TITLE

INFRARED AUDIO SYSTEMSAND RELATED METHODS

TECHNICAL FIELD
[0001] This disclosure relates generally to infrared aggigiems for transmitting audio

signals and to methods of making and using infrareio systems.

BACKGROUND

[0002] Infrared audio systems are commonly used to trdreamdio signals in environments
in which radio frequency signals are impracticahotr desired. The audio is modulated (e.g., FM
modulation) for transmission, and the modulatedaligs transmitted using one or more infrared
light emitting diodes (LEDs) (also referred to her@s “LED emitters”). The LED emitters emit a
modulated infrared light (hereinafter “IR light?) & remote receiver that converts (e.g.,
demodulates) the IR light back into an audio sigmal eventually back to reproducing the sound
which is heard by a listener.

[0003] The LED emitters are typically low power, and amgof the LED emitters is
typically required to provide enough IR light ftvetinfrared audio system to work in a large area
(e.g., conference room, auditorium, concert halidoor venues, etc.). Conventional systems use
LEDs that have a directional lens formed over ibdes of the LED emitters to focus the IR light
in one general direction and to increase the péagr amount and intensity of the light) emitted in
that direction. A typical viewing angle of transsi@ €.g., emitted light) from a single LED
emitter used in such a conventional system is ab@uo 20° off center. Conventional systems use
an array of these LED emitters that each haverawarattern (of IR light) such that the combined
effect provides enough IR light for a receiver éoused at a practical distance from the LED
emitters in many environments. A narrow patteroanventional systems may work well for long
and narrow rooms, but if a room is rectangulampiase, the coverage aresg(, area throughout
which the infrared audio system emits IR light)ypded by the infrared audio system on lateral
sides of the room is poor in that there may be ddemes” in which the IR signal may not be strong

enough to produce the required signal for the vecei



[0004] Wider viewing angles of transmission are availditden some LED emitter
manufactures. However, due to the spreading dRHight over a wider area, the number of LED
emitters required to cover an entire area of a@ypoom is, in many cases, cost prohibitive. For
example, a common approach used in the industiteémpt to increase the coverage area has been
to use multiple (identical) infrared audio systeand point the infrared audio systems in different
directions to get adequate coverage. This apptioaeithe potential to cause gaps in coverage due
to the IR light from the different the infrared amdystems arriving out of phase (e.g., having
latencies) with respect to each other and cangethint the signal in certain locations within the
room. Such cancelations may also cause dead zathés tlve room. In addition, requiring the user
to purchase a large number of conventional systgthsa coverage area having a single narrow
pattern may increase costs — particularly for lamgas. Other conventional approaches include
changing the direction that the individual LED dg1$ point when mounted on the circuit board of
the transmitting apparatus. In other words, ooegipoints straight forward, while other groups of
the array of LED emitters points outward at différangles in order to widen the combined
coverage area emitted from the IR transmitterealch group, however, the LED emitters are
identical in terms of their individual lenses amaitting characteristics. Mounting the LED emitters
in the array to point in different directions maldacost to the manufacturing process as well as

difficulty in precision when the mounting occurs.

BRIEF SUMMARY

[0005] In some embodiments, the present disclosure ingladeansmitter for
transmitting audio signals via infrared light. Thensmitter may include an enclosure, a mounting
board, a plurality of narrow angle LED emittersg @plurality of wide angle LED emitter. The
enclosure may have a top panel, a bottom paneinaganel, and a rear panel. The front panel and
rear panel may extend between the top panel arlubttem panel. The mounting board may be
disposed within the enclosure and proximate that fpanel of the enclosure. The plurality of
narrow angle LED emitters may be disposed on d fariace of the mounting board. The plurality
of wide angle LED emitters disposed on a frontasefof the mounting board.



[0006] In some embodiments, the present disclosure ingladénfrared audio system for
transmitting audio signals via infrared light. Tihtared audio system may include a transmitter
and at least one expansion transmitter. The tratesmmay include a first mounting board, a first
plurality of narrow angle LED emitters mountedhe first mounting board, and a first plurality of
wide angle LED emitters mounted to the first maugptboard. The at least one expansion
transmitter may be connected to the transmitteatieast one cable. The at least one expansion
transmitter may include a second mounting boasgcand plurality of narrow angle LED emitters
mounted to the second mounting board; and a sedorality of wide angle LED emitters mounted
to the second mounting board.

[0007] In some embodiments, the present disclosure ingladeethod of making a
transmitter for transmitting audio signals via aréd light. The method may include attaching a
plurality of narrow angle LED emitters to a mougtimoard of the transmitter, the plurality of
narrow angle LED emitters having a viewing angléhimithe range of 30° to 50°, and attaching a
plurality of wide angle LED emitter to the mountibgard of the transmitter, the plurality of wide

angle LED emitters having a viewing angle withia tange of 100° to 140°.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1is a front perspective view of a transmittean infrared audio system
according to an embodiment of the present disagsur

[0009] FIG. 2 is a top rear perspective view of the trattenof the infrared audio system
of FIG. 1;

[0010] FIG. 3is rear side view of a rear panel of thagnaitter of the infrared audio
system of FIG. 1,

[0011] FIG. 4 is a front perspective view of the transenitif an infrared audio system
with a front panel removed according to an embodtroéthe present disclosure;

[0012] FIG. 5is a schematic view of a beam of infrargttliemitted by an infrared audio
system according to an embodiment of the pressalodure;

[0013] FIG. 6 is a top rear perspective view of an exgansansmitter of an infrared
audio system according to an embodiment of theeptefisclosure;

[0014] FIG. 7 is a front perspective view of the expansiansmitter of the infrared audio

system of FIG. 6 with a front panel removed,
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[0015] FIG. 8is rear side view of a rear panel of theaggon transmitter of the infrared
audio system of FIG. 6;

[0016] FIG. 9 is a schematic view of an infrared audidesysaccording to another
embodiment of the present disclosure;

[0017] FIG. 10 is a schematic view of a beam of infrargldtlemitted by an infrared
audio system according to another embodiment gbteeent disclosure;

[0018] FIG. 11 is a schematic view of a beam of infrargldtlemitted by an infrared
audio system according to another embodiment gbteeent disclosure;

[0019] FIG. 12 is a schematic view of a beam of infrargldtlemitted by an infrared
audio system according to another embodiment gbteeent disclosure.

