optical sheet 62.
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This spacing allows adjusting the proper focusing distance
for the shaped optical lenses 66 while also providing an air
space for cooling the surface mounted LEDs 64. Of course,
since each surface mounted LED 64 is at a different distance
and angle from the projector lens 68, each of the shaped
optical lenses 66, may be designed to provide a unique
focusing distance and a corresponding prism orientation to
provide the correct bending angle of the light.

[0176] FIG. 7 illustrates various angles and distances for
each of a plurality of LEDs. As can be seen on FIG. 7, the
LEDs 74 on the PCB 72 radiate their light beams directly
forward, i.e. perpendicularly from the PCB 72. A lens is
provided in front of each LED 74 in order to focus their light
beams into a spot converging on a projector lens 78. A
resulting angle of deflection 71 may be different for each
location, the angle being also rotated at a different horizontal
and vertical axes relative to the PCB 72. Three parameters
are thus accommodated for each LED 74, including a
distance from the projector lens 78, a deflection angle 71,
and a rotation of the deflection angle. The LEDs 74 that are
closer to corners of the PCB 72 at larger deflection angles
than those closer to the center of the PCB 72. The LEDs 74
with the larger deflection angles are also at longer distances
to the projector lens 78. In an embodiment, the lenses
mounted on the most distant LEDs 74 may have a longer
focusing distance to bring the light beams 76 of those LEDs
74 into focus at the projector lens 78. Since the distance and
angle of deflection 71 from the projector lens 78 may differ
for each LED 74, each lens may have a different magnifi-
cation power and a different deflection angle. Depending on
the position of a given LED 74, the angle of deflection may
be in both axes of the PCB 72, so that the light beam from
a LED 74 positioned in a corner of the PCB 72 may be
deflected both vertically (up/down) as well as horizontally
(left/right) at the same time. For example, the orientation of
the deflection may be rotated by 45 degrees when a LED 74
is positioned on a corner of a square PCB.

[0177] FIGS. 8A and 8B show how the lens/prism com-
bination of FIG. 7 may be simplified for ease of manufac-
turing. The combinations shown on FIGS. 8A and 8B show
how deflection and focusing may be accomplished using
Fresnel lenses and a prism.

[0178] Considering FIG. 8A, radiation from a LED 81
should ideally be captured by a lens/prism combination 84
that, without any deflection, would come to focus at a
projector lens located in an ideal position 82 directly in line
with the LED 81. When “in focus”, an image of the
illuminated junction of the LED 81 is projected onto the
surface of the projector lens located in the ideal position 82.
This captures the maximum amount of light from the LED
81 and delivers it to the projector lens located in the ideal
position 82. However, an angle of deflection is usually
implemented because the LED 81 may not directly be in line
with a real position 83 of the projector lens. In fact, in a 2D
array of LEDs 81, at most one centrally positioned LED 81
could occupy this central sweet spot in front of the ideal
position 82 of the projector lens. In practice, for an even
number of rows or columns in the 2D matrix, no LED 81
might be located in that sweet spot. Therefore, a prism 89 is
included in the lens/prism combination 84. This prism 89
deflects the light beam from the LED 81, in this case
downwards, towards the real position 83 of the projector
lens, which is in an offset location relative to the ideal
position 82 of the projector lens. The light beam is now
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travelling the hypotenuse of a triangle formed by the prism
89 and the ideal and real positions of the projector lens. A
distance from the lens/prism combination 84 to the real
position 83 of the projector lens is longer than a distance
than from the lens/prism combination 84 to the ideal posi-
tion 82 of the projector lens. Consequently, the lens/prism
combination 84 may be designed to have this longer focus-
ing distance.

[0179] It may be noted that the LED 81 may transmit data
in the form of pixel carrying a digital data stream within a
pixel. The light beam from the LED 81 may actually be an
IR light beam that does not carry an image pixel. Therefore,
any astigmatic or other optical distortions or loss of resolu-
tion that might be caused by the lens/prism combination 84
would have no consequence.

