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STEREO AUDIO HEADPHONE APPARATUS 
FOR AUSER HAVINGA HEARING LOSS AND 

RELATED METHODS 

FIELD OF THE INVENTION 

The present invention relates to the field of stereo audio, 
and, more particularly, to stereo audio headphone devices and 
related methods. 

BACKGROUND OF THE INVENTION 

A portable stereo audio playing device has become increas 
ingly popular among people for entertainment. For example, 
a person may use a portable stereo audio playing device for 
entertainment while exercising at a gym, during a period of 
long travel, or during periods of inactivity. 
A typical portable stereo audio playing device may include 

a housing and a memory for storing digital music data. The 
portable audio playing device may also include a controller 
for playing back the stored digital music data. Inputs for 
controlling the music selection and output Volume, for 
example, may be carried by the housing. A port for coupling 
wired headphones or earphones for audio output is also typi 
cally carried by the housing. One example of a portable stereo 
audio playing device may be the Ipod(R) from the Apple Cor 
poration of Cupertino, Calif. 

Another type of portable stereo audio playing device may 
include a pair of housings, each one of the pair worn over a 
respective ear of a user. Headphones or earphones (audio 
output transducers) may be integrated into the housings. A 
structural support member that is worn on a user's head, or 
extends around a user's head, typically couples the housings. 
The structural support member may also interfere with a 
person’s mobility, for example, while exercising, and more 
particularly, if protective head equipment is worn, for 
example. 

U.S. Patent Application Publication No. 2007/0037615 to 
Glezerman discloses first and second earpieces. The first ear 
piece includes a speaker and a first module for communicat 
ing with an electronic device, for example, a cellular phone. A 
second module transmits a signal to a second earpiece. The 
second earpiece includes a receiver to receive signals from the 
second module and a speaker. 

U.S. Pat. No. 7,206,429 to Vossler discloses an audio 
player that includes a first ear module that includes compo 
nents (speaker, microphone, memory, battery) for playing 
digital music. The ear module is coupled to a hub, which is 
worn on the lobe of the ear and can provide digital audio 
signals to the ear module, as well as interface with peripheral 
devices. Such as Bluetooth transceivers. A second ear module 
may be provided and may coordinate with the first ear module 
to play audio via wireless communication provided by a 
peripheral device, within the ear modules themselves, or 
within the hub. In some embodiments, the circuitry in the hub 
is disclosed as being incorporated in the housings. 

Still further, a typical portable stereo audio playing device 
may not address a user's hearing shortcomings. For example, 
a typical portable stereo audio playing device may not include 
detailed adjustments for Sound quality beyond Volume, bass, 
and treble. More particularly, a person that may have hearing 
loss for example, may not be able to hear or enjoy audio 
played from a typical audio playing device, or listen to music 
having a reduced quality. 

Moreover, a typical portable audio playing device may not 
address fitment. In other words, a typical portable stereo 
audio playing device may not increase comfort, reduce strain 
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2 
on the physical ear, and reduce stress within an ear canal, 
while improving audio quality, especially for a person that 
Suffers from hearing loss. 

SUMMARY OF THE INVENTION 

In view of the foregoing background, it is therefore an 
object of the present invention to provide frequency equalized 
Stereo audio to a hearing impaired user. 

This and other objects, features, and advantages in accor 
dance with the present invention are provided by a stereo 
audio headphone apparatus for a user having hearing loss that 
may include a master headphone unit including a master 
housing to be independently carried behind an ear of the user, 
and master circuitry carried by the master housing. The mas 
ter circuitry may include a stereo audio source and a wireless 
transmitter coupled thereto. The master headphone unit may 
also include a master audio output device carried by the 
master housing and coupled to the master circuitry for play 
ing a first stereo audio channel from the Stereo audio source. 
The stereo audio headphone apparatus may also include a 

slave headphone unit including a slave housing to be inde 
pendently carried behind another ear of the user, and slave 
circuitry carried by the slave housing. The slave circuitry may 
include a wireless receiver cooperating with the wireless 
transmitter. The slave headphone unit may also include a 
slave audio output device carried by the slave housing and 
coupled to the slave circuitry for playing a second stereo 
audio channel from the stereo audio Source. 
The stereo audio headphone apparatus may also include 

first and second independently settable frequency equalizers 
for the first and second stereo audio channels to permit inde 
pendent selection of frequency equalization to compensate 
for the hearing loss of the user. Accordingly, the stereo audio 
headphone apparatus provides frequency equalized stereo 
audio to a hearing impaired user. 
The first independently settable equalizer may be carried 

by the master housing, for example. The second indepen 
dently settable equalizer may also be carried by the slave 
housing. Alternatively, the first and second independently 
settable equalizers may be both carried by the masterhousing. 
The master headphone unit may further include a master 

audio input device carried by the masterhousing and coupled 
to the master circuitry. The master circuitry may be operable 
in a pass-through mode with audio sensed by the master audio 
input device being delivered to the master audio output device 
via the first independently settable equalizer, for example. 
The slave headphone unit may similarly include a slave audio 
input device carried by the slave housing and coupled to the 
slave circuitry. The slave circuitry may also be operable in the 
pass-through mode with audio sensed by the slave audio input 
device being delivered to the slave audio output device via the 
second independently settable equalizer, for example. 
The master circuitry may also be operable in an impulse 

noise rejecting pass-through mode to reject impulse noise. 
The slave circuitry may also be operable in the impulse noise 
rejecting pass-through mode. 
The master audio output device may include a master elec 

trical-to-acoustical (E/A) transducer and a master audio 
delivery tube having a proximal end coupled to the master 
E/A transducer and a distal end to be positioned adjacent an 
ear canal of the user, for example. The slave audio output 
device may include a slave E/A transducer, and a slave audio 
delivery tube having a proximal end coupled to the slave E/A 
transducer and a distal end to be positioned adjacent another 
ear canal of the user. The master audio output device may 
further include a master earfitting coupled to the distal end of 
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the master audio tube, and the slave audio output device may 
further include a slave ear fitting coupled to the distal end of 
the slave audio tube, for example. 

