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sufficient to provide a frequency range down to a low frequency, such as about 125Hz. To deliver the power, the power distribution
architecture includes audio power amplifiers in the emitter housing of each loudspeaker. Raw power is delivered to each emitter unit
through a cable and connectors, such as an Ethernet cable and connectors, in the same cable with the sound masking and audio signals.

Inside the emitter units are electronics that efficiently convert the

raw power and low level signal to drive the loudspeaker directly. The

power comes from a typical desktop power supply, from which the power is combined with the sound masking and audio signals using
a power injector unit that distributes the combined power and signals to loudspeakers. The loudspeakers can connect to an individually

addressed sound masking network.
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SELF-POWERED LOUDSPEAKER FOR SOUND MASKING

RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.
62/339,417, filed on May 20, 2016, the entire teachings of which application are incorporated

herein by reference.

BACKGROUND

[0002] Previous direct field sound masking systems have used a single, often quite small,
controller to drive hundreds of loudspeaker emitters, which can cover thousands of square
feet with sound masking. Such systems can, for example, be of the type taught in U.S. Patent
No. 7,194,094 B2 of Horrall ef al., the teachings of which patent are incorporated by
reference in their entirety. The foregoing qualities of such systems are possible because of
the very low power needed for direct field sound masking as compared with the power and
costs of in-plenum systems. Such direct field sound masking systems can use readily
available cabling and a simple installation process.

[0003] Unfortunately, there are some situations in which such existing direct field
systems have drawbacks for achieving real paging capability, without using a duplicate sound
system. Also, because low frequency response is sacrificed for economy, size, and power, it
is sometimes not possible to extend the sound masking spectrum to low frequencies, such as
below about 250Hz.

[0004] Louder paging and lower frequencies require more power at each emitter, which is
not consistent with the architecture of existing direct field systems. Desired ideal paging
levels would require about 100 times the level achieved by existing systems, or 100 times the
power. This would require an entirely different system than existing direct field systems. The
power required in a central controller for these power levels would be hundreds of watts and

simply would not be an efficient or cost effective solution.

SUMMARY

[0005] In accordance with an embodiment of the invention, there is provided a sound
masking system that includes a self-amplified loudspeaker emitter unit, with a driver and
enlarged ported enclosure, sufficient to provide a frequency range down to a low frequency,

such as about 125Hz. To deliver the power, the power distribution architecture includes

2562586.v1
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audio power amplifiers in the emitter housing of each loudspeaker. Raw power is delivered
to each emitter unit through a cable and connectors, such as an Ethernet cable and connectors,
in the same cable with the sound masking and audio signals. Inside the emitter units are
electronics that efficiently convert the raw power and low level signal to drive the
loudspeaker directly. The power comes from a typical desktop power supply, from which the
power is combined with the sound masking and audio signals using a power injector unit that
distributes the combined power and signals to the loudspeakers.

[0006] In one embodiment of the invention, there is provided a direct field sound
masking system for providing a direct path sound masking signal to the ears of a listener in a
predetermined area of a building, said predetermined area including a ceiling and a floor.

The system comprises a plurality of loudspeaker assemblies, each loudspeaker assembly
coupled to one or more sources of an electrical sound signal. Each of the plurality of
loudspeaker assemblies has a voice coil coupled to an audio emitter operative to emit an
acoustic sound signal corresponding to said electrical sound signal, wherein each said audio
emitter is a cone emitter, wherein each of the plurality of loudspeaker assemblies has a low
directivity index, and wherein each of the plurality of loudspeaker assemblies is constructed
and oriented to provide the acoustic sound signal in a direct path to the ears of said listener in
said predetermined area. The plurality of loudspeaker assemblies can be interconnected via a
plurality of multi-conductor wiring cables, each multi-conductor wiring cable of the plurality
of multi-conductor wiring cables comprising at least one raw power conductor and at least
one electrical sound signal conductor. The at least one loudspeaker assembly of the plurality
of loudspeaker assemblies can be electrically coupled to a power injector via at least one
multi-conductor wiring cable of the plurality of multi-conductor wiring cables. The power
injector is electrically connected to (i) a control module comprising the one or more sources
of the electrical sound signal, and (ii) a power supply. The power injector transfers power
from the power supply onto the at least one raw power conductor of the at least one multi-
conductor wiring cable; and the power injector transfers the electrical sound signal from the
one or more sources of the electrical sound signal onto the at least one electrical sound signal
conductor of the at least one multi-conductor wiring cable. There is an audio power amplifier
within a loudspeaker enclosure of each loudspeaker assembly of the plurality of loudspeaker

assemblies.
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[0007] In further, related embodiments, the electrical sound signal can comprise at least
one of a sound masking signal, a music signal and a paging signal. Each multi-conductor
wiring cable of the plurality of multi-conductor wiring cables can be terminated at both ends
with quick connect/disconnect connectors, said quick connect/disconnect connectors
corresponding to integral input and output jacks on said loudspeaker assemblies. The quick
connect/disconnect connectors can, for example, be TIA/EIA-IS-968-A Registered Jack 45
(RJ-45) connectors. The multi-conductor wiring cables can comprise at least four pairs of
conductors; for example, the multi-conductor wiring cables can comprise four electrical
sound signal conductors, two raw power conductors and two common ground conductors. In
the plurality of loudspeaker assemblies each having a low directivity index, each said audio
emitter can have an effective aperture area that is less than or equal to the area of a circle
having a diameter of 3.0 inches, such as less than or equal to the area of a circle having a
diameter of 1.5 inches, and in particular having, for example, an effective aperture area that is
equal to the area of a circle having a diameter of between 1.25 inches and 3 inches.

