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WIRELESS AUDIO SYSTEM 

RELATED APPLICATION 

The present application makes a claim of domestic pri-
ority to U.S. Provisional Patent Application No. 62/164,332 
filed May 20, 2015, the contents of which are hereby 
incorporated by reference. 

SUMMARY 

A wireless audio system, in accordance with some 
embodiments, has a mobile communication device that is 
concurrently wirelessly connected to first and second moni-
tors, respectively, via first and second wireless pathways. 
The first and second wireless pathways are different and 
provide stereo audio reproduction with the first and second 
monitors with 5 ms of latency or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a line representation of an example wireless 
audio system arranged in accordance with some embodi-
ments. 

FIG. 2 displays a block representation of an example 
wireless audio system configured in accordance with various 
embodiments. 

FIG. 3 illustrates a block representation of a portion of an 
example wireless audio system constructed and operated in 
accordance with assorted embodiments. 

FIG. 4 shows a block representation of a portion of an 
example wireless audio system arranged in accordance with 
some embodiments. 

FIG. 5 depicts a line representation of a portion of an 
example wireless audio system configured in accordance 
with various embodiments. 

FIG. 6 conveys a line representation of a portion of an 
example wireless audio system constructed and operated in 
accordance with assorted embodiments. 

FIG. 7 is a line representation of a portion of an example 
wireless audio system arranged in accordance with some 
embodiments. 

FIG. 8 provides a flowchart of an example stereo wireless 
reproduction routine that may be carried out in accordance 
with various embodiments. 

DETAILED DESCRIPTION 

The proliferation of mobile computing devices that have 
reduced physical size and sophisticated computing capabili-
ties has increased consumer demand for wireless headphone 
systems that provide robust audio quality and near zero 
signal latency. For example, performing artists could utilize 
wireless headphones to receive feedback during a concert. 
However, conventional wireless headphone technology has 
an inherent signal latency, which can be particularly long 
when a signal is passing through a user's head. Thus, there 
is an industry and consumer interest in optimizing personal 
wireless audio communication by decreasing signal latency. 

It is initially noted that the term "monitor" and "head-
phone" are used synonymously throughout the present dis-
closure. While not limiting, a monitor is herein meant as a 
signal reproducing device that may be positioned partially or 
completely in one or more user's ears (in-ear) or may be 
positioned proximal at least one ear of the user (over ear or 
on ear). When a monitor is connected to an audio signal 
source, such as an amplifier, processor, and/or computer 

2 
memory via a tangible wire, audio signals are transmitted 
with characteristics determined by the wire, such as resis-
tance and length. In contrast, wireless audio signal trans-
mission has a plurality of variables that collectively deter-

5 mine signal transmission speed and quality. 
Musicians, commuters, audiophiles, and consumers who 

own custom or generic monitors are interested in utilizing 
the audio reproduction capabilities in situations other than 
listening to music or speech. For instance, a continued goal 

10 of the headphone market is to utilize wireless monitors in 
combination with microphones for noise-reduction, 
enhanced hearing, and the production of audio signals, like 
voice feedback. Accordingly, various embodiments config-
ure a wireless audio system that provides low signal latency 

15 along with a diverse range of capabilities that may, or may 
not, be facilitated by attachments physically connected to a 
wireless monitor. 

FIG. 1 illustrates a line representation of an example 
audio system 100 arranged in accordance with assorted 

20 embodiments. As shown, an audio source 102 is connected 
to first 104 and second 106 audio reproducing monitors 
positioned proximal ear canals 108 of a user 110. It is 
contemplated that the monitors 104 and 106 are respectively 
positioned in, on, or over ears 112 located on opposite sides 

25 of the user's head 114. 
While stereo audio reproduction is possible via wired 116 

connection of the monitors 104 and 106 to the source 102, 
wireless connection, as represented by segmented line 118, 
has been limited to a single monitor or a wired intercon-

30 nection between the monitors 104 and 106. In other words, 
stereo audio reproduction has not been capable with two 
non-wired monitors 104 and 106 due at least in part to the 
interference incurred during passage of wireless signals 
through the user's head 114. Such interference can result in 

35 latency that delays one monitor 104 with respect to the other 
monitor 106, which can be disorienting, confusing, and 
annoying to the user 110. 