[0180] The lens and prism may be combined in a single
piece in order to facilitate their installation. On FIG. 8B, the
lens/prism combination 84 of FIG. 8A has been optically
modified into an equivalent lens/prism combination 85. On
FIG. 8B, a front surface of the lens/prism combination 85
may be formed to be twice as strong as each single side of
the lens/prism combination 84 of FIG. 8A, to compensate
for the flat side (flat having zero optical strength) of the lens
in the lens/prism combination 85. Also, the prism 89 of the
lens/prism combination 84 has been replaced by the prism in
the lens/prism combination 85, which has a steeper angle on
the rear of the prism, to compensate for the first surface
angle on the prism of the lens/prism combination 84. In an
embodiment, the lens/prism combination 85 may thus have
the same basic resultant strength as the design of the
lens/prism combination 84.

[0181] The lens prism/combination 85 may introduce
some added distortion to the light beam, due to its more
radical optical angles. Regardless, as previously stated, these
distortions do not affect the transmission of the digital data
stream. It may also be noted that the change from the
lens/prism combination 84 into the lens prism combination
85 can be made less radical in shape by using a plastic of
higher refractive index (values of over 1.8 are available,
whereas normal glass is around 1.3). An optical plastic sheet
with the individual lens/prism combination 85 may be used,
where each LED 81 may have its own specified lens power,
prism power, and prism orientation built into the sheet.

[0182] In an embodiment where the LED 81 spacing is
close, each lens/prism combination 85 may be made using a
reasonably thin optical plastic. With high refractive index
plastic, the optical plastic sheet may be produced using
standard numerically controlled (NC) machining.

[0183] In another embodiment where the spacing between
the LEDs 81 of the 2D matrix is larger, a larger diameter of
lens/prism 85 may be used. A Fresnel lens 86 and a Fresnel
prism 87 may be implemented, at the front and back surfaces
of an optical plate 88 respectively, to form the equivalent of
a Fresnel lens/prism combination. This Fresnel lens/prism
combination may be made part of the optical sheet 62 (FIG.
6) and of the optical sheet 54 (FIG. 5). By using the Fresnel
technology, a larger diameter lens/prism may be made while
keeping the optical sheet reasonably thin. The angle of the
Fresnel prism 87 may rotated at any angle towards the center
of'a projector lens. The focusing strength of the Fresnel Lens
86 may be designed to compensate for the calculated dis-
tance from the LED 81 to the real position 83 of the projector
lens (FIG. 8A).
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[0184] FIGS. 9A and 9B illustrate two different patterns of
a pulsed IR image projected onto an audience of people
wearing reactive circuits according to another embodiment.
FIG. 9A shows a pattern projected upon the audience in the
embodiment described on FIG. 2, which shows the pixels 23
and 25. Projected pixels 91, eight of which are shown with
typical sizes for illustration purposes, have spaces 92
between them. The IR signal is weaker in the spaces 92 than
within the main beam or center of the pixels 91. The IR
signal quality depends on the light scattering within the
lighting system. De-focusing of the projector lens may have
purposely created a blurred image, allowing at least some IR
signal reception in the spaces 92. Poor reception in the
spaces 92 is not sharply defined. When moving from the
coverage of one pixel 91 to another, reception transition is
gradual and not sharply defined. As each pixel 91 may carry
a different digital data stream, a noisy and ambiguous signal
may be detected in the spaces 92.

[0185] FIG. 9B shows pixels 94 that are formed according
to an ideal pixel pattern. The rectangular shapes fit together
from one pixel to the next without noise, scatter, or other
poor signal problems. There are no weak reception areas
between the pixels 94, and the rectangular shapes fit together
tightly between any two adjacent pixels 94. It is contem-
plated that pixels having triangular, square or hexagonal
shapes may also be produced, as it is possible to configure
such pixels so that they fit together with no overlap and
without leaving any gap therebetween. The examples pre-
sented herein, which show rectangular pixels, are for illus-
tration purposes and should not be construed as limiting the
generality of the present disclosure.