DETAILED DESCRIPTION

[0020] In the following detailed description, referenceniade to the accompanying
drawings which form a part hereof, and in whickhiswn by way of illustration specific
embodiments in which the disclosure may be prattiteese embodiments are described in
sufficient detail to enable those of ordinary skilthe art to practice the disclosure. It showdd b
understood, however, that the detailed descriti@hthe specific examples, while indicating
examples of embodiments of the disclosure, arendiyenay of illustration only and not by way of
limitation. From this disclosure, various subsigng, modifications, additions rearrangements, or
combinations thereof within the scope of the dsate may be made and will become apparent to
those of ordinary skill in the art.

[0021] In accordance with common practice the variousufeatillustrated in the
drawings may not be drawn to scale. The illustratipresented herein are not meant to be actual
views of any particular apparatwesy, device, system, etc.) or method, but are medelglized
representations that are employed to describeusaembodiments of the disclosure. Accordingly,
the dimensions of the various features may berarityt expanded or reduced for clarity. In
addition, some of the drawings may be simplifieddarity. Thus, the drawings may not depict all
of the components of a given apparatus or all dipesaof a particular method.

[0022] The various illustrative logical blocks, modulescuaits, and algorithm acts
described in connection with embodiments discldszdin may be implemented as electronic

hardware, computer software, or combinations di.bbo clearly illustrate this interchangeability
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of hardware and software, various illustrative cormgnts, blocks, modules, circuits, and acts are
described generally in terms of their functionalityhether such functionality is implemented as
hardware or software depends upon the particufarcagion and design constraints imposed on the
overall system. Skilled artisans may implementdiscribed functionality in varying ways for each
particular application, but such implementationisieas should not be interpreted as causing a
departure from the scope of the embodiments afideosure described herein.

[0023] A processor herein may be any processor, contratierocontroller, or state
machine suitable for carrying out processes oflibelosure. A processor may also be
implemented as a combination of computing devisesh as a combination of a DSP and a
microprocessor, a plurality of microprocessors, @ngore microprocessors in conjunction with a
DSP core, or any other such configuration.

[0024] As used herein, any relational term, such as ;fifsecond,” etc., is used for
clarity and convenience in understanding the d&ale® and accompanying drawings, and does
not connote or depend on any specific preferencedar, except where the context clearly
indicates otherwise. These designations may alssde herein as a convenient method of
distinguishing between two or more elements oamsts of an element. Thus, a reference to first
and second elements does not mean that only tweeats may be employed there or that the first
element must precede the second element in someemaiso, unless stated otherwise a set of
elements may comprise one or more elements.

[0025] As used herein, any relational term, such as ;fifsecond,” “over,” “beneath,”
“top,” “bottom,” “underlying,” “up,” “down,” etc.,is used for clarity and convenience in
understanding the disclosure and accompanying dgsyand does not connote or depend on
any specific preference, orientation, or order ggxavhere the context clearly indicates
otherwise. For example, these terms may refer ri@ntation of elements of the infrared audio
system relative to a surface of a table on whiehinfrared audio system may be positioned,
mounted, and/or operateeld., as illustrated in the figures).

[0026] As used herein, the terms “vertical” and “horizdhtaay refer to a drawing
figure as oriented on the drawing sheet, and an® iway limiting of orientation of an apparatus,
or any portion thereof, unless it is apparent ghparticular orientation of the apparatus is
necessary or desirable for operation in view of/igaéional forces . For example, when referring

to elements illustrated in the figures, the termvertical” or “horizontal” may refer to an
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orientation of elements of the infrared audio systelative to a table surface of a table to which
the infrared audio system may be mounted and agzbrat

[0027] Some embodiments of the present disclosure inendefrared audio system for
providing audio signals in environments where rdidiquencies may be impractical or not desired.
The infrared audio system may include a transnettefigured to emit a beam of infrared light
having a wide portion proximate the transmitter amérrow portion distal to the transmitter and
extending from the wide portion of the beam ofanéd light. The wide portion of the beam of
infrared light may provide coverage in wide envir@nts. The transmitter may include a plurality
of narrow angle LED emitters and a plurality of evighgle LED emitters. Some embodiments of
the present disclosure include an infrared auditegy having a transmitter and an expansion
transmitter. The expansion transmitter may be tsgether with the transmitter to increase a size of
the beam of infrared light emitted by the infragedlio system, and as a result, an amount of
coverage of an environment. The expansion traremmtay also include a plurality of narrow angle
LED emitters and a plurality of wide angle LED eenis.