Although mono wireless audio reproduction via a single 
wireless monitor 104 can be conducted in some situations, 

40 some embodiments provide the ability to produce stereo 
wireless audio reproduction with near zero latency, as 
defined as latency substantially close to latency experienced 
with the wired connection 116, which optimizes the listening 
environment and experience for the user 110. FIG. 2 is a 

45 block representation of an example wireless audio system 
130 configured in accordance with some embodiments to 
provide wireless stereo audio reproduction with without 
latency noticeable by a user. The wireless audio system 130 
has first 132 and second 134 in-ear monitors that are each 

so connected to a common communication device 136 by at 
least one wireless pathway 138. 

While the in-ear monitors 132 and 134 may be connected 
via a wired interconnection, various embodiments provide a 
wireless monitor interconnection 140 that is provided by the 

55 same, or different, wireless technology that provides the 
wireless pathway 138 to the communication device. It is 
contemplated that the in-ear monitors 132 and 134 may be 
on ear or over ear headphones, without limitation. It is 
further contemplated that the communication device 136 is 

60 mobile, worn by a user, can operate with and without a wired 
audio source, and can be adapted to provide a multitude of 
uses for the in-ear monitors 132 and 134 to accommodate a 
diverse variety of environments. 

The communication device 136 may be connected to one 
65 or more near field magnetic induction (NFMI) microphones 

142 via a third wireless pathway 144 that may be similar, or 
dissimilar, from pathways 138 and 140. The NFMI micro-
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phone 142 may be physically, electronically, and/or wire-
lessly separate from the in-ear monitors 132 and 134. As 
such, the communication device 136 may operate with the 
NFMI microphone 142 without the in-ear monitors 132 and 
134 being present or activated. The wireless pathway 144 
may connect to an analog-to-digital (A/D) converter, in the 
event the microphone 142 is analog, or to an NFMI proces-
sor of the communication device 136 prior to being trans-
mitted within the communication device 136 to an NFMI 
receiver via one or more antennae. 

The ability to independently connect at least one micro-
phone to the communication device 136 via an NFMI 
pathway 144 prevents radio frequency interference and 
allows long range wireless circuits in the communication 
device 136 to further transmit the microphone signals to a 
remote location, such as a tower positioned more than 10 
meters away. That is, the NFMI signal from the microphone 
142 is a non-propagating signal that has a short range, such 
as less than 3 meters, low signal latency, and very low power 
consumption that can survive radio frequency interference, 
but needs to be translated into a long range signal by the 
communication device 136 to enable communication with a 
distant station. 

FIG. 3 displays a block representation of a portion of an 
example wireless audio system 150 configured in accor-
dance with some embodiments. A communication device 
152 is shown wirelessly connected to a monitor 154, such as 
an in-ear monitor 132 of FIG. 2, via first 156 and second 158 
wireless connections. It is noted that the wireless audio 
system 150 may employ monitors 154 that are configured 
differently, or with matching circuitry. 

The communication device 152 may be formed to fit on 
the hip, arm, leg, shoulder, or neck of a user with a plurality 
of different circuitry configured to provide mobile wireless 
operation. In the non-limiting embodiments shown in FIG. 
3, the communication device 152 has at least one battery 160 
that provides electrical power to the various active and 
passive aspects of the device 152. It is contemplated that the 
battery 160 is removable and/or rechargeable, such as via a 
charging port on the exterior of the communication device. 
In some embodiments, the first wireless connection 156 is a 
secured wireless pathway, such as a Bluetooth pathway, that 
is facilitated by a secured wireless processor 162 and at least 
one secured wireless antenna 164 to provide 8-64 bit stream-
ing digital audio from an audio source 166, such as a local 
memory card like an SD card or a wireless internet connec-
tion. 