[0186] FIG. 10 illustrates a technique for projection of
rectangular pixels. FIG. 10 shows a focusing plane 1012 of
a rectangular 2D matrix pattern 1008 being projected upon
the audience. The rectangular 2D matrix pattern 1008 is an
embodiment of the ideal pattern of the pixels 94 of FIG. 9B.
To produce a sharp, well defined image at the level of the
audience, the rectangular pattern created at the focusing
plane 1012 of a projector lens 1010 is made by adjusting the
projector lens 1010 to focus the focusing plane 1012 onto a
plane of the rectangular 2D matrix pattern 1008. By creating
such a pattern, a typical pixel 1003, rectangular in shape, is
projected as a rectangular pixel 1005 at the level of the
audience, thus achieving the desired projection pattern of the
pixels 94 of FIG. 9B. It may be noted that there is no space
between the projected pixels, as the rectangular pixels touch
each other flat side to flat side. As a result, there is no area
of poor signal reception between the pixels. When a member
of'the audience moves from a first pixel to a second, adjacent
pixel, there is a sharp transition between the digital data
stream received in the first pixel and the digital data stream
received in the second pixel, with no or very limited
ambiguity between the received data streams.

[0187] FIG. 11 illustrates a pixel shaper assembly. FIG. 12
describes operation details of the pixel shaper assembly of
FIG. 11. FIG. 11 shows the method used to shape the
rectangular pixels. A pixel shaper assembly 1101, which
may for example be formed of a metallic structure, is placed
above the LEDs of a transmitting LED PCB 1105. The pixel
shaper assembly 1101 shapes the light from each pixel into
arectangular shape. An expanded view of one element of the
pixel shaper assembly 1101, is shown on FIG. 12. It may be
noted that there is a corresponding shaper piece 1107
dedicated to each individual LED on the PCB 1105, being
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placed in a central relation thereto. FIG. 11 shows that the
pixel shaper assembly 1101 may be made of metallic parts
that “point” towards a projector lens 1109. Since the front
opening of the pixel shaper assembly 1001 is purposely flat
and rectangular, it forms the desired rectangular pixel shape
and becomes the plane of focus 1114 to be projected toward
the audience. The projector lens 1109 is focused to produce
a sharp rectangular image, at a focusing distance 1112, upon
the audience, as per the pixels 94 of FIG. 9B.

[0188] In alternative embodiments, each individual shaper
piece 1107 may have a triangular, square, or hexagonal
shape, the pixel shaper assembly 1101 being used to shape
the light from each pixel into a corresponding shape.

[0189] FIG. 12 details the illumination of one shaper
element 1203 of the pixel shaper assembly, which is adapted
to shape a single pixel. Each LED 1201 on a PCB has its
own corresponding shaper element 1203, which may have a
rectangular shape in a non-limiting embodiment. Because
the shaper element 1203 is oriented towards a projector lens
1211, and because the shaper element 1203 is rectangular, it
forms the desired shape of the projected rectangular pixel, as
in the case of the pixels 1003 and 1005 shown on FIG. 10.
The rectangle may be viewed by the projector lens 1211 as
being “filled” with light in order for each projected pixel to
be filled with data coverage, the entirety of the projected
image also being filled with data coverage. The inside of the
shaper element 1203 is fully illuminated with light, as seen
from any angle in the direction towards the projector lens
1211, in order to fill the rectangular pixel with light. The
shaper element 1203 may be located anywhere on the 2D
matrix of LEDs and may therefore be at various angles from
the center line, as expressed in the description of FIG. 4. On
FIG. 12, the spread of the light beam from the LED 1201 is
shown entering a shaper cage of the shaper element 1203
through a cut-out in a reflector plate 1202. A part of the light
beam that is most perpendicular to the LED 1201, shown as
a direct light ray 1207, finds its way directly to the projector
lens 1211. However, significant parts of the light beam are
radiated at various angles. Hence, some light rays 1206
impinge on internal sides of the shaper cage. Internal walls
1205 of the shaper cage are coated with a textured reflective
surface, for example a textured metallic surface, that reflects
but also spreads most of the light of the light rays 1206.
Alternatively, the entire shaper cage may be made of a
reflective metallic material. The front surface of the reflector
plate 1202, other than the above-mentioned cut-out, is also
coated with the reflective surface. Thus, the light rays 1206
bounce around within the shaper cage until resulting rays
1208 find their way out of the front exit of the shaper
element 1203 and reach the projector lens 1211. Since the
inside of the walls 1205 of the shaper element 1203 and the
front of the reflector plate 1202 have reflective textured
surfaces, the projector lens 1211 sees the inside of the shaper
element 1203 as being fully illuminated. It may be noted that
the bouncing of the light within the shaper element 1203 has
no significant impact on the digital data stream: for example,
the length of the shaper element 1203 may be about 2
centimeters, so 10 reflections would only cause a delay of 20
cm, or less than 0.7 nanoseconds at the speed of light.