[0028] FIG. 1 is a front perspective view of an infraredia system 100 having an
infrared (IR) transmitter 102 configured to geneatdio signals that are transmitted using IR light
FIG. 2 is a rear perspective view of the transmit@ of the infrared audio system 100 of FIG. 1.
Such a system 100 may be used in environments \wdigefrequencies are impractical and/or not
desired. For example, the IR transmitter 102 maydeel to provide audio signals in auditoriums,
gymnasiums, performance halls, conference roomgpcate boardrooms, courtrooms, training
rooms, classrooms, theaters, outdoor veraiesThe transmitter 102 may be configured to convert
audio signals to infrared light (hereinafter “IgHt") with the audio signals imbedded in the IRhtig
(e.g., FM modulated) and to transmit the IR light fpphcations in, for example, assistive listening,
audio description, or language interpretation. Mation may be performed using a processor
within the infrared audio system 100 configuredeeive the audio signals, mix audio signals, and
generate the outgoing signal that is transmittealtyh the IR emitters.

[0029] Receivers may be used in conjunction with the tratsr 102. The receivers may
detect and receive the IR light, convert the IRtligack into audio signals, and provide the audio
signal to a sound producing deviegy(, headphone), which may be used by a listener.

Demodulation may be performed by a processor imcatpd within the receiver.



[0030] Referring to FIGS. 1 and 2 together, the transmi® may include an enclosure
104 that includes a top panel 106, bottom panel ftG8t panel 110, and an opposite rear panel
112. The top panel 106 may be disposed above amdate to the bottom panel 108 and the front
and rear panels 110, 112 may extend between trentbpottom panels 106, 108. A first plurality
of vents 114 may extend through the top panel hdGaay facilitate dissipation of heat produced
by electrical components disposed within the enco404 of the transmitter 102. A second
plurality of vents 116 may extend through the butfmanel 108 and may further facilitate
dissipation of heat produced by the electrical comemits disposed within the enclosure 104 of the
transmitter 102.

[0031] The transmitter 102 may include at least one mogrtole 118 for mounting the
transmitter 102 within an environment wherein ta@smitter 102 is intended to provide an audio
signal to receivers. In some embodiments, thernates 102 may include at least one mounting
hole 118 in one or more of the top panel 106 aadtitom panel 108 of the enclosure 104.

[0032] FIG. 3is arear view of the infrared audio sysfél of FIG. 1. In particular, the
rear panel 112 of the enclosure 104 of the tratsnii02 is shown in further detail. The rear panel
112 may serve to provide electrical and audio coimres between the transmitter 102 and the other
devices. In some embodiments, the rear panel 1{2rnolaide a power input connector 120, a
safety/security cable slot 122, a power switch d2durality of channel audio connections 126, at
least one expansion link output 128, a pluralitgrefen LED power indicators 130, and a plurality
of amber LED status indicators 132.

[0033] Each of the plurality of channel audio connectid®6 includes a microphone
input 134, an RCA input 136, a line input 138,\&lecontrol 140, a level indicator 142, a frequency
selector 144, and a transmission on/off switch T#4@. variety of available audio inputs may allow
the transmitter 102 to be a more universal deviaedan be used with a variety of audio signal
providing devices. The power input connector 12§ bwconnected to a power supply.

[0034] The power switch 124 may include a three positwitch that is located
proximate the power input connector 120. The pametch 124 may include a top position, a
middle position, and a bottom position. When thegoswitch 124 is in the top position, the
transmitter 102 may be powered on and the greenpdsizer indicators 130 may be actieg(, lit)
indicating that the transmitter 102 is poweredasngdiscussed in further detail below. When the

power switch 124 is in the middle position, thesmaitter 102 may also be powered on but the
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green LED power indicators 130 may be not activeelthe power switch 124 is in the lower
position, the transmitter 102 may be powered afff thie green LED power indicators 130 may be
not active.

[0035] Each microphone input 134 of the plurality of chelraudio connections 126 may
include a 3.5 mm tip sleeve condenser. Each RC#ét ibp6 of the plurality of channel audio
connections 126 may include two connectors. Theeitiput 138 of each of the plurality of channel
audio connections 126 may include a three pin Rkagoe connection. Each level control 140 of
the plurality of channel audio connections 126 inayotatable in a clockwise direction to increase
an audio level emitted by the transmitter 102 awal ¢ounter clockwise direction to decrease the
audio level emitted by the transmitter 102. As Usaein, the terms “audio level” may refer a
power and intensity of the IR light produced by ttamsmitter 102. As a result, the terms “audio
level” may also refer a size of an area througlduth the transmitter 102 emits the IR light. For
example, when the audio level of the transmitt& i$Oncreased, the size of an area throughout
which the transmitter 102 produces the IR light hayncreased. Each level indicator 142 of the
plurality of channel audio connections 126 mayudela red LED and green LED located
proximate the level control 140 of the pluralityabfannel audio connections 126. In some
embodiments, the red LED and green LED may be tasdédtermine the proper audio level
adjustment.

[0036] Each frequency selector 144 of the plurality ofroted audio connections 126 may
allow a user to select a carrier frequency at whithR light may be transmitted for a respective
audio source that is connected to a respectivenehandio connection 126 of the transmitter 102.
As an example, each frequency selector 144 maydech four position rotary selection switch.
Each position of the four positions of the rotaglestion switch may be associated with a particular
frequency. For example, a first position of therfpaositions is set to transmit an IR light at 2.3
MHz, a second position of the four positions istegtansmit an IR light at 2.8MHz, a third positio
of the four positions is set to transmit an IR ligh3.3 MHz, and a fourth position of the four
positions is set to transmit an IR light at 3.8MBi%.course, it is contemplated that any number of
different positions and corresponding frequenciayg be used.