The use of a secured wireless connection 156 can provide 
a single audio stream to the monitor 154, but stereo audio 
reproduction with multiple monitors 154 is difficult with 
high latency rates. Thus, the communication device 152 is 
configured with a near field magnetic induction (NFMI) 
processor 168 and may use one or more NFMI boosters 170 
that establish an NFMI wireless connection 158 via one or 
more NFMI antennae, which may include first 172 and 
second 174 NFMI antennae. It is noted that the NFMI 
connection 158 is immune to radio frequencies and has a 
short range with low power consumption by communicating 
via non-propagating magnetic fields. Although not required 
when a single NFMI antenna is employed, the utilization of 
multiple NFMI antennae 172 and 174 provides diversity that 
allows concurrent, individual, and redundant operation to 
one or more monitors 154 to provide stereo audio reproduc-
tion with 5 ms of latency or less. 

The concurrent use of different wireless connections 156 
and 158 between the communication device 152 and moni-
tor 154 allows each monitor 154 to utilize multiple different 

4 
signals to produce at least CD quality audio, such as 44.1 
kHz 16 bit audio, via one or more driver arrays 176. The 
monitor 154 is constructed with an audio processor 178 that 
is powered by at least one battery 180 that can be recharged 

5 and/or removed at will. The audio processor 178 may be 
adapted to provide the production of audio via the driver 
array 176 as well as the reception of audio via one or more 
microphones, such as an ambient microphone 182. That is, 
the audio processor 178 can consist of several different audio 

10 circuits, such as an analog-to-digital converter, digital-to-
analog converter, and amplifier, to concurrently or indepen-
dently produce audio to a user or collect audio from the user 
and/or the environment around the user. 

The incorporation of a microphone 182 can allow the 
15 monitor 154, alone or in combination with the communica-

tion device 152, to reduce or eliminate background noise 
either passively or actively. In other words, the microphone 
182 can indicate the noise present around a user and allow 
the audio processor 178 to generate countermeasures to 

20 reduce the amount, volume, and/or severity of the noise, 
which enhances the user's audio listening experience. Each 
monitor 154 is equipped with means to establish, transmit, 
and receive Bluetooth and NFMI signals. Such means may 
consist of at least a secured wireless processor 184, secured 

25 wireless antenna 186, NFMI processor 188, and NFMI 
antenna, which may be a single NFMI antenna or the first 
190 and second 192 NFMI antennae displayed in FIG. 3. 

With the various components and circuitry of the com-
munication device 152 and monitor 154, the first 156 and 

30 second 158 wireless connections can be established and 
maintained to provide stereo audio reproduction without the 
monitor 154 being wired to another monitor 154 or the 
communication device 152. It is noted that the NFMI 
processor 188 may be a transceiver that can concurrently or 

35 independently transmit and receive signals and functions 
from a common semiconductor chip. The lack of any 
external wires extending from the monitor 154 provides 
increased user comfort and listening experience as an ear 
canal portion of the monitor 154 can be custom fitted, or 

40 generically molded, without worrying about the where wires 
are going to be positioned relative to a user's ear. As such, 
the ear canal can be sealed by the wireless monitor 154 
better than an in-ear headphone having wires extending from 
the user's ear. 