[0008] In other, related embodiments, the loudspeaker enclosure of each loudspeaker
assembly of the plurality of loudspeaker assemblies can comprise a port opening from an
exterior of an aperture of the loudspeaker assembly to an interior of the loudspeaker
enclosure. The port opening can, for example, comprise a diameter of between about 0.3
inches and about 0.5 inches and a length of between about 1.5 inches and about 2.5 inches.
The loudspeaker enclosure of each loudspeaker assembly of the plurality of loudspeaker
assemblies can, for example, comprise an enclosure length of at least about 3.5 inches from
an aperture face of the loudspeaker to the rear of the loudspeaker, such as at least about 4.0
inches from an aperture face of the loudspeaker to the rear of the loudspeaker.

[0009] In further related embodiments, the acoustic sound signal can comprise an
acoustic sound masking signal comprising a corresponding sound masking spectrum, said
sound masking spectrum having a low end frequency of at least about 80 Hz and a high end
frequency of less than about 5300 Hz. The sound masking spectrum can comprise a
frequency response of at least about 40 dB in the 125 Hz one-third octave band of the sound
masking spectrum, such as at least about 45 dB in the 125 Hz one-third octave band of the
sound masking spectrum. Further, the sound masking spectrum can comprise a frequency
response that falls below about 20 dB in the range of between about 4000 Hz and about 5000

Hz of the sound masking spectrum. The acoustic sound signal can comprise a paging or
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music loudness of at least about 80 dBA in the covered area. The system can further
comprise a voltage regulator powering the audio power amplifier within the loudspeaker
enclosure of each loudspeaker assembly of the plurality of loudspeaker assemblies.

[0010] In other related embodiments, each of the plurality of loudspeaker assemblies can
be constructed and oriented to provide the acoustic sound signal to at least one sound
masking zone in the predetermined area of the building. The system can further comprise a
plurality of passive loudspeaker assemblies, each passive loudspeaker assembly coupled to
the one or more sources of an electrical sound signal; wherein each of the plurality of passive
loudspeaker assemblies lacks an audio power amplifier within a loudspeaker enclosure of
each passive loudspeaker assembly of the plurality of passive loudspeaker assemblies.

[0011] In further related embodiments, at least one loudspeaker assembly of the plurality
of loudspeaker assemblies can further comprise an individually addressed network connector,
the individually addressed network connector receiving audio signals individually addressed
to the at least one loudspeaker assembly from an individually addressed sound masking
network. The individually addressed sound masking network can comprise multi-conductor
wiring cables that conduct both power and the individually addressed audio signals. The
multi-conductor wiring cables comprised in the individually addressed sound masking
network can comprise Power over Ethernet cables. The individually addressed sound
masking network can comprise at least one of: an individually addressed network processor,
an individually addressed network loudspeaker controller and a network switch. The
individually addressed network processor can comprise a processor configured to emit
electronic signals comprising at least one of: sound masking signals, paging signals and
music signals. The at least one loudspeaker assembly can further comprise an internal
loudspeaker connection directly from the individually addressed network loudspeaker
controller to the voice coil of the at least one loudspeaker assembly. The at least one
loudspeaker assembly can either (a) receive audio signals individually addressed to the at
least one loudspeaker assembly from the individually addressed sound masking network,
through the individually addressed network connector, or (b) be electrically coupled to a
power injector via at least one multi-conductor wiring cable, the power injector being
electrically connected to (i) a control module comprising the one or more sources of the

electrical sound signal, and (i1) a power supply.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing will be apparent from the following more particular description of
example embodiments, as illustrated in the accompanying drawings in which like reference
characters refer to the same parts throughout the different views. The drawings are not
necessarily to scale, emphasis instead being placed upon illustrating embodiments.

[0013] FIG. 1 is a schematic diagram of a sound masking system using self-powered
loudspeakers, in accordance with an embodiment of the invention.

[0014] FIG. 2 is a schematic diagram of a sound masking system using multiple strings of
self-powered loudspeakers, in accordance with an embodiment of the invention.

[0015] FIG. 3A is a front perspective view, FIG. 3B is a rear perspective view, and FIG.
3C is a front view, of an enclosure of a self-powered loudspeaker, in accordance with an
embodiment of the invention.

[0016] FIG. 4 is a schematic diagram of a sound masking system using multiple zones,
with some zones include passive loudspeaker assemblies and others using self-powered
loudspeakers, in accordance with an embodiment of the invention.

[0017] FIG. 5 is a diagram showing a sound masking spectrum that can be used with self-
powered loudspeakers in accordance with an embodiment of the invention.

[0018] FIG. 6 is a schematic diagram of a loudspeaker assembly in a sound masking
system in accordance with an embodiment of the invention.