[0037] Each transmission on/off switch 146 of the pluyadit channel audio connections
126 has an “up” position and a “down” position. Whke transmission on/off switch 146 is in the

“up” position, the IR light of the respective chahaudio connection 126 may be actieg).( being
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transmitted). When the transmission on/off switdb & in the “down” position, the IR of the
respective channel audio connection 126 is noteig., not being transmitted). In some
embodiments, the transmitter 102 may transmitdRt lat least two different channels
simultaneously. For example, the transmitter 102 hasve a single channel transmit mode and a
double channel transmit mode. In the single chamae$mit mode, the transmitter 102 may
transmit an audio signal on a single channel Enly one channel active). In the double channel
transmit mode, the transmitter 102 may transmisadudio signal on a first channel and a second
audio signal on a second chanmn&l (two channels active). For example, each chaauuib
connection 126 of the plurality of channel audiar@ections 126 may have an audio source
connected to the channel audio connection 126thenttansmitter 102 may transmit an IR light
associated with each audio source connected toathemitter 102. In some embodiments, the
transmitter 102 may transmit an IR light for twéfetient audio sources on two different channels

[0038] The at least one expansion link output 128 maymaeable 148¢(g., as one
option a Category 5 Enhanced cable (“CAT-5e caldedther suitable cable) and may allow the
transmitter 102 to ade:.g., be connected to) expansion radiators/transmitiet can increase an
area covered by the transmitter 182).( can increase an area throughout which the trigiesh02
transmits the IR light), as discussed in furtheaitlen regard to FIGS. 6-8. In some embodiments,
the transmitter 102 may include at least two exiparigk outputs 128.

[0039] The plurality of green LED power indicators 130 niagicate whether the
transmitter 102 is powered on. The plurality of @ambED status indicators 132 may indicate
whether an audio source is connected to the tréesrh02 or if there is a problem with LED
emitters 152, 154 located proximate the front patélof the transmitter 102 (discussed in further
detail in regard to FIG. 4). Furthermore, whengheality of amber LED status indicators 132 are
solid e.g., continuously illuminated), it may be an indicatithat an audio source is connected to
the transmitter 102 and that the transmitter 1@2tively transmitting an IR light associated with
the audio source.

[0040] FIG. 4 is a front view of the transmitter 102 o ihfrared audio system 100 with
the front panel 110 (FIG. 1) of the enclosure ¥Maved to better shown internal components of
the transmitter 102. The transmitter 102 may inelasnounting board 150, a plurality of narrow
angle LED emitters 152, and a plurality of widelarig=D emitters 154. The plurality of narrow
angle LED emitters 152 and the plurality of widglerLED emitters 154 may be mounted on a
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front surface 156 of the mounting board 150 ofttaesmitter 102. In some embodiments, the
mounting board 150 may be a circuit board of targmitter 102. In some embodiments, the
mounting board 150 may include a plate specifiaddigicated for having the plurality of narrow
angle LED emitters 152 and the plurality of widglerLED emitters 154 mounted to the mounting
board 150.

[0041] Each narrow angle LED angle emitter 152 of thegbityrof narrow angle LED
emitters 152 may have a narrow viewing angle. Aslidrerein the terms “viewing angle” may refer
a maximum angle at which IR light emitted by on¢hef LED emitters 152, 154 can be viewed
(e.g., viewed with a device capable of viewing IR lighthe viewing angle may extend angularly to
both sides of a center axis of the viewing anghe Genter axis of the viewing angle may extend
directly in front of a respective LED emitter. Fotample, the center axis of the viewing angle may
be normal to the mounting board 150 when the LERtenis mounted to the mounting board 150.
In some embodiments, the narrow viewing angle ofi@arrow angle LED emitter 152 of the
plurality of narrow angle LED emitters 152 may extengularly at least some angle to both sides
of the center axis of the narrow viewing angle oéspective narrow angle LED emitter 152. In
some embodiments, the narrow viewing angle mayithenia range of 5° to 35°. In other
embodiments, the angle may be within a range ofd35°. In other embodiments, the narrow
viewing angle may be at least about 20°. In othande, in some embodiments, the narrow viewing
angle of each narrow angle LED emitter 152 of tluegtity of narrow angle LED emitters 152 may
be at least about 40°.

[0042] Each wide angle LED emitter 154 of the pluralitywfle angle LED emitters 154
may have a wide viewing angle. In some embodim#msyide viewing angle of each wide angle
LED emitter 154 of the plurality of wide angle LEEmitters 154 may extend angularly at least
some angle to both sides of a center axis of tde wiewing angle of a respective wide angle LED
emitter 154. In some embodiments, the wide viewingle may be within a range of 45° to 75°. In
other embodiments, the wide viewing angle may kkima range of 50° to 70°. In other
embodiments, the wide viewing angle may be at kastit 60°. In other words, in some
embodiments, the wide viewing angle of each widgeabED emitter 154 of the plurality of wide
angle LED emitters 154 may be at least about 120°.

[0043] In some embodiments, each narrow angle LED endif2rof the plurality of

narrow angle LED emitters 152 may include a ler&fbtmed over a diode of the narrow angle
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LED emitter 152 and configured to focus the IR figh some embodiments, a sizg(, size of
angle) of the narrow viewing angle of each narragl@ LED emitter 152 of the plurality of narrow
angle LED emitters 152 may be determined by a saageomposition of a respective lens 158.

[0044] In some embodiments, each wide angle LED emittérai5he plurality of wide
angle LED emitters 154 may not include such a 1@ Not having a lens 158, may allow each
wide angle LED emitter 154 of the plurality of widegle LED emitters 154 to have a wide viewing
angle. In other embodiments, each wide angle LERt&m 54 of the plurality of wide angle LED
emitters 154 may include a lens 158 sized and shaperovide a wide viewing angle for each
wide angle LED emitter 154 of the plurality of widegle LED emitters 154.