[0190] From the point of view of the projector lens 1211,
the inside surfaces of the shaper element 1203 are fully
illuminated by the LED emissions and are fully visible.
Thus, the projected image, including the pixels 94 (FIG. 9B)
and the rectangular pixels 1005 (FIG. 10), is fully illumi-
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nated by the IR light. Because the focus of the projector lens
1109 (FIG. 11) is set to the front edge of the pixel shaper
assembly 1101 that forms the plane of focus 1114, sharp
rectangular pixels are projected.

[0191] Some portion of the light emitted by the shaper
elements 1203 may not reach the projector lens 1211.
Misdirected light rays 1213 are at a sharper angle and will
not reach the projector lens 1211. The light rays 1213 may
be absorbed by shades 1209 and 1210, or hoods, made of
light absorbing material positive around the pixel shaper
assembly 1101. As a result, the misdirected light rays 1213
are prevented from bouncing around the inside of the
projector housing and are prevented from causing optical
“flare or “noise” in the desired signal, which might other-
wise lower the signal to noise (S/N) ratio of the digital data
stream.

[0192] The efficiency of the pixel shaper assembly 1101
described in relation to FIGS. 11 and 12 may be improved
by the use of a “faster” i.e. lower f/stop projector lens.
[0193] FIG. 13 illustrates a light absorbing hood 1307
positioned between a PCB 1312 and a projector lens 1304.
On FIG. 13, a reflector plate 1308 and a pixel shaper
assembly 1301 are slightly separated from the PCB 1312.
This leaves an air gap 1305, for the cooling of LEDs 1303
and other components mounted on the PCB 1312. A plane of
focus 1311, in front of the pixel shaper assembly 1301, is at
a focusing distance 1315 from the projector lens 1304.
Cut-outs (not shown) on the reflector plate 1308 as well as
the separation distance of the air gap 1305, are all calculated
and shaped to allow nearly all the light to enter the shaper
element 1203 (FIG. 12) and the pixel shaper assembly 1301.
That is, the beam spread of each LED 1303 is used to
determine the size of the cut-out in the reflector plate 1308,
for the required air gap 1305, as per the LED manufacturer’s
specifications regarding the beam spread.

[0194] The projector lens 1304 “sees” the inside edges of
shaper elements in the pixel shaper assembly 1301, so the
projected rectangle is filled to the edges with light radiation.
Thus, no significant portion of the projected rectangular
pixels is left without coverage. It may be noted that the
projector lens 1304 may be focused at the front edge of the
pixel shaper assembly 1301, in order to project rectangular
pixels with substantially complete and non-overlapping cov-
erage upon the receivers in the audience.

[0195] FIG. 14 illustrates a simple Fresnel lens. FIG. 14
shows a simple method to increase the LED illumination at
the projector lens without having to bend the leads of T-13%4
LEDs. The same technique may also be used along with
surface mounted LEDs. A large Fresnel lens 1413, which
may be made of plastic, is placed in front of LEDs 1401
mounted on a PCB 1415. The focal length of the Fresnel lens
1413 is chosen to be equal to the distance from this Fresnel
lens 1413 to a first surface of a projector lens 1411. Some
light beams 1403 that are coming straight out from the LEDs
1401 are focused by the Fresnel lens 1413 onto the lens
surface of the projector lens 1411. Other light beams that
deviate at small angles from this perpendicularity, are redi-
rected by the Fresnel lens 1413 and also reach the projector
lens 1411, depending on its diameter. Still other light beams
1405 further out from the center miss the projector lens 1411
and do not contribute to the transmitting digital data streams.
The light beams 1405 are lost and may be absorbed by a
shade similar to the light absorbing hood 1307 (FIG. 13).
The embodiment of FIG. 14 may for example be used where
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a simple low-cost method of improving performance is
desired, when using surface mounted LEDs or when it is
desired not to bend the leads of T-1% LEDs.