45 FIG. 4 is a block representation of an example monitor 
microphone system 200 that may be employed in a wireless 
audio system in accordance with various embodiments. The 
microphone system 200 can have one or more monitor 
microphone circuits 202 that have one or more signal inputs 

so into an in-ear, on ear, or over ear monitor. For example, the 
microphone circuitry 202 can have first 204 and second 206 
NFMI antennae to input NFMI signals to an NFMI receiver 
208. As another non-limiting example, the microphone 
circuitry 202 can consist of a cable input 210 that allows 

55 cables, such as 2.5-4.4 mm diameter input/output connectors 
that may be balanced, to be connected to provide wired 
operation that may be conducive to assorted situations, such 
as high amplification environments and locations where 
wireless communication is restricted, like on airplanes. The 

60 ability to connect cables further allows a user to convert 
from wireless to wired operation without having to install or 
change a wireless communication add-on, such as a wireless 
transmitter. 

The cable input 210 may be configured to allow an add-on 
65 cable to provide an array of different inputs to the micro-

phone 200 as well as the wireless audio system. For 
example, the cable input 210 may be engaged to provide 
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controls, such as an additional voice microphone, as well as 
direct wired connection to one or more monitors that can 
provide amplified direct audio. It is contemplated that a 
secondary input 212 is present on the microphone circuitry 
200 or the communication device that may operate indepen-
dently and concurrently with the cable input 210 to provide 
supplemental capabilities, such as an external power con-
nection that recharges the wireless audio system, pass-
through audio, voice recognition, and active noise reduction. 
The inputs 210 and 212 can be adapted for wired and/or 
wireless connection with audio sources directly, such as 
cellular phones, watches, tablets, and laptop computers, 
instead of the audio source being connected to the commu-
nication device 152. A long range wireless circuit 214 can 
provide extended range for the monitor and independent 
wireless connections, such as cellular, irrespective of the 
connections established with the communication device 152. 

The physical configuration of a monitor can be adapted to 
allow a microphone extension 216 to be attached. A micro-
phone extension 216 can be any shape and size, but in 
various embodiments is a combination of boom microphone 
that continuously extends proximal a user's mouth from an 
ear hook that secures the wireless monitor into the user's ear. 
It is contemplated that a microphone extension has an 
auxiliary battery that can be removed and/or recharged to 
provide additional life to the wireless monitor. The ability to 
configure a monitor with one or more microphones and 
inputs that generate audio signals is facilitated by an A/D 
converter that translates received signals into digital com-
munication that can be processed for enhancement, ampli-
fication, and/or cancellation. 

FIG. 5 depicts a line representation of a portion of an 
example wireless audio system 220 constructed and oper-
ated in accordance with some embodiments. As shown, a 
communication device 222 is positioned proximal the neck 
224 of a user 226. The communication device 222 may be 
adapted to fit around the neck 224 of the user 226, which 
may, or may not, involve contact with a shoulder 228 of the 
user 226. Despite the close physical proximity, the commu-
nication device 222 is physically separated from first 230 
and second (not shown) in-ear monitors that are each 
wireless and respectively positioned in contact with the ear 
canal of the user 226. 

While the first 230 and second in-ear monitors are wire-
less and have no external wires, a user may, in various 
embodiments, attach one or more auxiliary extensions 232 
to the respective monitors 230 to provide additional fitment 
and features. A non-limiting example of an auxiliary exten-
sion 232 is the microphone extension 214 of FIG. 4. In the 
non-limiting embodiment shown in FIG. 5, the auxiliary 
extension 232 continuously extends from each in-ear moni-
tor 230 around the forward helix 234 of the user's ear 236 
to a position below the user's head 238 and proximal the 
user's neck 224. The shape, size, and position of the 
auxiliary extension 232 can be tuned, without limitation, to 
provide comfort specific to certain activities, such as playing 
sports like golf. 

The auxiliary extension 232 may also be tuned to provide 
an electrical circuit 240 to support one, or both, in-ear 
monitors 230. In some embodiments, the electrical circuit 
240 is physically secured to the user via one or more clips, 
clasps, and/or surfaces to provide an additional battery while 
other embodiments provides an NFMI booster to strengthen 
the signal and reduce latency between the in-ear monitors 
230. It is contemplated that the user 226 can selectively 
remove the auxiliary extension 232 from the in-ear monitors 

6 
230, which provides the ability to utilize the physical and 
electrical aspects of the auxiliary extension 232 at will. 