[0019] FIG. 7 is a schematic diagram of electrical components within a self-powered
loudspeaker in accordance with an embodiment of the invention.

[0020] FIG. 8A is a schematic diagram of conductors in a multi-conductor cable used in
previous direct field sound masking systems, whereas FIG. 8B is a schematic diagram of
conductors in a multi-conductor cable that can be used with self-powered loudspeakers in
accordance with an embodiment of the invention.

[0021] FIG. 9 is a schematic diagram illustrating a low directivity index loudspeaker that
can be used in accordance with an embodiment of the invention.

[0022] FIG. 10A is a front perspective view and FIG. 10B is a rear perspective view of an
enclosure of a self-powered loudspeaker, in accordance with another embodiment of the
invention, in which a individually addressed network connector is included on the enclosure

of the loudspeaker assembly.
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[0023] FIG. 11 is a schematic diagram of a loudspeaker assembly in a sound masking
system in accordance with an embodiment of the invention, which includes an individually
addressed network connector.

[0024] FIG. 12 is a schematic diagram of an individually addressed sound masking
network that includes network addressable loudspeakers, in accordance with an embodiment
of the invention.

[0025] FIG. 13 is a schematic diagram illustrating the individual addressing of an
individual loudspeaker assembly using the individually addressed sound masking network of

FIG. 12, in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

[0026] A description of example embodiments follows.

[0027] FIG. 1 is a schematic diagram of a sound masking system 100 using self-powered
loudspeakers 102, in accordance with an embodiment of the invention. The sound masking
system 100 is used to produce a sound masking zone in a predetermined area of a building,
below the loudspeakers 102. The loudspeakers 102 are coupled via electrical connections to
one or more sources 104 of an electrical sound signal, which includes a sound masking
signal, and which may also include a music signal and/or a paging signal. The loudspeakers
102 emit an acoustic sound signal in response to the electrical sound signal, and, when the
sound masking function of the sound masking system is activated, emit an acoustic sound
masking signal. The loudspeakers 102 are constructed and oriented to provide the acoustic
sound signal to the sound masking zone. For example, the loudspeakers 102 may be
positioned facing downwards from a suspended ceiling, so as to transmit the sound masking
signal directly to the ears of a listener in the sound masking zone.

[0028] In accordance with the embodiment of FIG. 1, the sound masking system 100
includes self-amplified loudspeaker emitter units 102, each with a driver and enlarged ported
enclosure, sufficient to provide a frequency range down to a low frequency, such as about
125Hz. To deliver the power, the power distribution architecture includes audio power
amplifiers in the emitter housing of each loudspeaker 102. Raw power is delivered to each
emitter unit through a cable 106 and connectors, such as an Ethernet cable and connectors, in
the same cable 106 with the sound masking and audio signals. Inside the emitter units 102
are electronics that efficiently convert the raw power and low level signal to drive the

loudspeaker directly. The power comes from a typical desktop power supply 108, from
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which the power in power cable 110 is combined with the sound masking and audio signals
in signal cables 112 using a power injector unit 114, which distributes the combined power
and signals through combined power/signal cables 106 to the loudspeakers 102.

[0029] The sounds played by the sound emitter units 102 can, for example, include
dedicated sound masking signals (which use a sound masking spectrum), in order to mask
outside, human speech in a context such as an open plan office, or any of a variety of other
contexts in which sound masking can be used. The system can also emit a paging address
including live or recorded human speech, and can emit music.

[0030] FIG. 2 is a schematic diagram of a sound masking system using multiple strings of
self-powered loudspeakers 202, in accordance with an embodiment of the invention. By
using additional power supplies 208a, 208b, and multiple power injector units 214a, 214b, it
can be seen that multiple strings of self-powered loudspeakers 202 can be used. In one
embodiment, one power supply 208a/208b is used to power up to 180 emitters 202 total. In
practice, the number of emitters 202 possible on one string may, for example, be practically
limited to 30 emitters, depending on the limits of the Ethernet cable and connectors.
However, by adding additional power supplies 208a/208b and power injectors 214a/214b, the
string of loudspeakers 202 can, in principle, be continued indefinitely. To install the system,
the power injector 214a/214b is plugged directly into a zone output of the controller 204, and
the power from the supply 208a/208b is connected via a 2-wire cable to the power injector
214a/214b. A power injector 214a/214b can, for example, be added to any string after 30
emitters and so on indefinitely. It will be appreciated that other configurations are possible.
Other zones on the controller can still be used as passive emitter sound masking zones, as
shown in FIG. 4, below. Paging zones can be retrofitted to existing installations by adding the
power injectors 214a/214b and the self-powered emitters 202.