[0196] FIG. 15 shows a packaging for a typical receiver
for the lighting system. A receiver 1501 is packaged for
wearing on the wrist of a member of the audience. Other
embodiments may include, without limitation, packages
adapted to be worn as necklaces, clip-on items, hats, and the
like. FIG. 15 shows how the receiver 1501 may be controlled
using one or more switches, for example an ON/OFF switch
1519 and a function selection switch 1521. An optical
receiver 1505 receives the pixel 1005 (FIG. 10) defining a
data “channel” for its location in the rectangular 2D matrix
pattern 1008. Each rectangular pixel of the 2D Matrix is
effectively a distinct communication download channel spe-
cifically for the display location of the pixel. The clearly
marked rectangular boundaries of the rectangular 2D matrix
pattern 1008 of FIG. 10, and of the pixels 94 of FIG. 9B,
allow the pixels or channels to be separated and isolated
from the adjacent and other pixels or channels. Thus, there
is effectively the same number of distinct channels as there
are pixels. For a 128x256-pixel matrix, 32768 distinct
channels are thus defined. The actual pixel or channel which
is received depends on the physical location of the receiver
1501 within the pixel matrix. In the example of FIG. 10, the
channel being communicated is the rectangular pixel 1005
within the rectangular 2D matrix pattern 1008. All other
rectangles within the rectangular 2D matrix pattern 1008
have their own unique communication channels, because the
LEDs 12 (FIG. 1) that create the digital data streams of the
rectangular 2D matrix pattern 1008 are all individually
controlled and encoded. The data streamed in the IR digital
data signal from the projector lens 1010, may consist of any
kind of data. For example, color and intensity data for a LED
display 1503, or sound, outputted onto a speaker 1511 or
onto an earphone jack 1513, the speaker 1511 and the
earphone jack 1513 being operatively connected to volume
controls 1515. Also, since each channel or pixel of the pixel
matrix is separate and unique, the data could include the
actual position of the data. For example, on FIG. 10, a
receiver 1501 within the rectangular pixel 1005 would
receive “002,002”, meaning that the user is in the second
row, second column of the 2D matrix pattern 1008. Other
messages and data may be sent simultaneously, allowing a
large variety of video games which would take advantage of
this feature. This is especially true since the receiver 1501
may be provided with both WiFi capabilities 1507 and
Bluetooth capabilities 1509. The digital data stream being
received over an optical signal, it may have extremely high
data rates.

[0197] The present technology provides the speaker 1511
with an immensely complex surround sound capability.
While, for example, Dolby 6 defines 6 channels, a 128x256-
pixel matrix may support 32768 channels; larger matrices
may actually be defined. An entire symphonic orchestra may
be reproduced, instrument by instrument, using this sur-
round sound feature.

[0198] There is no limitation to the forms of sound and
light effects that may be carried out. Moving from one pixel
area to another means the wearer of the receiver 1501 may
automatically start receiving the data for the newly occupied
pixel. Since each receiver 1501 is aware of its location
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within the pixel matrix, all manners of games and video
games, such as extensive laser tag type games, may be
created using this feature.

[0199] The receiver 1501 may log in real time its move-
ments within the pixel matrix in an internal memory. Other
uses of the present technology may be contemplated, for
example by covering the floor of a trade show with a pixel
matrix to allow visitors to be tracked, data mine their
interests, and provide audio information to the visitors as
they move from one exhibit to another. The WiFi and
Bluetooth capabilities of the receiver 1501 may enable all
manners of applications, for example localized interactions
for visitors in an exhibit hall.

[0200] FIG. 16 shows a simplified block diagram of the
receiver of FIG. 15 according to an embodiment. A device
1601 that combines a central processing unit (CPU) and a
memory device is central to the operation of the receiver
150, and controls the other functions of the embodiment,
except for a power on/off circuitry 1623, which is manually
accessed by the user via the ON/OFF switch 1519. The
device 1601 is operatively connected, directly or indirectly,
to tricolor LEDs 1609, to a WiFi receiver 1603, to a
Bluetooth receiver 1605, to LED drivers 1607, to a speaker
and/or an earphone 1613, to sound drivers with digital to
analog (D/A) conversion 1611, to one or more optical
receiver element 1615, to an optical signal amplifier 1617, to
an analog to digital (A/D) converter 1619, to other electronic
devices 1625, to a battery and/or other power source 1621,
to volume switches 1629, to an input/output (I/O) interface
1627, and to other function switches 1631. Various embodi-
ments of the receiver may comprise all or various subsets of
this list of components.