The master audio delivery tube may be selectively extend 
ible from adjacent portions of the master housing. The slave 
audio delivery tube may also be selectively extendible from 
adjacent portions of the slave housing, for example. 

Alternatively, the master audio output device may include 
a master electrical-to-acoustical (E/A) transducer to be posi 
tioned adjacent an ear canal of the user, for example. The 
slave audio output device may also include a slave E/A trans 
ducer to be positioned adjacent another ear canal of the user. 
The master audio output device may also include a master 

ear fitting coupled to the master E/A transducer. The slave 
audio output device may also include a slave ear fitting 
coupled to the slave E/A transducer. 
The master housing may have an arcuate shape. The slave 

housing may also have an arcuate shape, for example. The 
Stereo audio headphone apparatus may also include a remote 
control unit operatively coupled to at least one of the master 
and slave headphone units, such as via a wired or wireless 
link, for example. 
The masterheadphone unit may include a master recharge 

able power supply coupled to the master circuitry. The slave 
headphone unit may also include a slave rechargeable power 
Supply coupled to the slave circuitry. The stereo audio head 
phone apparatus may also include a recharging station to 
receive the master and slave headphone units for recharging 
the master and slave rechargeable power Supplies, respec 
tively, for example. 
A method aspect is directed to a method for compensating 

for hearing loss of a user. The method may include providing 
a master headphone unit including a master housing to be 
independently carried behind an ear of the user, master cir 
cuitry carried by the master housing and including a stereo 
audio Source and a wireless transmitter coupled thereto, and a 
master audio output device carried by the master housing and 
coupled to the master circuitry for playing a first stereo audio 
channel from the Stereo audio source. 
The method may also include providing a slave headphone 

unit including a slave housing to be independently carried 
behind another ear of the user, slave circuitry carried by the 
slave housing and including a wireless receiver cooperating 
with the wireless transmitter, and a slave audio output device 
carried by the slave housing and coupled to the slave circuitry 
for playing a second stereo audio channel from the stereo 
audio source, for example. The method further includes inde 
pendently setting first and second independently settable fre 
quency equalizers for the first and second stereo audio chan 
nels to compensate for the hearing loss of the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational view of a stereo audio headphone 
apparatus in accordance with the present invention. 

FIG. 2 is schematic block diagram of the stereo audio 
headphone units of the apparatus of FIG. 1. 

FIG. 3 is a rear elevational view of a stereo audio head 
phone of FIG. 1. 

FIG. 4 is a bottom view of the stereo audio headphone of 
FIG. 3. 

FIG. 5a-5b are graphs of a hearing threshold across differ 
ent frequencies for a user's left and right ears. 

FIG. 6 is a schematic diagram of the stereo audio head 
phone apparatus of FIG. 1 positioned in a recharging station 
and coupled to a personal computer in accordance with the 
present invention. 
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4 
FIG. 7 is a partial cross-sectional view of a user's ear with 

a stereo audio headphone unit coupled thereto in accordance 
with the present invention. 

FIGS. 8a-8care side elevational views of different embodi 
ments of removably coupled ear inserts of the stereo head 
phone apparatus of FIG. 1. 

FIG. 9 is a schematic block diagram of another embodi 
ment of the stereo audio headphone apparatus in accordance 
with the present invention. 

FIG.10 is a side elevational view of another embodiment of 
a stereo audio headphone unit in accordance with the present 
invention. 

FIG. 11 is an enlarged cross-sectional view of the stereo 
audio delivery tube and housing of the stereo audio head 
phone unit of FIG. 10. 

FIG. 12 is a side elevational view of another embodiment of 
a stereo audio headphone unit in accordance with the present 
invention. 

FIG. 13 is an enlarged cross-sectional view of another 
embodiment of the stereo audio headphone unit of FIG. 10. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein. Rather, these embodiments are pro 
vided so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements through 
out, and prime notation is used to indicate similar elements in 
alternative embodiments. 

Referring initially to FIGS. 1-4, a stereo audio headphone 
apparatus 20 for a user having hearing loss illustratively 
includes a master headphone unit 30 that, in turn, includes a 
master housing 31 independently carried behind an ear 38 of 
the user. The master housing 31 is a behind the ear (BTE) 
housing and is arcuate in shape. The master housing 31 fits 
over the root of the helix of the user's ear, as will be appre 
ciated by those skilled in the art. The master housing 31 may 
be another type of housing, for example, an in-the-canal 
housing. 

Master circuitry 32 is carried by the master housing 31. The 
master circuitry includes a stereo audio source 33 and a wire 
less transmitter 34 coupled thereto. The stereo audio source 
33 may be a memory, for example, and may storestereo audio 
data. The memory may be fixed or may be removable, for 
example, a secure digital (SD) memory card. Other types of 
memory, may be used. 
The stereo audio data that may be stored in a memory or 

provided by the stereo audio source may be mpeg layer 3 
(mp3) encoded data, for example. Other types of stereo audio 
data or other data may be stored in the memory. 
The stereo audio source 33 may be a stereo audio wireless 

receiver. For example, the stereo audio wireless receiver may 
be a frequency modulation (FM) stereo receiver and may 
transmit stereo FM radio. The stereo audio wireless receiver 
may also be a satellite receiver for receiving a stereo audio 
satellite transmission. Still further, the stereo audio wireless 
receiver may be a Bluetooth or wireless local area network 
(WLAN) receiver to wirelessly receive stereo audio there 
from, for example, as may be transmitted from a mobile 
wireless communications device (i.e. cellular telephone), or 
over an Internet transmission. The stereo audio wireless 
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receiver may be another type of wireless receiver, a combi 
nation of wireless receivers, and the stereo audio source 33 
may be a combination of a stereo audio wireless receiver 
and/or memory to provide stereo audio from more than one 
Stereo audio source. 
The master headphone unit 30 also includes a master audio 

output device 36 carried by the masterhousing 31. The master 
audio output device 36 is coupled to the master circuitry 32 
for playing a first stereo audio channel. The master audio 
output device 36 may be a master electrical-to-acoustical 
(E/A) transducer 46 (i.e. speaker). The master audio output 
device 36 and the portion of the master housing 31 carrying 
the master output device are adjacent the user's ear canal, i.e. 
the opening of the user's ear (FIG. 1). A master amplifier 44 
may cooperate with the stereo audio source 33 to amplify the 
first stereo audio channel for playback via the master audio 
output device. 