[0031] FIG. 3A is a front perspective view, FIG. 3B is a rear perspective view, and FIG.
3C is a front view, of an enclosure of a self-powered loudspeaker 302, in accordance with an
embodiment of the invention. The emitter 302 uses an enclosure 316 with a port 318 on the
face. It can have, for example, a long throw, low distortion, 1 1/2” diameter driver. The
assembly of the loudspeaker 302 has active electronics inside the enclosure 316, instead of a
transformer, as is used in a passive loudspeaker unit. Connections to each emitter unit 302
can be made with quick connect/disconnect connectors, such as an RJ45 connector, and

Ethernet cable. The power voltage carried by the Ethernet cable into the enclosure 316 can,
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for example, be 36V DC, and the audio signal can come from an existing controller 104 (see
FIG. 1) that can also be used with passive loudspeakers for direct field sound masking. The
power voltage can, for example, be 36 V DC, but can also be higher or another value, such as
48 V DC. Inside the emitter 302 is an efficient voltage regulator (see 720 in FIG. 7, below)
to reduce the incoming voltage to 5 volts. This voltage powers a Class D audio power
amplifier (see 722 in FIG. 7, below) to drive the speaker 302 directly.

[0032] In accordance with an embodiment of the invention, the loudspeaker assembly
302 is designed to minimize the work and effort required to provide a correct installation of
the sound masking speakers and associated wiring. Each loudspeaker assembly 302 can be
connected using readily available and inexpensive wiring with at least four pairs of
conductors, such as CAT-3, 5, 5A or 6 wire. In one embodiment, the plurality of loudspeaker
assemblies 302 are interconnected via multi-conductor American Wire Gage (AWG) No. 24
size wiring pieces. To simplify assembly, the wiring pieces are terminated at both ends with
quick connect/disconnect connectors, such as RJ-45 or RJ-11 connectors, corresponding to
integral input and output jacks 330 on the loudspeakers. This eliminates any need for on-the-
job cable stripping. In particular, the quick connect/disconnect connectors can be TIA/EIA-
IS-968-A Registered Jack 45 (RJ-45) connectors. The multi-conductor wiring pieces can
comprise at least four pairs of conductors, as discussed further below in connection with
FIGS. 8A and 8B.

[0033] In the embodiment of FIGS. 3A-3C, the port 318 opening can comprise a diameter
of between about 0.3 inches and about 0.5 inches and a length of between about 1.5 inches
and about 2.5 inches. The loudspeaker enclosure 316 can comprise an enclosure length of at
least about 3.5 inches from an aperture face of the loudspeaker to the rear of the loudspeaker,
such as at least about 4.0 inches from an aperture face of the loudspeaker to the rear of the
loudspeaker, such as between about 3.5 inches and 4.5 inches.

[0034] An embodiment according to the invention can provide a sound masking system
in which the paging or music loudness will be increased to at least 80 dBA in the covered
area, which is at least about 14dBA higher than previous designs. The design can expand the
frequency response at the low frequency end of the spectrum, for example to the 125Hz 1/3
octave band—a lower frequency than previous similar systems.

[0035] Returning to the embodiment of FIG. 1, the power injector 114 adapter box
connects the powered emitters 102 to the controller 104 and to the power supply 108. The
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power injector 114 box can, for example, have quick connect/disconnect connectors, such as
RJ45 connectors, which take in the audio signals over signal cables 112 from a controller
zone and send them to two output connectors 126. The signal cables 112 can, for example,
be CAT 3 UTP cables, although it will be appreciated that other types of cable can be used.
The power injector 114 also takes in power, over power cable 110, from the desktop power
supply 108, and distributes this power to its two output connectors 126, which connect the
combined power/audio signal to cables 106. The power cable 110 can, for example, be 14/2
AWG cable, and the combined power/audio signal cables 106 can, for example, use CAT 3
UTP cable, although it will be appreciated that other types of cable can be used. The
controller 104 and power supply 108 can be housed in a small enclosure that can be mounted
where convenient.

[0036] In accordance with an embodiment of the invention, one or more sources of the
electrical sound signal can be characterized as a portion of a controller 104. It will be
appreciated that the controller 104 can include a microprocessor or other suitable circuitry to
implement the control, automation, communication and other computing functions necessary
to configure embodiments taught herein.

[0037] In accordance with an embodiment of the invention, the low-frequency response
of the sound masking speaker system 100 is improved, thereby improving the acoustic
qualities of emitted human speech, for example for paging. Low frequency performance (for
example, to the 125Hz 1/3 octave band) is provided, and the desired sound level for paging
and music is provided, while the system adds only a low cost and integrates easily with
existing components.

[0038] FIG. 4 is a schematic diagram of a sound masking system using multiple zones,
with some zones 436 include passive loudspeaker assemblies and others 438 using self-
powered loudspeakers, in accordance with an embodiment of the invention. The loudspeaker
assemblies in zones 436 are conventional direct field sound masking loudspeakers, which do
not include active electronics within their loudspeaker enclosures to provide power
amplification, as in the self-powered loudspeakers in accordance with an embodiment of the
invention. The loudspeakers in zones 436 can, for example, include conventional
transformers. In accordance with an embodiment of the invention, the controller 404 can
output two different types of signals, one type to control the passive sound masking

loudspeakers, and one type to control the self-powered sound masking loudspeakers. For
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example, the signals for the self-powered loudspeakers can have a lower frequency spectrum
than those for the passive loudspeakers, owing to the loudspeaker design taught herein; and
the signal voltage can be lower, because the self-powered loudspeakers perform their own
amplification. The settings used by the controller 404 (whether for self-powered
loudspeakers or passive loudspeakers) can be toggled on a zone-by-zone basis, in accordance
with an embodiment of the invention.