[0045] In some embodiments, the transmitter 102 may ircludombination of different
groups of both wide angle and narrow angle LED tensit For example, the transmitter 102 may
include a first group of narrow angle LED emitteesing a viewing angle of 20° and a second
group of narrow angle LED emitters having a viewamgle of 40°. The transmitter 102 may
further include a first group of wide angle LED ¢wris having a viewing angle of 50° and a
second group of narrow angle LED emitters havimgwaing angle of 75°. Other angles and
combinations of groups are also contemplated.

[0046] In some embodiments, the plurality of narrow and® emitters 152 may be
oriented on the mounting board 150 in a lineariasHn other words, the plurality of narrow angle
LED emitters 152 may be oriented next to each otharine. In some embodiments, the plurality
of narrow angle LED emitters 152 may include asiéao groups of narrow angle LED emitters
152 oriented on the mounting board 150 in a lif@stnion. A first group of the at least two groups
of narrow angle LED emitters 152 may be located dirst side of a central lateral axis of the
mounting board 150, and a second group of theaat tevo groups of narrow angle LED emitters
152 may be located on a second opposite side ctttiteal lateral axis of the mounting board 150.

[0047] In some embodiments, the plurality of wide angl®Lémitters 154 may be
oriented on the mounting board 150 in a lineariasHhn other words, the plurality of wide angle
LED emitters 154 may be oriented next to each atharine.

[0048] In some embodiments, the plurality of narrow and® emitters 152 may be
oriented above the plurality of wide angle LED d¢eng 154 relative to a surfaceq, a surface of a
table) on which the transmitter 102 may be platether embodiments, the plurality of narrow

angle LED emitters 152 may be oriented along athagis collinear with a line along which the
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plurality of wide angle LED emitters 154 is oriethtén other words, the plurality of narrow angle
LED emitters 152 may be interspersed among thalgiof wide angle LED emitters 154. In
other embodiments, the plurality of narrow angléLé&mitters 152 may be oriented below the
plurality of wide angle LED emitters 154 relatived surface on which the transmitter 102 may be
place. Although specific orientations of the plityabf narrow angle LED emitters 152 and the
plurality of wide angle LED emitters 154 are ddsed herein, the plurality of narrow angle LED
emitters 152 and the plurality of wide angle LEDittgns 154 may be oriented in any orientation.
For example, the one or more of the plurality afoa angle LED emitters 152 and the plurality of
wide angle LED emitters 154 may be oriented inanmore of a circular, rectangular, triangular,
etc. fashion.

[0049] In some embodiments, the plurality of narrow and® emitters 152 and the
plurality of wide angle LED emitters 154 may faneaidirection that is normal to the front surface
156 of the mounting board 150. As used herein,E&D emitter may “face” in a direction that is
collinear with a center axis of a viewing angldghed LED emitter. In other words, in some
embodiments, the plurality of narrow angle LED ¢en#t 152 and the plurality of wide angle LED
emitters 154 may not face in a direction that defian acute angle with the front surface 156 of the
mounting board 150. In other embodiments, at aste of the plurality of narrow angle LED
emitters 152 and the plurality of wide angle LEDté&gns 154 may face in a direction that defines
an acute angle with the front surface 156 of thamting board 150.

[0050] FIG. 5 shows a schematic representation of a bé#flight 160 emitted by the
transmitter 102 (FIG. 4). Referring to FIGS. 4 &ngether, IR light emitted by the plurality of
narrow angle LED emitters 152 may merge with IRtligmitted by the plurality of wide angle
LED emitters 154 to form the beam of IR light 1&0e beam of IR light 16@(@., footprint of the
IR light) may have a general gourd shape havingla portion 162 and a narrow portion 164. The
wide portion 162 of the beam of IR light 160 maynbest proximate the transmitter 102, and the
narrow portion 164 of the beam of IR light 160 nhaydistal to the transmitter 102 and may extend
from the wide portion 162 in a direction paralle tenter axes of the viewing angles of the LED
emitters 152, 154 and away from the transmitter 102

[0051] As discussed previously, the transmitter 102 mas lzasingle channel transmit
mode and a double channel transmit mode. In sorbe@ments, when the transmitter 102 is

transmitting in a single channel transmit made, (one channel active), a maximum longitudinal
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length of the beam of IR light 166.9., length in a direction parallel the center axethe viewing
angles of the LED emitters 152, 154) may be at kdasut 298 ft. (about 90 m). Furthermore, a
maximum width of the beam of IR light 160 may bed®d within the wide portion 162 of the
beam of IR light 160 and may be at least aboutf2Z8bout 66 m). In some embodiments, the
maximum width of the wide portion 162 of the bedniFolight 160 may occur about 90 ft. (about
27 m) away from the transmitter 102 in a direcpanallel the center axes of the viewing angles of
the LED emitters 152, 154. The narrow portion 16the beam of IR light 160 may have
maximum width of at least about 100 ft. (about 30 m

[0052] When the transmitter 102 is transmitting in a dewdblannel transmit modes(,
two channels active), the maximum longitudinal tengf the beam of IR light 160 may be at least
about 210 ft. (about 64 m). Furthermore, the marimuidth of the beam of IR light 160 may be at
least about 160 ft. (about 48 m). In some embodisnéme maximum width of the wide portion 162
of the beam of IR light 160 may occur about 6@aihout 18 m) away from the transmitter 102 in a
direction parallel the center axes of the viewinglas of the LED emitters 152, 154. The narrow
portion 164 of the beam of IR light 160 may haveximaim width of at least about 60 ft. (about 20
m).