Input devices 37 are illustratively carried by the master 
housing 31. The input devices 37 may be push buttons and 
may be coupled to the master circuitry 32. The input devices 
37 may be for adjusting Volume, and stereo audio Source 
selection. For example, if the stereo audio source is a memory 
having stereo audio (music) stored thereon, a selected one of 
the input devices 37 may be for skipping to another song, or 
fast-forwarding through a song. Other types of input devices 
may be used and may correspond to different command and/ 
or function, as will be appreciated by those skilled in the art. 
The master headphone unit 30 also includes a master 

rechargeable power Supply 41 coupled to the master circuitry 
32 for providing power thereto. The master rechargeable 
power supply may be a rechargeable battery, for example, a 
nickel-cadmium (NiCad) or lithium ion (Li-ion) rechargeable 
battery. Other types of rechargeable power supplies may be 
used, as will be appreciated by those skilled in the art. 

The wireless transmitter 34 of the master circuitry 32 may 
operate in any one of different frequency ranges, for example, 
2.4 GHz or 5.8 GHZ, similar to cordless phones. The wireless 
transmitter may be a digital wireless transmitter, or an analog 
wireless transmitter. The wireless transmitter 34 cooperates 
with the stereo audio source 33 to transmit a second stereo 
audio channel to a slave headphone unit 60. 
The slave headphone unit 60 illustratively includes a slave 

housing 61. The slave housing 61 is illustratively similar to 
the masterhousing 31 in size and shape, but the slave housing 
is configured to be independently carried behind another ear 
68 of the user. 

Slave circuitry 62 is also carried by the slave housing 61 
and includes a slave wireless receiver 63 cooperating with the 
wireless transmitter 34. The slave wireless receiver 63 is 
configured to receive Stereo audio, or the second stereo audio 
channel transmitted from the wireless transmitter 34, and is 
configured at an operating frequency corresponding to the 
wireless transmitter. 

The slave headphone unit 60 also includes a slave audio 
output device 64. The slave audio output device 64 is carried 
by the slave housing 61 and coupled to the slave circuitry 62 
for playing the second stereo audio channel. As will be appre 
ciated by those skilled in the art, the slave housing 61, and the 
slave audio output device 64 may be similar to the corre 
sponding elements in the master headphone unit 30. For 
example, the slave audio output device 64 may also be an E/A 
transducer 76 that is positioned adjacent another ear canal of 
the user's other ear. Additional components present in the 
master headphone unit 30 may also be present in the slave 
headphone unit 60, for example, a slave rechargeable power 
supply 71, and slave input devices 67. A slave amplifier 74 
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6 
may also cooperate with the stereo audio received by the slave 
wireless receiver 63 to amplify it for playback via the slave 
audio output device 64. 
The master circuitry 32 also includes first and second inde 

pendently settable frequency equalizers 42, 43 for the first 
and second stereo channels to permit independent selection of 
frequency equalization to compensate for the hearing loss of 
the user. For example, the frequency equalization of a plural 
ity of frequency bands could be independently selected 
according to a users hearing loss parameters, as may be 
determined by an audiogram, for example. The first and sec 
ond independently settable frequency equalizers 42, 43 are 
illustratively both carried by the master housing 31. 

Alternatively or additionally, the frequency equalization 
may also be independently selected according to a user's 
personal acoustical preferences. Still further, alternatively or 
additionally, the frequency equalization may be indepen 
dently selected for Stereo audio fluctuation based upon a type 
of ear fitting, as will be described in further detail below. 

In some embodiments, for example, five to six bands of 
frequency equalization may be independently selected to 
accommodate hearing loss, and may also further accommo 
date personal acoustical preferences, and stereo audio fluc 
tuation. Of course, any number of bands of frequency equal 
ization may be independently selected to accommodate 
hearing loss. Independent selection of frequency equalization 
may include independently or selectively amplifying or 
attenuating a number of frequency bands. 

For example, where five bands of frequency equalization 
are to be independently selected, each frequency band may be 
equally divided and may be 3996 Hz wide from 20 HZ-20 
kHz, the audible spectrum. In some embodiments, the fre 
quency bands may be divided unequally. For example, the 
audible spectrum may be divided into bands from 20 HZ-3 
kHz, 3-4 kHz, 4-5 kHz, 5-8 kHz, and 8-20 kHz. As will be 
appreciated by those skilled in the art, a user's hearing is less 
sensitive to frequencies above 8 kHz and more sensitive to 
frequencies between 2-5 kHz, so it may be particularly advan 
tageous to include Smaller bands for independent selection 
frequency equalization in the 2-5 kHz range. Of course, each 
of the frequency bands may include any range of frequencies 
and be from any portion of the audible spectrum. 
As will be appreciated by a person skilled in the art, a user 

may have 30 to 40 dB of hearing loss across different portions 
of the audible spectrum, 20 HZ-20 kHz. A user with normal 
hearing may desire stereo audio, for example stereo music, at 
75 to 85 dB. The hearing impaired user may add 30 dB to 40 
dB of additional gain by independently selecting the fre 
quency equalization to 75 dB to 85 dB across selected fre 
quency bands to compensate for hearing loss. An overall 
output, for the user with hearing loss, of about 125 dB may be 
produced. In some instances, it may be possible to have an 
overall output of 135 dB to 140 dB based upon a type of ear 
fitting 45. 