[0039] FIG. 5 is a diagram showing a sound masking spectrum 550 that can be used with
self-powered loudspeakers in accordance with an embodiment of the invention. Another
standard curve is shown for comparison. For an acoustic sound masking signal, a sound
masking system in accordance with an embodiment of the invention may use a sound
masking spectrum based on the principles of the spectrum described in L.L. Beranek, “Sound
and Vibration Control,” McGraw-Hill, 1971, Page 593, the teachings of which reference are
incorporated by reference in their entirety. The low end frequencies of the selected spectrum
can comprise at least one of 50 Hz, 80 Hz, 100 Hz and 125 Hz. The high end frequencies can
be less than 8 kHz, 7 kHz, 6 KHz, or about 5300 Hz or less. It will be appreciated that other
sound masking spectra may be used. In particular, using a self-powered loudspeaker in
accordance with an embodiment of the invention, the sound masking spectrum 550 can
comprises a frequency response of at least about 40 dB in the 125 Hz one-third octave band
of the sound masking spectrum, such as at least about 45 dB in the 125 Hz one-third octave
band of the sound masking spectrum. In addition, the sound masking spectrum 550 can
comprise a frequency response that falls below about 20 dB in the range of between about
4000 Hz and about 5000 Hz of the sound masking spectrum.

[0040] FIG. 6 is a schematic diagram of a loudspeaker assembly 602 in a sound
masking system in accordance with an embodiment of the invention. The loudspeaker
assembly 602 includes a substantially airtight case 670, an input connection 672, an input
network 673 and a voice coil 674 that is coupled to audio emitter 676, which can be a cone
emitter. The audio emitter 676 is operative to emit the acoustic sound masking signal. The
cone loudspeaker assembly 602 may comprise a low directivity index loudspeaker. In one
embodiment, all of the loudspeaker assemblies in the sound masking system may be low
directivity index loudspeakers. Returning to FIG. 6, a loudspeaker assembly 602 can have a
cone emitter 676 having an effective aperture area that is less than or equal to the area of a

circle having a diameter of 3.0 inches; or that is less than or equal to the area of a circle
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having a diameter of 1.5 inches; or that is equal to the area of a circle having a diameter of
between 1.25 inches and 3 inches; and may be of a type that is suitable to function as a direct
field, low directivity index cone loudspeaker, such as the type taught in U.S. Patent No.
7,194,094 B2 of Horrall et al., the teachings of which patent are incorporated by reference in
their entirety. As used herein, a “direct field sound masking system” is one in which the
acoustic sound masking signal or signals, propagating in a direct audio path from one or more
emitters, dominate over reflected and/or diffracted acoustic sound masking signals in the
sound masking zone. A “direct audio path” is a path in which the acoustic masking signals
are not reflected or diffracted by objects or surfaces and are not transmitted through
acoustically absorbent surfaces within a masking area or zone.

[0041] FIG. 7 is a schematic diagram of electrical components of an input network 673
(see FIG. 6) within a self-powered loudspeaker in accordance with an embodiment of the
invention. A voltage regulator 720 reduces the incoming voltage from the power portion 740
of input cable 672 to 5 volts. This voltage powers an audio power amplifier 722, such as a
Class D audio power amplifier, to drive the speaker 674 (see FIG. 6) using the signals
received over the signal portion 742 of cable 672.

[0042] FIG. 8A is a schematic diagram of conductors in a multi-conductor cable used in
previous direct field sound masking systems, whereas FIG. 8B is a schematic diagram of
conductors in a multi-conductor cable that can be used with self-powered loudspeakers in
accordance with an embodiment of the invention. In the multi-conductor cable of FIG. 8A,
four pairs of sound signals are transmitted over the cable, as shown by the four pairs of “+”
and “-“ symbols. By contrast, in the multi-conductor cable of FIG. 8B, of the four pairs of
conductors, there are four electrical sound signal conductors 844, two raw power conductors
846 and two common ground conductors 848. The multi-conductor cable of FIG 8B can, for
example, be used as cable 106 of FIG. 1, which carries both the power and the signal received
from the power injector 114. Using two raw power conductors 846 halves the power loss
over the cable. The power voltage can, for example, be 36 V, but can also be higher, such as
48 V, in order to minimize resistive losses.

[0043] FIG. 9 is a schematic diagram illustrating a low directivity index loudspeaker that
can be used in accordance with an embodiment of the invention. A loudspeaker with a “low
directivity index” is one that, with reference to the axial direction 988 of the speaker, at