The auxiliary extension 232 may have multiple intercon-
nected modular pieces that physically and/or electrically 

5 interconnect to provide additional comfort and/or optimized 
wireless audio reproduction from the in-ear monitors 230. 
For instance, a secondary portion 242 can selectively attach 
to a band 244 of the auxiliary extension 232 to provide 
control circuitry 244 in an easy accessible region of the 

10 user's shoulder 228. It is noted that the control circuitry 246 
may consist of any number of sensors, such as buttons, 
microphones to receive voice commands, and proximity 
sensors to detect hand gestures as audio reproduction con-
trols. The position of the control circuitry 246 may be 

15 adapted to provide stand-alone or additional microphones 
that facilitate the wireless audio system 220 being employed 
to record and/or transmit the user's speech. 

The ability to modularly interconnect the auxiliary exten-
sion 232 with the secondary portion 242 allows the wireless 

20 audio system 220 to be adapted to a diverse range of user 
preferences for performance, fitment, and capabilities. It is 
noted that the various aspects of the wireless audio system 
220 shown in FIG. 5 do not electrically interconnect the 
in-ear monitors 230 with a communication device, which 

25 may be worn on a user's belt or present in the pocket or 
purse of the user 226. However, it is contemplated that the 
communication device is secured proximal the user's neck 
224, such as with a clip or magnetic clasp, without electri-
cally being connected to the auxiliary extension 232 or 

30 in-ear monitors 230. 
FIG. 6 is a top view line representation of a portion of an 

example secondary portion 260 that may be incorporated 
into a wireless audio system in accordance with various 
embodiments. The secondary portion 260 consists of a 

35 protrusion 262 that can be flexible, rigid, or semi-rigid and 
extend from a control box 264. The protrusion 262 may be 
a wire, tube, or combination thereof that allows a user to 
adjust the fitment and position of the control box 264 
proximal the user's neck or shoulder. Although the protru-

40 sion 262 may provide ample stability for the control box 
264, one or more securement features 266 can attach the 
protrusion 262 and/or control box 264 to a user's garment, 
such as a shirt, coat, backpack, and scarf with any variety of 
mechanical, friction, and magnetic clips, clasps, or surfaces. 

45 The control box 264, in some embodiments, has an 
ambient microphone 268 for enhanced noise reduction in 
combination with a voice microphone 270 that provides 
enhanced voice signal clarity and strength. It is noted that 
the microphones 268 and 270 of the control box 264 may be 

so processed individually or in concert with one or more 
microphones present in in-ear monitors positioned in a 
user's ear. Likewise, the control box 264 may have at least 
one control sensor 272 that allows the user to interact with 
the wireless audio system. For instance, any number of 

55 buttons, knobs, slides, and surfaces can be used to allow the 
user to manipulate the function of the wireless audio system. 
By placing the control box 264 away from the user's ear, 
control and performance of the wireless audio system can be 
more efficiently executed compared to if the user would have 

60 to reach the in-ear monitor or communication device stored 
in a pocket, for example. 

FIG. 7 displays a side view line representation of a portion 
of an example auxiliary extension 280 that can be selectively 
attached to an in-ear monitor in accordance with assorted 

65 embodiments. The auxiliary extension 280 has a cable 282 
that may be flexible or rigidly secured in an encasement. The 
cable 282 extends from an ear hook portion 284 that is 
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adapted to rest in contact with the forward pima portion of 
the user's ear along with a portion of the user's head. The ear 
hook portion 284 can counteract gravity and provide 
increased securement of an in-ear monitor in addition to 
increased comfort when the ear hook portion 284 is shaped 
by the user or by a professional fitter. 