Referring now additionally to the graphs 90.95 in FIGS.5a 
and 5b, respectively, independent hearing thresholds across 
different frequencies for a user's left and right ears are illus 
trated. A user's left ear measured hearing threshold 92 illus 
tratively decreases from a normal threshold level as frequen 
cies. As will be appreciated by those skilled in the art, a 
normal hearing level ranges from 0 to 25 dB, for example. 
Similarly, a user's right ear measured hearing threshold 97. 
also illustratively decreases from a normal threshold level as 
frequencies. 
To compensate for the user's hearing loss, the frequency 

equalization at different frequencies may be independently 
selected to a desired level 93, 96, For example, for a desired 
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equalization level of 20 dB for the user's left ear, an attenu 
ation of 15 dB of the band including 250 Hz, and a gain of 
about 80 dB of the band including 8 kHz would be needed. 
Additionally, for example, for a desired equalization level or 
hearing threshold level of 20 dB for the user's right ear, an 
attenuation of 10 dB of the band including 250 Hz, and again 
of about 75 dB of the band including 8 kHz would be needed. 
As will be appreciated by those skilled in the art, attenuating 
selected frequency bands may reduce distortion when the 
overall volume or gain across all frequencies is increased. Of 
course, other desired hearing threshold levels may be used, 
and the frequencies extending through the audible spectrum 
may be measured and independently equalized. 

Referring now additionally to the graphs 90,95in FIGS.5a 
and 5b, respectively, independent hearing thresholds across 
different frequencies for a user's left and right ears are illus 
trated. A user's left ear measured hearing threshold 92 illus 
tratively decreases from a normal threshold level as frequen 
cies. As will be appreciated by those skilled in the art, a 
normal hearing level ranges from 0 to 25 dB, for example. 
Similarly, a user's right ear measured hearing threshold 97. 
also illustratively decreases from a normal threshold level as 
frequencies. 

To compensate for the user's hearing loss, the frequency 
equalization at different frequencies may be independently 
selected to a desired level 93, 96. For example, for a desired 
equalization level of 20 dB for the user's left ear, an attenu 
ation of 15 dB of the band including 250 Hz, and a gain of 
about 80 dB of the band including 8 kHz would be needed. 
Additionally, for example, for a desired equalization level or 
hearing threshold level of 20 dB for the user's right ear, an 
attenuation of 10 dB of the band including 250 Hz, and again 
of about 75 dB of the band including 8 kHz would be needed. 
As will be appreciated by those skilled in the art, attenuating 
selected frequency bands may reduce distortion when the 
overall volume or gain across all frequencies is increased. Of 
course, other desired hearing threshold levels may be used, 
and the frequencies extending through the audible spectrum 
may be measured and independently equalized. 
The stereo audio headphone apparatus 20 illustratively 

includes a remote control unit 51 that is operatively coupled 
to the master headphone unit 30 (FIG. 1). The remote control 
unit 51 illustratively communicates with a master wireless 
receiver 35. Alternatively, the remote control unit 51 may 
communicate with the stereo audio source 33 when it is 
configured as a stereo audio wireless receiver of the stereo 
audio Source. The remote control unit 51 may also commu 
nicate with the slave wireless receiver 63, or a second slave 
wireless receiver (not shown). 

The remote control unit 51 may be a radio frequency (RF) 
remote control unit, or in some embodiments, the remote 
control unit may be an infrared (IR) remote control unit. 
Additionally, the remote control unit 51 may not be wireless 
and may be wired to either or both the master and slave 
headphone units 30, 60. 

The remote control unit 51 is configured to transmit com 
mands, for example, to the master wireless receiver 35. Com 
mands that may be transmitted include Volume, and stereo 
audio Source selection. For example, if the stereo audio 
Source 33 is a memory having music stored thereon, the 
remote controller 43 may send commands for skipping to 
another song, or fast-forwarding through a song. The remote 
control unit 43 may also send commands relating to the inde 
pendent selection of the frequency equalization for the first 
and second stereo audio channels. 
The remote control unit 51 also illustratively includes 

remote control unit input devices 52, for example, push but 
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tons, that correspond to the commands. The remote control 
unit 51 also includes a display 53 that may display informa 
tion about the stereo audio source 33, for example, a song title 
or artist, or information about the stereo audio headphones, 
for example, Volume and/or battery power remaining. The 
remote control unit 51 may advantageously send commands 
corresponding to ones of the input devices 37. Of course, the 
remote control unit 51 may send other commands and may 
display other information. 

Referring now additionally to FIG. 6, the stereo audio 
headphone apparatus 20 also includes a recharging station 81 
configured to receive the master and slave headphone units 
30, 60 for recharging the master and slave rechargeable power 
supplies 41, 71, respectively. The recharging station 81 
includes a power source connector 83 for coupling to a power 
Supply, for example, an electrical wall outlet. 

Illustratively, the recharging station 81 includes a pair of 
recharging station headphone unit connectors 82a, 82b for 
coupling to respective master and slave headphone unit 
recharging station ports 47, 67. The master and slave head 
phone unit recharging station ports 47.67 are carried by their 
respective housings 31, 61. More particularly, the master and 
slave headphone unit recharging station ports 47.67 are illus 
tratively recessed within their respective housings 31, 61. 
This advantageously reduces the overall size of each housing 
31, 61 and may also reduce Snagging for example, as opposed 
to a connector extending from the housing. Thus, a user's 
comfort is also increased. 
The recharging station 81 includes a recharging station 

data connector 82 for coupling to a personal computer 85, for 
example. Of course, the computer may be a portable com 
puter, or other type of communications device, for example, a 
mobile wireless communications device. The recharging sta 
tion data connector 84 may be a universal serial bus (USB) 
connector, and connect to a USB port of the personal com 
puter 85, for example. Other types of connectors or data buses 
may be used. 

Data communicated via the recharging station data con 
nector 84 may be sent to and stored in the stereo audio head 
phone units 30, 60 from the personal computer 85 when the 
Stereo headphone units are coupled to the recharging station 
81. More particularly, the first and second independently 
settable frequency equalizers 42, 43 for the first and second 
Stereo channels may be set to compensate for the user's hear 
ing loss via the personal computer 85. Other data, for 
example, Stereo audio data or data related thereto, may be 
loaded to the stereo audio source 33. 

Additionally, in the case of a USB data bus or cable, the 
power source connector 83 may not be needed, as charging 
may also be performed over the recharging station data con 
nector 84. Where the recharging station 81, including the 
master and slave stereo headphone units 30, 60 coupled 
thereto, are coupled to a personal computer 85, for example, 
a computer program stored on a computer-readable medium 
may be used to load the data. The computer-readable medium 
may include a physical drive or memory, as will be appreci 
ated by those skilled in the art. 