location 990 provides an output sound intensity 982 at an angle of 20 degrees, preferably 45
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degrees, and most preferably 60 degrees from the axial direction, that is not more than 3 dB,
and not less than 1 dB, lower than the output sound intensity 984 at the same angle from an
infinitesimally small sound source at the same location in an infinite baffle at frequencies less
than 6000 Hz, as measured in any one-third octave band. Accordingly, the low directivity
index loudspeakers provide a substantially uniform acoustic output that extends nearly 180
degrees, i.e., plus or minus 90 degrees from the axial direction of the loudspeaker assembly.
[0044] FIG. 10A is a front perspective view and FIG. 10B is a rear perspective view of an
enclosure of a self-powered loudspeaker 1001, in accordance with another embodiment of the
invention, in which a individually addressed network connector 1005 is included on the
enclosure 1016 of the loudspeaker assembly. The individually addressed network connector
1005 receives audio signals individually addressed to the at least one loudspeaker assembly
1001 from an individually addressed sound masking network 1209 (see FIG. 12), as
discussed further below. This individually addressed network connector 1005 can be present
on the loudspeaker assembly 1001, in addition to connectors 1030, which function in the
manner of connectors 330 (see FIGS. 3A-3C) to connect to a network 100 such as that of
FIGS. 1 and 2 that includes power injectors and a power supply. In this way, a parallel,
additional capacity is added to enable each loudspeaker assembly 1001 to be individually
addressed by the individually addressed sound masking network 1209, as a parallel
alternative to the network 100 of FIGS. 1 and 2. Thus, the loudspeaker assembly 1001 either
(a) receives audio signals individually addressed to the loudspeaker assembly from the
individually addressed sound masking network 1209 (see FIG. 12), through the individually
addressed network connector 1005, or (b) is electrically coupled to a power injector 114 (see
FIG. 1) via at least one multi-conductor wiring cable 106, for example via connectors 1030,
where the power injector is electrically connected to (i) a control module 104 comprising one
or more sources of an electrical sound signal, and (i1) a power supply 108. Connections to
the individually addressed network connector 1005 (of FIG. 10) can, for example, be made
with quick connect/disconnect connectors, such as an RJ45 connector, or, for example, a
connector suitable to connect to speaker cable, such as 18-2 standard speaker cable.

[0045] FIG. 11 is a schematic diagram of a loudspeaker assembly 1102 in a sound
masking system in accordance with an embodiment of the invention, which includes an
individually addressed network connector 1105. Here, it can be seen that the individually

addressed network connector 1105 can be used to connect an audio signal line 1107 to an
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internal loudspeaker connection 1121, that connects directly from the individually addressed
network connector 1105 to the voice coil 1174 of the loudspeaker assembly 1102. In this
way, the voice coil 1174 can be used to drive the audio emitter 1176 via the individually
addressed sound masking network, instead of via the signals from input connection 1172,
which can come from a network such as network 100 of FIGS. 1 and 2. Thus, the internal
loudspeaker connection 1121 permits the audio signals to bypass the input network 1173.
The input network 1173 is, however, used in the fashion described in connection with FIGS.
6 and 7 for signals received over input connection 1172 from the network 100 of FIGS. 1 and
2. The loudspeaker assembly 1102 can include other components and features to those
described above in connection with the embodiment of FIG. 6.

[0046] FIG. 12 is a schematic diagram of an individually addressed sound masking
network 1209 that includes network addressable loudspeakers, in accordance with an
embodiment of the invention. As used herein, it will be appreciated that an “individually
addressed sound masking network can include the capacity to perform not only sound
masking, but also paging and music. The individually addressed sound masking network
1209 includes multi-conductor wiring cables 1211, such as Power over Ethernet cables,
which conduct both power and the audio signals. For example, cables 1211 may use CAT 5
cable. An individually addressed network processor 1213 is used, which can be a processor
configured to emit electronic signals comprising at least one of: sound masking signals,
paging signals and music signals. The processor 1213 is used to input standard audio signals,
such as paging or music, into the audio network 1209. Additionally, the processor 1213 is
used to broadcast sound masking signals through its audio output channels. The processor
1213 can, for example, include a digital signal processor that includes a matrix mixer
between the analog and network audio inputs, its internal sound masking generators, (on the
input side of the matrix mixer) and (on the output side) the analog and network outputs. This
processor 1213 is, in turn, connected to network switches 1217, such as Power over Ethernet
switches, via the multi-conductor wiring cables 1211. A standard network switch 1229 can
also be present in the individually addressed sound masking network 1209. The network
switches 1217 are, in turn, connected to one or more individually addressed network
loudspeaker controllers 1215, which control and are connected to the individual loudspeaker
assemblies 1202. The loudspeaker controllers 1215 receive power and network audio

through the cables 1211 (such as a CAT-5 cable), and can, for example, receive eight audio
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channels. The loudspeaker controller 1215 incorporates full digital signal processing, and
can route any mix of its audio channels (such as eight audio channels) to any individual
addressed loudspeaker or group of the loudspeakers. In addition, each individually addressed
loudspeaker 1202 has individual access to internal sound masking generators inside each
loudspeaker controller 1215. The loudspeaker controller 1215 can, for example, include a
digital signal processor that includes a matrix mixer between the network audio inputs, its
internal sound masking generators, (on the input side of the matrix mixer) and (on the output
side) the loudspeaker outputs. The individually addressed network loudspeaker controllers
1215 can, for example, be connected to the loudspeaker assembles 1202 using speaker cable
1227, such as 18-2 standard speaker cable. The individually addressed sound masking
network 1209 can also include a controller 1219, such as a touch screen controller, operating
software that permits a user of the system to control the individually addressed sound
masking network 1209.