[0053] The footprint of IR light 160 produced by the conddion of the IR light emitted
by the plurality of wide angle LED emitters 154 dhd IR light emitted by the plurality of narrow
angle LED emitters 152 may transmitter 102 may idesignificantly wider coverage proximate
the transmitter 102 when compared with known iefilaransmitters. Thus, the transmitter 102 of
the present disclosure may provide advantagesotier known transmitters because the
transmitter 102 may provide adequate coverageteralssides of rectangular or square rooets,(
wide rooms). Furthermore, the transmitter 102 neaglile to provide adequate coverage in wide
rooms without needing a cost prohibitive numbetBD emitters. Thus, the transmitter 102 may be
able to provide better coverage for a cheaper ptamucost in comparison to know transmitters.
As a result, the transmitter 102 may require alesgsmber of LED emitters in order to cover given
area in comparison to known transmitters. Moredwehaving all of the LED emitters 152, 154 of
the transmitter 102 face the same direction, probleith the IR light arriving to receiving out of
phase (e.g., with latencies) may be reduced.

[0054] Additionally, mounting LED emitters 152, 154 at tecangles relative to

mounting boards can be complex and costly. Thesrédmsmitter 102 of the current disclosure may
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provide a more affordable solution to providing iaugignals to wide environments than known
transmitters. Moreover, having a large number dDldmitters on a mounting board 150 can
require a large power supply. For example, in scases, a voltage drop across each LED emitter
of about two volts can be experienced. In otheda/ahe larger number of LED emitters that is
required, the larger a starting voltage of the paupply is required. Accordingly, by lowering a
number of LED emitters 152, 154 required to prowadeerage through a given environment, less
power may be required to power the infrared aughbtesn 100. Requiring less power may result in
cost savings when using the infrared audio syst@®nricomparison to using other known
transmitters.

[0055] FIG. 6 is a rear perspective view of an expansimsimitter 166 of the infrared
audio system 100 that may be connected to themiities 102 (FIG. 1) via the at least one
expansion link output 128 (FIG. 1) of the transenit02 (FIG. 1). Referring to FIGS. 1 and 6
together, the expansion transmitter 166 may be inseghjunction with the transmitter 102 to
increase a size of the beam of IR light 160 (FIGarbduced by the infrared audio system 100.
Thus, the coverage of the infrared audio systemwiiffn an area can be increased by connecting
an expansion transmitter 166 to the transmitter T2 expansion transmitter 166 may have a
structure similar to the transmitter 102. For exknihe expansion transmitter 166 may include an
enclosure 168 similar to the enclosure 104 ofrdyesinitter 102.

[0056] FIG. 7 is a front perspective view of an expansiansmitter 166 with a front
panel of the enclosure 168 removed to better shio@mal components of the expansion
transmitter 166. Referring to FIGS. 1 and 7 togetieilar to the transmitter 102, the expansion
transmitter 166 may include a mounting board 1 fflugality of narrow angle LED emitters 172,
and a plurality of wide angle LED emitters 174. Theunting board 170, plurality of narrow angle
LED emitters 172, and plurality of wide angle LEDit#ters 174 of the expansion transmitter 166
may be similar to the same elements of the tratenii02 and may function in the same manner
discussed above in regard to the transmitter 102.

[0057] FIG. 8 is a front side view of a rear panel 17éefexpansion transmitter 166.
Referring to FIGS. 1 and 8 together, the rear paiittle expansion transmitter 166 may include at
least one expansion link input 178, at least opa®esion link output 180, a plurality of green LED
power indicators 182, and a plurality of amber L&Btus indicators 184, a first channel delay

compensator switch 186, and a second channel detagensator switch 188, an indicator lights
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on/off switch 190, and a safety/security cable $38%. The at least one expansion link input 178 of
the expansion transmitter 166 may accept a caldiéelgl, CAT-5e cable 148), which may in turn
be connected to an expansion link output 128 ofrdresmitter 102. The at least one expansion link
output 180 of the expansion transmitter 166 mayna#in additional expansion transmitter to be
connected to the expansion transmitter 166, wini¢hrn is connected to the transmitter 102, as
described in further detail in regard to FIG. 9

[0058] The first channel delay compensator switch 186ssutdnd channel delay
compensator switch 188 may be used to compensatdociesi(e., short periods of delay
between when an audio signal enters a system aad iwbBmerges) that may be present in audio
signals provided to the expansion transmitter I&b6farther expansion transmitters. Latencies
in the audio signals may be present due to anakaligital conversion, buffering, digital signal
processing, transmission time, digital-to-analogvession, speed of sound in air, etc. For example,
latencies in the audio signals provided to the agmm transmitter 166 may be due to a length of
a cable 148 between the transmitter 102 and thanskpn transmitter 166. Each of the first
channel delay compensator switch 186 and the seduarthel delay compensator switch 188
may include a four-position switch, and the fousition switch may be positioned based on a
length of the cable 148 between the transmitterak@the expansion transmitter 166.

[0059] FIG. 9 shows an infrared audio system 100 havimgresmitter 102 connected to
multiple expansion transmitters. In some embodigjghe transmitter 102 may be directly
connected to a first expansion transmitter 166aaasetond expansion transmitter 166b via cables
148 e.g., CAT-5e cables) that are inserted into the exparisk outputs 128 of the transmitter 102
and into the expansion link input 178 of the fespansion transmitter 166a and the expansion link
input 178 of the second expansion transmitter 1B6kome embodiments, the first expansion
transmitter 166a may be directly connected tord #npansion transmitter 166c¢ via a cable 148
that is inserted into the expansion link output @Bthe first expansion transmitter 166a and ihto t
expansion link input 178 of the third expansiomsraitter 166¢. Furthermore, the second
expansion transmitter 166b may be directly conmeite fourth expansion transmitter 166d via a
cable 148 that is inserted into the expansiondimiput 180 of the second expansion transmitter
166b and into the expansion link input 178 of theth expansion transmitter 166d.