Referring now additionally to FIGS. 7-8, the master audio 
output device 36 may also include a master ear fitting 45 
coupled to the master E/A transducer 46 adjacent the user's 
ear canal 55. The master ear fitting 45 may be removably 
coupled to the master E/A transducer 37 for placement inside 
the ear canal 55 of the user. As will be appreciated by those 
skilled in the art, the removable master ear fitting 45 may be 
one of a plurality of interchangeable removable earfittings. A 
different removable master ear fitting may be desired for 
different applications, for example, exercise and a helmet 
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requiring activity, and based upon the Sound level of the 
environment, for example, a gym, or noisy activity. 
The master ear fitting 45 may be formed of a deformable 

elastomer. The master ear fitting 45 is flexible so that as a user 
talks or chews, the master ear fitting will flex with the user's 
mandible and with the movement of the external portion of 
the user's ear canal. The master ear fitting 45 may be formed 
of another material, as will be appreciated by those skilled in 
the art. 

Referring now more particularly to the master ear fitting 45 
in FIG. 8a, the master ear fitting illustratively has an elongate 
shape for extending further into the ear canal of a user 55. The 
elongate shape of the master ear fitting 45 advantageously 
reduces reflection of sound caused by the ear canal 55 and 
improves sound quality at lower frequencies. The master ear 
fitting 45 may extendabout 2-3 mm into the earcanalofa user 
55 and may be particularly advantageous for a user with more 
severe hearing loss. Because the master ear fitting 45, which 
fits at the first bend of the ear canal of the user is closer to the 
eardrum, less amplification may be needed for a user with 
hearing loss. 

Referring now more particularly to the master earfitting 45' 
in FIG. 8b, the master ear fitting is illustratively partially 
vented via an opening formed therein. The partial ventilation 
is particularly advantageous for a physically active user, for 
example. The ventilation allows air to penetrate the ear canal 
55, which helps prevent moisture build-up. As will be appre 
ciated by those skilled in the art, moisture build-up may 
reduce the quality and degrade the stereo audio, as well as 
provide discomfort for the user. In the case of a physically 
active user having a hearing loss, additional compensation for 
the hearing loss based upon moisture build-up may be not be 
needed. Additional openings may be provided and/or may be 
oriented differently as will be appreciated by those skilled in 
the art. In some instances, venting may be accomplished by 
configuring the master ear fitting 37 to be configured to have 
a diameter less than a diameter of the user's ear canal 55. 

Referring now more particularly to the master ear fitting 
45" in FIG. 8c, the master ear fitting is illustratively frusto 
conical in shape and may be particularly useful for loud 
environments or while riding a motorized vehicle. The frusta 
conical shape advantageously reduces external noises. 
Indeed, a user may listen to the stereo audio without having to 
increase the volume or in an effort to drown out the external or 
background noise. In the case of a user that suffers from 
hearing loss, this may reduce additional compensation for the 
hearing loss based upon the environmental noise. Of course, 
other ear fittings may be used, for example, an ear fitting may 
be formed for a user's ear based upon the amount of hearing 
loss and desired activities. 
The slave audio output device 64 also includes a slave ear 

fitting 75. The slave ear fitting is similar to the master ear 
fitting, and is coupled to the slave E/A transducer 76. As will 
be appreciated by those skilled in the art, while different 
embodiments of the master ear fitting 45 have been described 
above, the different embodiments of the master ear fitting are 
also applicable to the slave ear fitting for coupling to the slave 
E/A transducer 76. 

Referring now to FIG.9, in another embodiment, the mas 
ter headphone unit 30' may also include a master audio input 
device 48", for example, an audio input transducer or micro 
phone, carried by the master housing 31'. The master circuitry 
32' is also operable in a pass-through mode with the audio 
sensed by the master audio input device 48' being delivered to 
the master audio output device 36' via the first independently 
settable equalizer 42. The first independently settable equal 
izer 42 is illustratively carried by the master housing 31'. In 
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10 
other words, in the pass-through mode, the masterheadphone 
unit 30' functions similar to a hearing aid. 
The master circuitry 32 is also operable in an impulse 

noise rejecting pass-through mode. More particularly, the 
master circuitry may include an independent master audio 
impulse detector 49' to permit independent selection of fre 
quency equalization, or audio Volume, for a detected audio 
impulse detected from the master audio input device 48". For 
example, an audio impulse may include a backfire from a 
vehicle, a gunshot, or other impulse noise. The independent 
master audio impulse detector 49' advantageously can com 
press a loud audio impulse in a relatively Small time period, 
for example, a few milliseconds. For example, in the case of 
a gunshot, the associated audio impulse may be indepen 
dently compressed to a reduced sound level. 
As will be appreciated by those skilled in the art, indepen 

dent audio impulse detection advantageously reduces further 
hearing loss to a user that has hearing loss, or may reduce the 
chances of developing hearing loss inauser that may not have 
hearing loss. 

Still further, in the case where a user tilts their head toward 
their shoulder to fire a gun, the ear adjacent the user's shoul 
der may be more protected than the user's other ear, and thus 
may require less audio Volume compensation or audio Vol 
ume attenuation. Independent audio Volume compensation or 
attenuation based upon a detected impulse advantageously 
allows for audio Volume compensation or attenuation for each 
ear independently, for example. Moreover, the advantages of 
the independent audio impulse detection combined with the 
independent selection of frequency equalization to compen 
sate for hearing loss of a user may provide an appropriate or 
desired compensation level for the hearing impaired user, as 
compared to prior art stereo audio headphones. 
Of course, the master circuitry 32' may be selectively oper 

ated to provide one or a combination of the independent 
selection of frequency equalization of stereo audio data pro 
vided by the stereo audio source 33", independent selection of 
frequency equalization based upon a detected audio impulse, 
and independent selection of frequency equalization of the 
audio sensed by the master audio input device 48". 
The slave headphone unit 60' may also include a slave 

audio input device 78, for example, an audio input transducer 
or microphone, carried by the slave housing 61'. Similar to the 
master circuitry 32, the slave circuitry 62' is also operable in 
a pass-through mode with the audio sensed by the slave audio 
input device 48' being delivered to the slave audio output 
device 64 via the second independently settable equalizer 43'. 
The second independently settable equalizer 43' is carried by 
the slave housing 61'. The slave circuitry 62' may also include 
a slave audio impulse detector 79 and may also be operable in 
an impulse noise rejecting pass-through mode to reject 
impulse noise. Of course, the slave circuitry 62' may also be 
operated in conjunction with the master circuitry 32 to be 
operated in any or a combination of modes. 