[0201] FIGS. 17A and 17B show two variants of a reflec-
tor plate design for a pixel shaper. FIGS. 17A and 17B shows
the detail of two methods of providing reflection from the
back of a shaper unit. On FIG. 17A, a reflector plate 1703
(only a small section is shown on FIG. 17A), which has a
non-reflective back 1711, is the reflector plate 1202 (FIG.
12). A LED 1709 is mounted on a PCB 1701 (only a small
section of the PCB 1701 is shown on FIG. 17A). A cut-out
1705 in the reflector plate 1703 is larger than a radiation
surface of the LED 1709 in order to allow most of the light
1713 emitted by the LED 1709 to pass through unobstructed
and to spread at a fairly wide angle. Light reflecting back-
wards from the textured walls 1205 of the shaper element
1203 (FIG. 12), would reflect once more off reflective areas
1707 of the reflector plate 1703, and be sent forwards
towards the projector lens (not shown on FIG. 17A). The
shown section of the reflector plate 1703 is for the radiation
surface of one LED 1709. For the entire matrix of LEDs
1709, there is a large reflector plate 1703 with dedicated
cut-outs 1705 for each corresponding LED 1709. FIG. 17B
shows an alternative to the reflector sheet of FIG. 17A.
Textured reflective paint 1725 is applied to the areas of a
PCB 1721 (only a small section is shown), around each LED
1723. This has the effect of providing reflection at the back
of the shaper assembly, without requiring a reflector plate. It
should be noted that this technique might cause some optical
noise, as some of the energy of the reflections off the paint
could cross over to the adjacent shaper element 1203. The
choice using the configuration of FIG. 17A or 17B may
depend upon the specification requirement for any specific
application.
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[0202] FIG. 18 shows an embodiment using a pixel shaper
assembly combined with a Fresnel lens. This embodiment
combines some of the features of FIGS. 13 and 14. The
performance of a pixel shaper assembly 1801, which forms
substantially ideal rectangular pixel shapes, is improved by
the addition of a Fresnel lens 1819, which provides a
brighter, more powerful signal by the concentration of
shaped beams that converge towards a projector lens 1809.
It may be noted that a focusing plane 1811, at a focusing
distance 1815 of the projector lens 1809, is moved to the
front of the Fresnel lens 1819. The Fresnel lens 1819 is
positioned directly in front of the 2D pixel array and has the
correct optical power useful to concentrate the optical signal
outputs of the pixel shaper assembly 1801, these optical
signal outputs being directed toward the projector lens 1809
[0203] As in the case of FIG. 13, FIG. 18 shows an air gap
1805 for cooling of LEDS 1803 mounted on a PCB 1812 and
a light absorbing hood 1807 positioned between the PCB
1812 and the projector lens 1309. An optional reflector plate
1808 may be mounted on the pixel shaper assembly 1801.
[0204] FIG. 19 is a sequence diagram showing operations
of' a method for transmitting control instructions to a plu-
rality of receivers 1501. On FIG. 19, a sequence 2000
comprises a plurality of operations, some of which may be
performed in a different order, some of which may be
optional. At operation 2010 a plurality of light sources, for
example the LEDs 1201 or 1303, are modulated to generate
a plurality of corresponding light beams, each light source
being modulated with a corresponding digital data stream
for inducing corresponding control instructions in the cor-
responding light beam. Each of the plurality of light beams
is applied to a corresponding pixel shaper element (e.g.
1203) of the pixel shaper assembly 1101 or 1301 at operation
2020 to produce a plurality of light pixels (e.g. 94), each
light pixel carrying the control instructions of the corre-
sponding light beam, each light pixel having a perimeter
defined by the corresponding pixel shaper element 1203, the
pixel shaper assembly combining the plurality of light pixels
into an image without significant overlap and without sig-
nificant voids between the light pixels. At operation 2030,
the light pixels are directed toward a projector lens (e.g.
1109, 1211), the projector lens transmitting the plurality of
light pixels toward the plurality of receivers 1501.

[0205] While the above-described implementations have
been described and shown with reference to particular
operations performed in a particular order, it will be under-
stood that at least some of these operations may be com-
bined, sub-divided, or re-ordered without departing from the
teachings of the present technology. At least some of the
operations may be executed in parallel or in series. Accord-
ingly, the disclosed order and grouping of the operations is
not a limitation of the present technology.