[0060] Thus, the transmitter 102 may be connected to pheikixpansion transmitters in a

daisy chain fashiori.e. connected together in series). In some embodsntmd transmitter 102
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may be connected to up to four additional expansarsmitters 166(g., two expansion
transmitters per expansion link output 128 of thagmitter 102). In other embodiments, the
transmitter 102 may be connected to up to six mddit expansion transmitters 166y, three
expansion transmitters per expansion link outp8tdfzhe transmitter 102).

[0061] FIG. 10 shows a schematic representation of a leédrlight 260 emitted by an
infrared audio system 100 (FIG. 1) when a tranemit02 (FIG. 1) and an expansion transmitter
166 (FIG. 7) are used together. Referring to FIGS, and 10 together, IR light from the
transmitter 102 and IR light emitted by the expamsransmitter 166 may merge to form the beam
of IR light 260 emitted by the infrared audio syst200. The beam of IR light 260 shown in FIG.
10 may be emitted when the transmitter 102 andresipia transmitter 166 are facing in the same
direction €.g., the center axes of the viewing angles of the lgftitters 152, 154 of the transmitter
102 and the center axes of the viewing anglessof BED emitters 172, 174 of the expansion
transmitter 166 are extending in the same direcad when the IR light emitted by the transmitter
102 and the IR light emitted by the expansion tratier 166 are originating from at least
substantially the same place. For example, thensipatransmitter 166 may be placed on top of or
directly adjacent to the transmitter 102.

[0062] When the transmitter 102 and the expansion tratesmiié6 are used together, a
size of the beam of IR light 260 emitted by thearéd audio system 100 may be at least about 40%
larger than a beam of IR light 260 emitted by draned audio system 100 just including the
transmitter 102. For example, when the transnii®@and expansion transmitter 166 are
transmitting in a single channel transmit made, (one channel active), a maximum longitudinal
length of the beam of IR light 266.9., length in a direction parallel the center axethe viewing
angles of the LED emitters 152, 154, 172, 174 efttansmitter 102 and expansion transmitter 166)
may be at least about 418 ft. (about 127 m). Furtbee, a maximum width of the beam of IR light
260 may be located within the wide portion 162heflbeam of IR light 260 and may be at least
about 316 ft. (about 98 m). In some embodimengsptaximum width of the narrow portion 164 of
the beam of IR light 260 may occur about 120 fio(& 37 m) away from the transmitter 102 in a
direction parallel the center axes of the viewinglas of the LED emitters 152, 154. The narrow
portion 164 of the beam of IR light 260 may haveximaim width of at least about 140 ft. (about
40 m).
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[0063] FIG. 11 shows a schematic representation of anbtan of IR light 360 emitted
by a transmitter 102 (FIG. 1) and an expansiorstratter 166 (FIG. 7) when the transmitter 102
(FIG. 1) and expansion transmitter 166 (FIG. 7)umed together. Referring to FIGS. 1, 7, and 11
together, the beam of IR light 360 may be emittéémthe transmitter 102 and expansion
transmitter 166 are facing in the same directidrabel spaced laterally from one another by a
distance. For example, the beam of IR light 16@whio FIG. 10 may be emitted by a transmitter
102 and an expansion transmitter 166 that are aeoleirom each other laterally by at least about
twenty-four feet. Although a specific distance éscribed, the transmitter 102 and expansion
transmitter 166 may be separated by any distandbid specific example, the beam of IR light 360
may have two narrow portions 364a, 364b and twe\pmttions 362a, 362b. In some
embodiments, the two wide portions 362a, 362b nigeat partially overlap with each other. In
some embodiments, the two narrow portions 364d) &y at least partially overlap with each
other.

[0064] FIG. 12 shows a schematic representation of anbtaen of IR light 160 460
emitted by a transmitter 102 (FIG. 1) and an expartsansmitter 166 (FIG. 7) when the
transmitter 102 (FIG. 1) and the expansion trarienlic6 (FIG. 7) are used together. Referring to
FIGS. 1, 7, and 12 together, the beam of IR ligitt hay be emitted when the transmitter 102 and
expansion transmitter 166 are facing in differeréadions but are located proximate to each other.
In other words, a beam of IR light 460a emittedhgy/transmitter 102 and a beam of IR light 460b
emitted by the expansion transmitter 166 (refetodterein together as beam of IR light 460) may
each originate from at least substantially the ssmog. In this specific example, the beam of IR
light 460 may have two narrow portions 464a, 464dbtavo wide portions 462a, 462b. In some
embodiments, the two wide portions 462a, 462b r#gast partially overlap with each other.

[0065] A direction in which the transmitter 102 is facimgy form an angle with a
direction in which the expansion transmitter 16&@ng. In other words, a longitudinal axis of a
beam of IR light 460a emitted by the transmitte? fitay form the angle with a longitudinal axis of
a beam of IR light 460b emitted by the expansiandmitter 166. In some embodiments, the angle
may be at least about 15°. In other embodimergsatigle may be at least about 30°. Although
specific angles are described herein, the anglebmany angle between 0° and 180°.