Moreover, in this embodiment, since the second equalizer 
43' is carried by the slave housing 62, the wireless transmitter 
34" may also transmit commands relating to the independent 
selection of the frequency equalization for the second stereo 
audio channel to compensate for hearing loss of a user. The 
stereo audio from the stereo audio source 33" may also be sent 
in addition to the commands relating to the independent 
selection of the frequency equalization. Other commands, 
Such as those relating to the operation mode of the slave 
circuitry, for example, may also be sent. 

Referring now to FIGS. 10-11, another embodiment of the 
Stereo audio headphone apparatus for a user having hearing 
loss is illustrated. Illustratively, the master headphone unit 
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130 includes a master housing 131 that does not extend to the 
opening of the user's ear canal. Instead, the master housing 
131 ends at the front of the user's ear, or the root of the helix 
of the user's ear, as will be appreciated by those skilled in the 
art. 

The master audio output device 136 includes a master E/A 
transducer 146 and a master audio delivery tube 121. The 
master audio delivery tube 121 illustratively has a proximal 
end 122 coupled to the master E/A transducer 146, and a 
distal end 123 positioned adjacent the ear canal of the user. 
The master audio delivery tube 121 is illustratively round in 
shape. However, the master audio delivery tube 121 is not 
limited to a round shape. Other sizes and shapes of stereo 
audio carrying tubes may be used, and may depend on the 
extent and type of the user's hearing loss and desired appli 
cation. 
The master audio delivery tube 121 advantageously 

increases comfort to the user by allowing the use of a master 
ear fitting 145 that is smaller than the ear canal of the user to 
be used. Additionally, the master audio delivery tube 121 and 
corresponding master ear fitting 145 may also provide 
increased comfort in certain activities, for example, activities 
using a helmet. Indeed, the pressing of the hard plastic of the 
master housing 131 is reduced in the area in front of the ear. 
Additionally, using the master audio delivery tube 121 
reduces the overall weight of the master headphone unit 130, 
and thus may reduce the overall cost of manufacture. 
The master audio delivery tube 121 is selectively extend 

able from adjacent portions of the master housing 131 (FIG. 
10). More particularly, the master housing 131 illustratively 
has an opening formed therein to allow the master audio 
delivery tube 121 to slidably adjust to accommodate different 
sizes of a user's ear. In other words, the master audio delivery 
tube 121 is extendable for positioning within the opening of 
the ear canal, for example, adjacent the miadis. As will be 
appreciated, the proper fitment may provide additional com 
pensation for a user having a hearing loss. 
A master ear fitting 145 is coupled to the distal end 123 of 

the master audio delivery tube 121. The master ear fitting 145 
is illustratively sized to fit within the ear canal of the user and 
includes a plurality of openings therein for ventilation. 

Similar to the master audio output device 136, the slave 
audio output device (not shown) also includes a slave E/A 
transducer (not shown) and a slave audio delivery tube (not 
shown) having a proximal end coupled to the slave E/A trans 
ducer and a distal end to be positioned adjacent another ear 
canal of the user. 

Referring now to FIG. 12, in another embodiment the 
master ear fitting 145 has a curved shape and is positioned 
near the top of the user's ear canal. The master ear fitting 145 
does not entirely fill the user's ear canal to provide the ven 
tilation. Of course, with any of the embodiments described 
herein, other ear fittings may be used, for example, as 
described above with reference to FIGS. 7-8. 
A biasing clip 124' may be optionally coupled to the distal 

end 123' of the master audio delivery tube 121' and may sit in 
the conchal bowl of the user's ear, (i.e. the bottom of the 
opening of the user's ear) to improve security and fitment. 
The biasing clip 124' may be desirable for a user having a 
hearing loss that participates in impact sports or activities. As 
will be appreciated by those skilled in the art, the slave head 
phone unit (not shown) may be similarly configured. 

Referring now to FIG. 13, in another embodiment, the 
proximal end 122" of the master audio delivery tube 121" is 
removably coupled to the master E/A transducer 146". More 
particularly, the master audio delivery tube 121" is coupled to 
an external master audio delivery tube coupling port 125". 
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The external master audio delivery tube coupling port 125" 
may include a circumferential protrusion 126" for coupling to 
a corresponding circumferential cut 127" in the master audio 
delivery tube 121". As will be appreciated by those skilled in 
the art, different sized master audio delivery tubes may be 
used, both in length and diameter. Still further, other types of 
coupling arrangements between the master audio delivery 
tube 121" and the master E/A transducer 146" may be used. 
The slave headphone unit (not shown) may be configured 
similarly to the master headphone unit 130". 
A method aspect is directed to a method for compensating 

for hearing loss of a user. The method includes providing a 
master headphone unit 30 that includes a masterhousing 31 to 
be independently carried behind an ear 38 of the user and 
master circuitry 32 carried by the masterhousing. The master 
circuitry 32 includes a stereo audio source 33 and a wireless 
transmitter 34 coupled thereto. A master audio output device 
36 is carried by the master housing 31 and coupled to the 
master circuitry 32 for playing a first stereo audio channel 
from the stereo audio source 33. 
The method also includes providing a slave headphone unit 

60 that includes a slave housing 61 to be independently car 
ried behind another ear 68 of the user, and slave circuitry 62 
carried by slave housing. The slave circuitry 62 includes a 
wireless receiver 63 cooperating with the wireless transmitter 
34 and a slave audio output device 64 carried by the slave 
housing 61 and coupled to the slave circuitry for playing a 
second stereo audio channel from the stereo audio Source. 
The method further includes independently setting first and 

second independently settable frequency equalizers 42, 43 for 
the first and second stereo audio channels to compensate for 
the hearing loss of the user. 
The stereo audio headphone apparatus 20 may be particu 

larly advantageous to a user having hearing loss that may 
wish to listen to music, for example, by permitting indepen 
dent selection of frequency equalization. In other words, a 
user having hearing loss may be able to portably enjoy a full 
spectrum of stereo audio (i.e. music) by individually adjust 
ing the stereo audio for their hearing loss and/or desired 
acoustical preferences. 