In some embodiments, the ear hook portion 284 has one 
or more controls 286, such as buttons or sensors. In other 
embodiments, the ear hook portion 284 comprises at least 
one microphone 288 configured to allow pass-through audio 
that optimizes a user's listening experience. That is, a 
pass-through microphone 288 can collect background and 
environment sounds that are reproduced via the in-ear 
monitor to engage the user in the surrounding environment. 
As an example, the pass-through microphone 288 can allow 
a wireless audio system to act as hearing protection by 
reducing exterior sounds, act as hearing enhancement by 
increasing exterior sounds, and act as a conduit to allow the 
user to listen to audio signals without being disconnected 
with the surrounding environment. 

It is contemplated that the ear hook portion 284 has one 
or more vibration sensors 290 tuned to recognize and discern 
a user's jaw movement to distinguish commands, speech, 
and clinical conditions. For instance, a vibration sensor 290 
can operate in concert with predictive and/or reactive soft-
ware resident in the communication device to sense when a 
user is speaking, moving a mandible to execute a command, 
whispering, or grinding teeth, which can be used to optimize 
audio reproduction by adjusting audio volume, suspending 
audio playback, and/or recognizing commands that would 
not be accurately recognized by microphones or sensors 
positioned distal the user's jaw. 

The ear hook portion 284 is shown with a physical 
connector 292 that establishes an electrical connection with 
the in-ear monitor. The connector 292 may be a standardized 
configuration, such as an MMCX, IEM 2-pin connector, or 
may be an inductive connector that employs magnetic 
surfaces to secure the ear hook portion 284 and establish an 
electrical connection. It is contemplated that the connector 
292 is selectively attachable and can be disconnected at will 
without degrading or interrupting the operation of an in-ear 
monitor. 

FIG. 8 is a flowchart of an example stereo wireless audio 
reproduction routine 300 that can be executed by a wireless 
audio system with a pair of wireless monitors and at least 
one communication device. The routine 300 begins by 
physically configuring a wireless audio system. Decision 
302 evaluates if an auxiliary extension is to be incorporated 
into the wireless audio system. If so, step 304 attaches an 
auxiliary extension to at least one in-ear monitor. Step 304 
may additionally involve shaping the auxiliary extension to 
provide a custom, comfortable fit. The inclusion of the 
auxiliary extension allows decision 306 to determine if a 
secondary portion is to be attached. Confirmation of deci-
sion 306 advances to step 308 where at least one secondary 
portion is physically and electrically connected to the aux-
iliary extension. 

It is noted that steps 304 and 308 can individually or 
collectively secure the auxiliary extension and/or secondary 
portion to one or more articles of clothing of a user via clips, 
clasps, magnets, and pins. In a non-limiting example, the 
auxiliary extension is magnetically secured to the collar of 
a user's shirt and the secondary portion is secured in place 
via a high friction surface that contacts the user's shirt. In the 
event decision 302 or 304 do not incorporate additional 
physical structure, step 310 positions in-ear monitors into 
respective left and right ears of the user so that an ear tip 

8 
portion of each monitor is in contact with an ear canal. It is 
contemplated that one, or both, in-ear monitors are secured 
in the user's ear via seals, tips, hooks, loops, and protrusions 
that engage various portions of the user's ear, such as the 

5 helix and tragus. 
With the respective in-ear monitors positioned in the 

user's ears, a communication device is positioned proximal 
the user in step 312 to form first and second wireless 
connections with each of the left and right in-ear monitors. 

10 It is contemplated that the communication system and in-ear 
monitors are configured to recognize installation and auto-
matically turn on when positioned within a certain distance, 
such as four feet. Such automatic activation may also 
automatically or manually initiate stereo audio reproduction 

15 via the in-ear monitors in step 314. Although not limiting, 
transmitting audio signals from the communication device 
via secured wireless signals and coupling the respective 
in-ear monitors via NFMI signals emanating from one or 
more NFMI antennae facilitate stereo audio reproduction. 