[0206] It should be expressly understood that not all
technical effects mentioned herein need to be enjoyed in
each and every embodiment of the present technology.
[0207] Modifications and improvements to the above-
described implementations of the present technology may
become apparent to those skilled in the art. The foregoing
description is intended to be exemplary rather than limiting.
The scope of the present technology is therefore intended to
be limited solely by the scope of the appended claims.

What is claimed is:

1. A method for transmitting control instructions to a
plurality of receivers, the method comprising:
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modulating a plurality of light sources to generate a
plurality of corresponding light beams, each light
source being modulated with a corresponding digital
data stream for inducing corresponding control instruc-
tions in the corresponding light beam;

applying each of the plurality of light beams to a corre-
sponding pixel shaper element of a pixel shaper assem-
bly to produce a plurality of light pixels, each light
pixel carrying the control instructions of the corre-
sponding light beam, each light pixel having a perim-
eter defined by the corresponding pixel shaper element,
the pixel shaper assembly combining the plurality of
light pixels into an image without significant overlap
and without significant voids between the light pixels;
and

the plurality of light pixels being directed toward a
projector lens, the projector lens transmitting the plu-
rality of light pixels toward the plurality of receivers.

2. The method of claim 1, wherein:

the light sources form a first two-dimensional (2D) array;

the plurality of light beams form a second 2D array; and

the plurality of image pixels form a third 2D array.

3. The method of claim 2, wherein each of the first, second
and third 2D arrays forms a respective rectangular matrix.

4. The method of claim 1, wherein each light source is an
infrared light source.

5. The method of claim 4, further comprising:

replacing each of the plurality of infrared light sources
with a temporary light source operable to emit visible
light;

causing the temporary light sources to emit a plurality of
visible light pixels to allow previewing a visible image
formed combining the plurality of visible light pixels;
and

after the previewing the visible image, restoring the
plurality of infrared light sources.

6. The method of claim 1, wherein each light source is
operable to emit visible light and infrared light, the method
further comprising causing the plurality of light sources to
emit a plurality of visible light pixels to allow previewing a
visible image formed combining the plurality of visible light
pixels.

7. The method of claim 1, wherein each light source is a
light emitting diode (LED).

8. The method of claim 1, wherein each light pixel is
directed toward one or more receivers.

9. The method of claim 8, wherein at least one of the one
or more receivers is a movable receiver adapted to move
between reception areas of distinct light pixels.

10. The method of claim 9, wherein at the least one of the
one or more receivers is operable to interpret positional
information received in the distinct light pixels.

11. The method of claim 8, wherein at least one of the one
or more receivers includes a user operable switch configured
to allow selection of one of a plurality of supported func-
tions.

12. The method of claim 8, wherein the control instruc-
tions transmitted in each light pixel are configured to con-
trol, in each of the one or more receivers, a function selected
from operating a lighting element, operating a sound ele-
ment, operating a Bluetooth communication unit, operating
a WiFi communication unit, and a combination thereof.
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13. A receiver adapted to receive a light pixel carrying
control instructions transmitted using the method of claim 1,
the receiver comprising:

a power source;

an optical receiver receiving power from the power source

and being adapted to detect the light pixel; and

a controller receiving power from the power source and

being operatively connected to the optical receiver, the

controller being configured to:

decode the control instructions received in the detected
light pixel, and

use the control instructions to control a function of the
receiver selected from operating a lighting element,
operating a sound element, operating a Bluetooth
communication unit, operating a WiFi communica-
tion unit, and a combination thereof.

14. The receiver of claim 13, wherein the power source
comprises a battery.
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15. The receiver of claim 13, wherein the sound element
comprises a speaker.

16. The receiver of claim 13, wherein the sound element
comprises an electrical jack output.

17. The receiver of claim 13, wherein the receiver is fitted
with one or more attachments to allow attaching the receiver
to a body part or to a piece of clothing of a wearer.

18. The receiver of claim 13, wherein the controller
comprises a processor and a non-transitory storage medium
containing instructions that, when executed by the proces-
sor, allow the controller to interpret and use the control
instructions.

19. The receiver of claim 13, further comprising at least
one user controllable switch or button allowing a user to
select one of a range of functions related to the control
instructions.