[0047] FIG. 13 is a schematic diagram illustrating the individual addressing of an
individual loudspeaker assembly, such as 1001, 1102 or 1202 of FIGS. 10-12, using the
individually addressed sound masking network of FIG. 12, in accordance with an
embodiment of the invention. The schematic shows the addressing of the individual
loudspeaker assemblies, overlaid on a schematic architectural drawing of the space in which
sound masking is to be performed, for example an office space, at least some of which may
be an open plan office space. It will be appreciated that systems herein provide a direct field
sound masking system for providing a direct path sound masking signal to the ears of a
listener in a predetermined area of a building, said predetermined area including a ceiling and
a floor, for example the predetermined areas in the office space of FIG. 13. Here, each
individually addressed network loudspeaker controller (see 1215 in FIG. 12) in the
individually addressed sound masking network 1209 is assigned a unique controller address
1323 in the individually addressed sound masking network 1209, such as “1.1,” for example
(see FIG. 13). In turn, each individual loudspeaker assembly, such as 1001, 1102 or 1202 of
FIGS. 10-12, is given a unique loudspeaker address 1325 in the individually addressed sound
masking network 1209, based on the controller address 1323. For example, in FIG. 13, the
loudspeakers controlled by the controller with address 1323 are assigned loudspeaker

addresses 1325, such as “1.1.1,” “1.1.2,” “1.1.3,” “1.1.4,” “1.1.5” and “1.1.6.” It will be
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appreciated that other schemes of individually addressing the loudspeakers in the individually
addressed sound masking network 1209 may be used.

[0048] In this way, an embodiment according to the invention combines the flexibility of
individual addressing and control of loudspeakers, with the benefits of low-directivity index,
direct field sound masking. By using individual addressing of loudspeakers, an embodiment
according to the invention avoids the need to have multiple loudspeakers be controlled
together in sound masking zones, instead allowing the flexibility to control each individually
addressed loudspeaker in the system in its own unique desired way, for optimum sound
masking flexibility.

[0049] The teachings of all patents, published applications and references cited herein are
incorporated by reference in their entirety.

[0050] While example embodiments have been particularly shown and described, it will
be understood by those skilled in the art that various changes in form and details may be
made therein without departing from the scope of the embodiments encompassed by the
appended claims.

[0051] In this specification, the terms “comprise”, “comprises”, “comprising” or similar
terms are intended to mean a non-exclusive inclusion, such that a system, method or
apparatus that comprises a list of elements does not include those elements solely, but may
well include other elements not listed.

[0052] The reference to any prior art in this specification is not, and should not be taken
as, an acknowledgement or any form of suggestion that the prior art forms part of the

common general knowledge in Australia or elsewhere.
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CLAIMS

What is claimed is:

A direct field sound masking system for providing a direct path sound masking signal
to the ears of a listener in a predetermined area of a building, said predetermined area
including a ceiling and a floor, said system comprising:

a plurality of loudspeaker assemblies, each loudspeaker assembly coupled to
one or more sources of an electrical sound signal,

wherein each of the plurality of loudspeaker assemblies has a voice coil
coupled to an audio emitter operative to emit an acoustic sound signal corresponding
to said electrical sound signal, wherein each said audio emitter is a cone emitter,
wherein each of the plurality of loudspeaker assemblies has a low directivity index,
and wherein each of the plurality of loudspeaker assemblies is constructed and
oriented to provide the acoustic sound signal in a direct path to the ears of said listener
in said predetermined area;

wherein the plurality of loudspeaker assemblies are interconnected via a
plurality of multi-conductor wiring cables, each multi-conductor wiring cable of the
plurality of multi-conductor wiring cables comprising at least one raw power
conductor and at least one electrical sound signal conductor;

wherein at least one loudspeaker assembly of the plurality of loudspeaker
assemblies is electrically coupled to a power injector via at least one multi-conductor
wiring cable of the plurality of multi-conductor wiring cables, the power injector
being electrically connected to (i) a control module comprising the one or more
sources of the electrical sound signal, and (ii) a power supply, the power injector
transferring power from the power supply onto the at least one raw power conductor
of the at least one multi-conductor wiring cable, and the power injector transferring
the electrical sound signal from the one or more sources of the electrical sound signal
onto the at least one electrical sound signal conductor of the at least one multi-
conductor wiring cable; and

an audio power amplifier within a loudspeaker enclosure of each loudspeaker

assembly of the plurality of loudspeaker assemblies.
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The direct field sound masking system of claim 1, wherein the electrical sound signal

comprises at least one of a sound masking signal, a music signal and a paging signal.

The direct field sound masking system of claim 1 or claim 2, wherein said multi-

conductor wiring cables comprise at least four pairs of conductors.

The direct field sound masking system of claim 3, wherein said multi-conductor
wiring cables comprise four electrical sound signal conductors, two raw power

conductors and two common ground conductors.

The direct field sound masking system of any one of claims 1 through 4, wherein, in
said plurality of loudspeaker assemblies each having a low directivity index, each said
audio emitter has an effective aperture area that is less than or equal to the area of a

circle having a diameter of 3.0 inches.