20 The stereo audio reproduction may involve listening to 
music or speech provided by an audio source, conducting 
cellular communications, or performing at a concert with 
feedback audio. At some point after stereo audio reproduc-
tion is initiated in step 314, step 316 proceeds to recognize 

25 a user command, such as a gesture, voice command, or 
button contact, that is recognized and results in step 318 
altering the audio reproduction in accordance with the 
command. For example, the user command in step 316 may 
adjust volume, audio source, system function, or turn off. 

30 It is to be understood that even though numerous char-
acteristics of various embodiments of the present disclosure 
have been set forth in the foregoing description, together 
with details of the structure and function of various embodi-
ments, this detailed description is illustrative only, and 

35 changes may be made in detail, especially in matters of 
structure and arrangements of parts within the principles of 
the present technology to the full extent indicated by the 
broad general meaning of the terms in which the appended 
claims are expressed. For example, the particular elements 

40 may vary depending on the particular application without 
departing from the spirit and scope of the present disclosure. 

Although not required or limiting, various embodiments 
physically separate in-ear monitors without any wires 
extending therebetween. An ambient microphone array can 

45 be incorporated into a monitor, communication device, or 
both, to provide feedback to user, cancel noise, allow voice 
engagement, and optimize listening sound with respect to 
the exterior environment, such as by automatically adjusting 
volume, bass, or pressure in response sensed conditions. 

so One or more rechargeable batteries can provide power to 
a monitor, microphone, and/or communication device. A 
monitor can be configured with a driver array that consists 
of more than one different audio driver, such as a dynamic 
driver combined with a balanced armature driver. At least 

55 one audio processor may be incorporated into an audio 
system. An audio processor may be an amplifier digital-to-
analog converter (DAC), a digital equalizer, an ambient 
microphone controller, voice recognition software, and an 
audio encryption controller. 

60 What is claimed is: 
1. An apparatus comprising a communication device 

connected to a first audio reproducing monitor via a first 
wireless pathway and to a second audio reproducing monitor 
via a second wireless pathway, each wireless pathway com-

65 municating between a first near field magnetic induction 
(NFMI) antenna of the communication device and a first 
NFMI receiver positioned in each of the respective audio 
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reproducing monitors to provide stereo audio reproduction 
with 5 ms or less of signal latency, the first audio reproduc-
ing monitor comprising a second NFMI antenna connected 
to a second NFMI receiver of the communication device via 
a third wireless pathway, the second audio reproducing 
monitor comprising a third NFMI antenna connected to the 
second NFMI receiver via a fourth wireless pathway. 

2. The apparatus of claim 1, wherein the communication 
device has a first NFMI processor connected to the first 
NFMI antenna and each audio reproducing monitor has a 
second NFMI processor respectively connected to the sec-
ond and third NFMI antennae. 

3. The apparatus of claim 1, wherein the communication 
device is physically separated from each audio reproducing 
monitor. 

4. The apparatus of claim 1, wherein the third wireless 
pathway is concurrently present between the communication 
device and the first audio reproducing monitor while the 
fourth wireless pathway is present between the communi-
cation device and the second audio reproducing monitor. 

5. The apparatus of claim 1, wherein the first and third 
wireless pathways concurrently redundant transmit signals 
between the communication device and the first audio 
reproducing monitor and the second and fourth wireless 
pathways concurrently transmit redundant signals between 
the communication device and the second audio reproducing 
monitor. 

6. The apparatus of claim 1, wherein the third and fourth 
wireless pathways are each Bluetooth secured wireless path-
ways. 

7. The apparatus of claim 1, wherein an NFMI micro-
phone is wirelessly connected to the communication device 
via a fifth wireless pathway. 

8. The apparatus of claim 7, wherein the NFMI micro-
phone is physically attached to the first audio reproducing 
monitor. 