Moreover, the stereo audio headphone units 30, 60 advan 
tageously are wireless and have a relatively low profile behind 
the ear. This increases user comfort in wearing the stereo 
audio headphones, and may be particularly advantageous in 
activities involving wearing of a helmet and in activities 
involving a range of body movements, for example. More 
particularly, the wireless operation of the stereo audio head 
phones may be particularly useful during a workout or during 
a run, for example, on a treadmill. As will be appreciated by 
those skilled in the art, interference with movement, from 
wires, for example, is reduced. 

Even still further, in some embodiments, the stereo audio 
headphone apparatus 20 advantageously may reduce noise 
that may be potentially damaging to a user's ear, for example, 
an impulse noise. Reducing an impulse noise may protect a 
user that does not have hearing loss from developing a hearing 
loss from the impulse noise, either temporary or permanent, 
while protecting against further hearing loss from the impulse 
noise in a user that has a hearing loss. 
The advantages of the stereo audio headphones, along with 

the pass-through mode and with the desired fitment of the ear 
fitting further provide increased hearing loss compensation of 
Stereo audio for a desired application. Thus, the stereo audio 
headphone apparatus 20 may improve the overall listening 
experience of a user. Indeed, while the stereo audio head 
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phone apparatus 20 may be beneficial to any user, the stereo 
audio headphones may be particularly beneficial to a user 
having hearing loss. 

It is noted that in different embodiments, certain elements 
are described with regard to the master headphone unit 30. 
While these elements may not have been specifically 
described with regard to the slave headphone unit 60, as will 
be understood by those skilled in the art, the elements that are 
present in the master headphone unit 30 may also present in 
the slave headphone unit, for example, an input device, an 
audio input device, a power Source, a recharging station port, 
and an independent audio impulse detector. The operation of 
these elements is similar to the corresponding ones in the 
master headphone unit 30, as will be appreciated by those 
skilled in the art. 
Many modifications and other embodiments of the inven 

tion will come to the mind of one skilled in the art having the 
benefit of the teachings presented in the foregoing descrip 
tions and the associated drawings. Therefore, it is understood 
that the invention is not to be limited to the specific embodi 
ments disclosed, and that modifications and embodiments are 
intended to be included within the scope of the appended 
claims. 

That which is claimed is: 
1. A stereo audio headphone apparatus for a user compris 

ing: 
a master headphone unit comprising 

a master housing to be independently carried behind an 
ear of the user, 

master circuitry carried by said masterhousing and com 
prising a stereo audio source and a wireless transmit 
ted coupled thereto, 

a master audio output device carried by said master 
housing and coupled to said master circuitry for play 
ing a first stereo audio channel from said stereo audio 
Source, and 

a master audio input carried by said master housing and 
coupled to said master circuitry; 

a slave headphone unit comprising 
a slave housing to be independently carried behind 

another ear of the user, 
slave circuitry carried by said slave housing and com 

prising a wireless receiver cooperating with said wire 
less transmitter, and 

a slave audio output device carried by said slave housing 
and coupled to said slave circuitry for playing a sec 
ond stereo audio channel from said stereo audio 
Source; and 

first and second independently settable frequency equaliz 
ers for the first and second stereo audio channels to 
permit independent selection of frequency equalization; 

wherein the master circuitry is operable in a pass-through 
mode with audio sensed by said master audio input 
device being delivered to said master audio output 
device via said first independently settable frequency 
equalizer. 

2. The stereo audio headphone apparatus according to 
claim 1, wherein said first independently settable equalizer is 
carried by said master housing; and wherein said second 
independently settable equalizer is carried by said slave hous 
ing. 

3. The stereo audio headphone apparatus according to 
claim 1, wherein said slave headphone unit further comprises 
a slave audio input device carried by said slave housing and 
coupled to said slave circuitry; and wherein said slave cir 
cuitry is also operable in the pass-through mode with audio 
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sensed by said slave audio input device being delivered to said 
slave audio output device via said second independently set 
table equalizer. 

4. The stereo audio headphone apparatus according to 
claim 3, wherein said master circuitry is operable in an 
impulse noise rejecting pass-through mode to reject impulse 
noise; and wherein said slave circuitry is also operable in the 
impulse noise rejecting pass-through mode; wherein the mas 
ter circuitry is selectively operable to provide one or combi 
nation of the independent selection of frequency equalization 
of stereo audio data provided by the stereo audio source, 
independent selection offrequency equalization based upon a 
detected audio impulse, and independent selection of fre 
quency equalization of the audio sensed by the master audio 
input device. 

5. The stereo audio headphone apparatus according to 
claim 1, wherein said first and second independently settable 
equalizers are carried by said master housing. 

6. The stereo audio headphone apparatus according to 
claim 1, wherein said master audio output device comprises a 
master electrical-to-acoustical (E/A) transducer, and a master 
audio delivery tube having a proximal end coupled to said 
master E/A transducer and a distal end to be positioned adja 
cent an ear canal of the user; and wherein said slave audio 
output device comprises a slave E/A transducer, and a slave 
delivery tube having a proximal end coupled to said slave E/A 
transducer and a distal end to be positioned adjacent another 
ear canal of the user. 

7. The stereo audio headphone apparatus according to 
claim 6, wherein said master audio output device further 
comprises a master earfitting coupled to the distal end of said 
master audio delivery tube; and wherein said slave audio 
output device further comprises a slave ear fitting coupled to 
the distal end of said slave audio delivery tube. 

8. The stereo audio headphone apparatus according to 
claim 6, wherein said master audio delivery tube is selectively 
extendible from adjacent portions of said masterhousing; and 
wherein said slave audio delivery tube is selectively extend 
ible from adjacent portions of said slave housing. 