The direct field sound masking system of any one of claims 1 through 4, wherein, in
said plurality of loudspeaker assemblies each having a low directivity index, each said
audio emitter has an effective aperture area that is less than or equal to the area of a

circle having a diameter of 1.5 inches.

The direct field sound masking system of any one of claims 1 through 4, wherein, in
said plurality of loudspeaker assemblies each having a low directivity index, each said
audio emitter has an effective aperture area that is equal to the area of a circle having

a diameter of between 1.25 inches and 3 inches.

The direct field sound masking system of any one of claims 1 through 7, wherein the
loudspeaker enclosure of each loudspeaker assembly of the plurality of loudspeaker
assemblies comprises a port opening from an exterior of an aperture of the

loudspeaker assembly to an interior of the loudspeaker enclosure.
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The direct field sound masking system of claim 8, wherein the port opening comprises
a diameter of between about 0.3 inches and about 0.5 inches and a length of between

about 1.5 inches and about 2.5 inches.

The direct field sound masking system of any one of claims 1 through 9, wherein the
loudspeaker enclosure of each loudspeaker assembly of the plurality of loudspeaker
assemblies comprises an enclosure length of at least about 3.5 inches from an aperture

face of the loudspeaker to the rear of the loudspeaker.

The direct field sound masking system of any one of claims 1 through 10, wherein the
loudspeaker enclosure of each loudspeaker assembly of the plurality of loudspeaker
assemblies comprises an enclosure length of at least about 4.0 inches from an aperture

face of the loudspeaker to the rear of the loudspeaker.

The direct field sound masking system of any one of claims 1 through 11, wherein the
acoustic sound signal comprises an acoustic sound masking signal comprising a
corresponding sound masking spectrum, said sound masking spectrum having a low
end frequency of at least about 80 Hz and a high end frequency of less than about
5300 Hz.

The direct field sound masking system of claim 12, wherein the sound masking
spectrum comprises a frequency response of at least about 40 dB in the 125 Hz one-

third octave band of the sound masking spectrum.

The direct field sound masking system of claim 13, wherein the sound masking
spectrum comprises a frequency response of at least about 45 dB in the 125 Hz one-

third octave band of the sound masking spectrum.

The direct field sound masking system of any of claims 1 through 14, wherein the
sound masking spectrum comprises a frequency response that falls below about 20 dB
in the range of between about 4000 Hz and about 5000 Hz of the sound masking

spectrum.
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The direct field sound masking system of any one of claims 1 through 15, wherein the
acoustic sound signal comprises a paging or music loudness of at least about 80 dBA

in the covered area.

The direct field sound masking system of any one of claims 1 through 16, further
comprising a voltage regulator powering the audio power amplifier within the
loudspeaker enclosure of each loudspeaker assembly of the plurality of loudspeaker

assemblies.

The direct field sound masking system of any one of claims 1 through 17, wherein
each of the plurality of loudspeaker assemblies is constructed and oriented to provide
the acoustic sound signal to at least one sound masking zone in the predetermined

area of the building.

The direct field sound masking system of any one of claims 1 through 18, further
comprising a plurality of passive loudspeaker assemblies, each passive loudspeaker
assembly coupled to the one or more sources of an electrical sound signal, wherein
each of the plurality of passive loudspeaker assemblies lacks an audio power amplifier
within a loudspeaker enclosure of each passive loudspeaker assembly of the plurality

of passive loudspeaker assemblies.

The direct field sound masking system of any one of claims 1 through 19, wherein at
least one loudspeaker assembly of the plurality of loudspeaker assemblies further
comprises an individually addressed network connector, the individually addressed
network connector receiving audio signals individually addressed to the at least one

loudspeaker assembly from an individually addressed sound masking network.

The direct field sound masking system of claim 20, wherein the individually
addressed sound masking network comprises multi-conductor wiring cables that

conduct both power and the individually addressed audio signals.
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The direct field sound masking system of claim 21, wherein the multi-conductor
wiring cables comprised in the individually addressed sound masking network

comprise Power over Ethernet cables.

The direct field sound masking system of any one of claims 20 through 22, wherein
the individually addressed sound masking network comprises at least one of: an
individually addressed network processor, an individually addressed network

loudspeaker controller and a network switch.

The direct field sound masking system of claim 23, wherein the individually
addressed network processor comprises a processor configured to emit electronic
signals comprising at least one of: sound masking signals, paging signals and music

signals.

The direct field sound masking system of claim 23 or 24, wherein the individually
addressed sound masking network comprises an individually addressed network

loudspeaker controller, and wherein at the least one loudspeaker assembly further

comprises an internal loudspeaker connection directly from the individually addressed

network loudspeaker controller to the voice coil of the at least one loudspeaker

assembly.

The direct field sound masking system of any one of claims 20 through 25, wherein
the at least one loudspeaker assembly either (a) receives audio signals individually
addressed to the at least one loudspeaker assembly from the individually addressed
sound masking network, through the individually addressed network connector, or (b)
is electrically coupled to a power injector via at least one multi-conductor wiring
cable, the power injector being electrically connected to (i) a control module

comprising the one or more sources of the electrical sound signal, and (ii) a power

supply.
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