9. The apparatus of claim 7, wherein the NFMI micro-
phone has a cable port electrically connected to a source, the 
source being physically and electrically separate from the 
communication device. 

10. The apparatus of claim 9, wherein the source is a 
battery. 

11. A system comprising: 
a communication device; 
a first audio reproducing monitor connected to the com-

munication device via a first wireless pathway; 
a second audio reproducing monitor connected to the 

communication device via a second wireless pathway, 
each wireless pathway communicating between a near 
field magnetic induction (NFMI) antenna and a NFMI 

10 
receiver to provide stereo audio reproduction with 5 ms 
or less of signal latency; and 

an extension physically attached to the first audio repro-
ducing monitor and continuously extending to an area 

5 below a head of a user, the extension being physically 
separate from the communication device. 

12. The system of claim 11, wherein the extension con-
sists of at least one electrical circuit. 

13. The system of claim 12, wherein the electrical circuit 
10 comprises a wireless signal booster. 

14. The system of claim 12, wherein the electrical circuit 
is a battery. 

15. The system of claim 11, wherein the extension com-
prises one or more buttons configured to alter the first and 

15 second wireless pathways. 
16. The system of claim 11, wherein the extension com-

prises a microphone wirelessly connected to the communi-
cation device via a third wireless pathway. 

17. The system of claim 11, wherein the extension com-
20 prises a proximity sensor configured to detect hand gestures 

of the user. 
18. The system of claim 11, wherein the extension com-

prises a vibration sensor configured to detect when the user 
is speaking. 

25 19. A method comprising: 
connecting a communication device connected to a first 

audio reproducing monitor via a first wireless pathway; 
forming a second wireless pathway between the commu-

nication device and a second audio reproducing moni-

30 tor, each wireless pathway communicating between a 
first near field magnetic induction (NFMI) antenna in 
the communication device and a first NFMI receiver in 
the respective audio reproducing monitors; 

connecting a second NFMI antenna of the communication 

35 device to a second NFMI receiver of the first audio 
reproducing monitor via a third wireless pathway; 

forming a fourth wireless connection between the second 
NFMI antenna and a third NFMI receiver of the second 
audio reproducing monitor, the first and second wire-

40 less pathways concurrently transmitting different left 
and right audio signals, the third and fourth wireless 
connections concurrently transmitting a matching sig-
nal; and 

reproducing an audio signal in stereo with the first and 

45 second audio reproducing monitors with 5 ms or less of 
signal latency. 

20. The method of claim 19, wherein the communication 
device is positioned on a user while being physically sepa-
rated from each audio reproducing monitor. 

* * * * * 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 9,866,966 B2 
APPLICATION NO. : 15/160689 
DATED : January 9, 2018 
INVENTOR(S) : Phillip Dale Lott 

Page 1 of 1 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

In the Specification 

Column 7, Line 1: 
"forward pima portion" should read "forward pima portion" 

Column 8, after Line 59, insert the following two paragraphs: 
--An NFMI processor, such as processor 168 of Fig. 3, can have a music synergy controller, multiple 
different frequencies with different antennae, split audio frequencies among antennae (<500Hz or 
>500Hz), selective antenna activation (high security mode), switching between near/far field for one 
antenna, specific broadcast wave and frequency ranges, local memory to be local cache for <5ms 
latency, and single Ear Use with secure & radio frequency interference immunity. 
The communication device can be characterized, in some embodiments, as an NFMI belt pack that is 
physically separate from audio source and monitors. The communication device may have a field 
booster, multiple antennae, Bluetooth connection capabilities concurrently with NFMI connectivity, 
charging port for monitors, a position around the neck of a user, a position in shoe, watch, shirt, and 
hat of a user, stereo NFMI, and NFMI extendable from the communication device.--

Signed and Sealed this 
Tenth Day of April, 2018 

Andrei Tanen 
Director of the United States Patent and Trademark Office 
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