9. The stereo audio headphone apparatus according to 
claim 1, wherein said master audio output device comprises a 
master electrical-to-acoustical (E/A) transducer to be posi 
tioned adjacent an ear canal of the user, and wherein said 
slave audio output device comprises a slave E/A transducer to 
be positioned adjacent another ear canal of the user. 

10. The stereo audio headphone apparatus according to 
claim 9, wherein said master audio output device further 
comprises a master ear fitting coupled to said master E/A 
transducer; and wherein said slave audio output device fur 
ther comprises a slave ear fitting coupled to said slave E/A 
transducer. 

11. The stereo audio headphone apparatus according to 
claim 1, wherein said master housing had an arcuate shape; 
and wherein said slave housing also has an arcuate shape. 

12. The stereo audio headphone apparatus according to 
claim 1, further comprising a remote control unit operatively 
coupled to at least one of said master and slave headphone 
units. 

13. The stereo audio headphone apparatus according to 
claim 1, wherein said master headphone unit comprises a 
master rechargeable power Supply coupled to said master 
circuitry; wherein said slave headphone further comprises a 
slave rechargeable power Supply coupled to said slave cir 
cuitry; and further comprising a recharging station to receive 
said master and slave headphone units for recharging said 
master and slave rechargeable power Supplies, respectively. 
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14. A stereo audio headphone apparatus for a user com 
prising: 

a master headphone unit comprising 
a master arcuate housing to be independently carried 

behind an ear of the user, 
master circuitry carried by said masterhousing and com 

prising a stereo audio source and a wireless transmit 
ter coupled thereto, and 

a master audio output device carried by said master 
housing and coupled to said master circuitry for play 
ing a first stereo audio channel from said stereo audio 
Source: 

a slave headphone unit comprising 
a slave arcuate housing to be independently carried 

behind another ear of the user, 
slave circuitry carried by said slave housing and com 

prising a wireless receiver cooperating with said wire 
less transmitter, and 

a slave audio output device carried by said slave housing 
and coupled to said slave circuitry for playing a sec 
ond stereo audio channel from said stereo audio 
source; and 

a first independently settable frequency equalizer carried 
by said master housing and a second independently set 
table frequency equalizer carried by said slave housing 
for the first and second stereo audio channels to permit 
independent selection of frequency equalization. 

15. The stereo audio headphone apparatus according to 
claim 14, wherein said master audio output device comprises 
a master electrical-to-acoustical (E/A) transducer, and a mas 
ter audio delivery tube having a proximal end coupled to said 
master E/A transducer and a distal end to be positioned adja 
cent an ear canal of the user; and wherein said slave audio 
delivery tube having a proximal end coupled to said slave E/A 
transducer and a distal end to be positioned adjacent another 
ear canal of the user. 

16. The stereo audio headphone apparatus according to 
claim 15, wherein said master audio output device further 
comprises a master earfitting coupled to the distal end of said 
master audio delivery tube; and wherein said slave audio 
output device further comprises a slave ear fitting coupled to 
the distal end of said slave audio delivery tube. 

17. The stereo audio headphone apparatus according to 
claim 15, wherein said master audio delivery tube is selec 
tively extendible from adjacent portions of said master hous 
ing; and wherein said slave audio delivery tube is selectively 
extendible from adjacent portions of said slave housing. 

18. The stereo audio headphone apparatus according to 
claim 14, wherein said master audio output device comprises 
a master electrical-to-acoustical (E/A) transducer to be posi 
tioned adjacent an ear canal of the user; and wherein said 
slave audio output device comprises a slave E/A transducer to 
be positioned adjacent another ear canal of the user. 

19. The stereo audio headphone apparatus according to 
claim 18, wherein said master audio output device further 
comprises a master ear fitting coupled to said master E/A 
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16 
transducer; and wherein said slave audio output device fur 
ther comprises a slave ear fitting coupled to said slave E/A 
transducer. 

20. A method for compensating for hearing loss of a user 
comprising: 

providing a master headphone unit comprising a master 
housing to be independently carried behind an ear of the 
user, master circuitry carried by the master housing and 
comprising a stereo audio source and a wireless trans 
mitter coupled thereto, a master audio input device car 
ried by said master housing and coupled to said master 
circuitry, and a master audio output device carried by the 
master housing and coupled to the master circuitry for 
playing a first stereo audio channel from the stereo audio 
Source; 

providing a slave headphone unit comprising a slave hous 
ing to be independently carried behind another ear of the 
user, slave circuitry carried by slave housing and com 
prising a wireless receiver cooperating with the wireless 
transmitter, and a slave audio output device carried by 
the slave housing and coupled to the clave circuitry for 
playing a second stereo audio channel from the stereo 
audio source; and 

independently setting first and second independently set 
table frequency equalizers for the first and second stereo 
audio channels within frequency ranges associated with 
increased hearing sensitivity; and 

Selectively operating said master circuitry in a pass 
through mode with audio sensed by said master audio 
input device being delivered to said master audio output 
device via said first independently settable frequency 
equalizer. 

21. The method according to claim 20, wherein the first 
independently settable equalizer is carried by the master 
housing; and wherein the second independently settable 
equalizer is carried by the slave housing. 

22. The method according to claim 20, wherein providing 
the slave headphone unit comprises providing the slave head 
phone unit comprising a slave audio input device carried by 
the slave housing and coupled to the slave circuitry; and 
wherein the method further comprises configuring the slave 
circuitry to also be operable in the pass-through mode with 
audio sensed by the slave audio input device being delivered 
to the slave audio output device via the second independently 
settable equalizer. 

23. The method according to claim 22, further comprising 
configuring the master circuitry to be operable in an impulse 
noise rejecting pass-through mode to reject impulse noise: 
and further comprising configuring the slave circuitry to also 
be operable in the impulse noise rejecting pass-through 
mode; wherein the master circuitry is selectively operable to 
provide one or combination of the independent selection of 
frequency equalization of stereo audio data provided by the 
Stereo audio source, independent selection of frequency 
equalization based upon a detected audio impulse, and inde 
pendent selection of frequency equalization of the audio 
sensed by the master audio input device. 