[0066] The embodiments of the disclosure described abodeéllastrated in the

accompanying drawings do not limit the scope ofdiselosure, which is encompassed by the
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scope of the appended claims and their legal etpitea Any equivalent embodiments are
within the scope of this disclosure. Indeed, vasimodifications of the disclosure, in addition to
those shown and described herein, such as altarsatel combinations of the elements
described, will become apparent to those skilletthéart from the description. Such
modifications and embodiments also fall within soepe of the appended claims and

equivalents.
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CLAIMS
What is claimed is:

1. A transmitter for transmitting audio signals wfared light, comprising:
an enclosure comprising:

a top panel;

a bottom panel; and

a front panel and a rear panel extending betwetop panel and the bottom panel;
a mounting board disposed within the enclosurepaoximate the front panel of the enclosure;
a plurality of narrow angle LED emitters disposedadront surface of the mounting board; and

a plurality of wide angle LED emitters disposedioa front surface of the mounting board.

2. The transmitter of claim 1, wherein each naraogle LED emitter of the plurality

of narrow angle LED emitters has a viewing anglhiwia range of 30° to 50°.

3. The transmitter of claim 1, wherein each widgl@ LED emitter of the plurality of

wide angle LED emitters has a viewing angle withimange of 100° to 140°.

4. The transmitter of claim 1, wherein each naraogle LED emitter of the plurality
of narrow angle LED emitters has a lens shapedanfigured to focus infrared light emitter by the

narrow angle LED emitter.

5. The transmitter of claim 1, wherein the pldyadif wide angle LED emitters

includes at least ten wide angle LED emitters.

6. The transmitter of claim 1, wherein the pldyadif narrow angle LED emitters

includes at least ten narrow angle LED emitters.

7. The transmitter of claim 1, further comprisaigeast one expansion output in the
rear panel of the enclosure of the transmitteaftarching at least one expansion transmitter to the

transmitter.
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8. The transmitter of claim 1, wherein the pldyadif narrow angle LED emitters and
the plurality of wide angle LED emitters are configd to emit a beam of infrared light having a
wide portion and narrow portion, the wide porti@iry proximate the plurality of narrow angle
LED emitters and the plurality of wide angle LEDigars and the narrow portion being distal to

the plurality of narrow angle LED emitters and fiherality of wide angle LED emitters.

9. The transmitter of claim 8, wherein the widetipo of the beam of infrared light

has a maximum width of at least about 220 feet.

10. The transmitter of claim 8, wherein the bedmfoared light emitted by the
plurality of narrow angle LED emitters and the plity of wide angle LED emitters has a
maximum longitudinal length extending from the glity of narrow angle LED emitters and the

plurality of wide angle LED emitters of at leasbab155 feet.

11. An infrared audio system for transmitting ausignals via infrared light,
comprising:
a transmitter, comprising:
a first mounting board;
a first plurality of narrow angle LED emitters maei to the first mounting board; and
a first plurality of wide angle LED emitters moudt® the first mounting board; and
at least one expansion transmitter connectecettrdnsmitter via at least one cable, comprising:
a second mounting board;
a second plurality of narrow angle LED emitters mted to the second mounting board,;
and

a second plurality of wide angle LED emitters mewinb the second mounting board.

12. The infrared audio system of claim 11, whetlegat least one expansion
transmitter comprises:
a first expansion transmitter connected to thestratter via a first cable; and

a second expansion transmitter connected to themigter via a second cable.
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13. The infrared audio system of claim 12, whetletat least one expansion
transmitter further comprises:
a third expansion transmitter connected to thedxpansion transmitter via a third cable;
and
a fourth expansion transmitter connected to therskexpansion transmitter via a fourth

cable.

14. The infrared audio system of claim 11, whetle@first plurality of narrow angle
LED emitters, the first plurality of wide angle LE®nitters, the second plurality of narrow angle
LED emitters, and the second plurality of wide anldED emitters are configured to emit a beam
of infrared light having a wide portion and narrpartion, the wide portion being proximate the
transmitter and the at least one expansion tratesraitd the narrow portion being distal to the

transmitter and the at least one expansion tratesmit

15. The transmitter of claim 14, wherein the widetipn of the beam of infrared light

has a maximum width of at least about 316 feet.

16. The transmitter of claim 14, wherein the be&imfeared light emitted by the
transmitter and the at least one expansion tratesrhis a maximum longitudinal length extending

from the transmitter and the at least one exparisamsmitter of at least about 415 feet.

17. The transmitter of claim 11, wherein the asti@me expansion transmitter is
connected to the transmitter with cable insertealam expansion link output of the transmitter and

an expansion link input of the at least one exmemsansmitter.

18. The transmitter of claim 11, wherein each nammagle LED emitter of the first
plurality of narrow angle LED emitters of the tremer and the second plurality of narrow angle
LED emitters has a viewing angle within a rang8@fto 50° and wherein each wide angle LED
emitter of the first plurality of narrow angle LE®nitters of the transmitter and the second plyralit

of wide angle LED emitters has a viewing angle initnrange of 100° to 140°.
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19. A method of making a transmitter for transmgtaudio signals via infrared light,

comprising:

attaching a plurality of narrow angle LED emitteys mounting board of the transmitter, the
plurality of narrow angle LED emitters having aalotiewing angle within a range of 30° to
50°; and

attaching a plurality of wide angle LED emittergie mounting board of the transmitter, the
plurality of wide angle LED emitters having a tot@wing angle within a range of 100° to
140°.

20. The method of claim 19, further comprising:

attaching the plurality of narrow angle LED emitéy the mounting board such that a center axis
of the viewing angle of each narrow angle LED esnitif the plurality of narrow angle LED
emitters is oriented at least substantially notimal surface of the mounting board to which
the plurality of narrow angle LED emitters are eltied; and

attaching the plurality of wide angle LED emittewshe mounting board such that a center axis of
the viewing angle of each wide angle LED emittethef plurality of wide angle LED
emitters is oriented at least substantially notim#the surface of the mounting board to

which the plurality of wide angle LED emitters atéached.
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