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NOISE-ISOLATING HEADPHONE SYSTEMS FOR HEADGEAR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of United States provisional application
titled, “NOISE-ISOLATING HEADPHONE SYSTEMS FOR HELMETS,” filed on
September 28, 2020, and having Serial No. 63/084,428. The subject matter of this related

application is hereby incorporated herein by reference.

BACKGROUND

Field of the Various Embodiments
[0002] The present disclosure is directed to headphones and, more particularly, to noise-

isolating headphone systems for headgear.

Description of the Related Art

[0003] Audio devices often include headphones that are positioned on a head of a user and
that use an audio output device, such as a speaker, diaphragm, or the like, to generate sound
based on an audio signal received from an audio source. In some audio devices, the audio
source is integrated (e.g., an integrated audio player that generates the audio signal based on
stored audio data). In some other audio devices, the audio source is external to the audio
device, and the audio device receives the audio signal via a wired or wireless connection (e.g.,
a radio including an antenna that receives a wireless radio broadcast from a regional radio
broadcasting station). In various audio devices, the headphones are permanently or detachably
connected through a wired cable, or connected through a wireless communication channel

(e.g., Bluetooth headphones).

[0004] Some headphones are designed to create a seal that serves as a sound barrier
between the ears of the user and ambient noise. As an example, supra-aural headphones are
designed to rest on the pinna of the ear. As another example, circumaural headphones are
designed to surround or enclose the ear. In these and other designs, the headphones are
configured to pass sound from the audio output device to the ear canal of the user while
blocking or reducing ambient noise that would otherwise reach the ear of the user and interfere
with the audio output. Some headphones are designed to create or maintain the seal by

pressing inward against the ears or head when worn by the user.
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[0005] In some scenarios, users wear headphones while also wearing headgear. As a first
example, a user wears hard headgear, such as a helmet, for protection during an activity such
as motorcycling, bicycling, playing a sport such as football or baseball, and/or the like. As a
second example, a user wears soft headgear, such as a ski mask or balaclava, for warmth or
protection from the elements during an activity such as skiing or snowboarding. In these and
other scenarios, the headphones can output audio content for the enjoyment of the user during
the activity, such as music, podcasts, radio programs, and/or the like. Alternatively or
additionally, the headphones can output audio content that relates to the activity, such as
directional audio cues from a navigation system, such as GPS, audio communication with
other members of a team, and/or the like. Alternatively or additionally, the headphones can
output active noise cancellation, such as anti-noise that destructively interferes with ambient

noise of the environment of the user, which can reduce the noise perceived by the user.

[0006] However, headphones can exhibit some disadvantages when worn with headgear.
The headgear can prevent manual contact by the user with the headphones, for example, to
adjust a position of the headphones. If the headphones become displaced from a desired
position on the head of the user (such as while donning or adjusting the headgear), the user
could have difficulty repositioning the headphones without removing the headgear. Similarly,
the headphones could interfere with donning or removing the headgear. Also, the space
between the inner surface of the headgear and the head of the user can vary, for example due
to differences in the size and shape of the headgear, the size and shape of the ears and head of
the user, and/or the like. As a result, the comfort and fit of the headphones within particular
headgear can vary for different users. Similarly, comfort and fit can vary for different headgear
worn by a particular user. Further, asymmetry in the headgear and/or the head or ears of the
user can create differences between the left and right headphone cups in terms of comfort or

fit.

[0007] As another disadvantage, the seal created by some headphones can be reduced
when worn with headgear. For example, headphones can create an acceptable seal while a user
wears first headgear that presses the headphones against the head of the user but can create a
less effective seal while the user wears second headgear that creates less pressure or no
pressure. When one or both of the headphone cups do not consistently seal to the head and/or
the ears of the user, a variable amount of audio signals can leak, leading to differences in the
perceived low frequency response of the sound generator by different users and/or based on

different placements of the headphones. As a result, significant roll-off below 500 Hz can
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occur in the perceived audio output of conventional headphone systems. Further, the
incomplete seal reduces the isolation of audio output from ambient noise, which can interfere
with the reception of the audio output by the user. Also, an incomplete seal can cause anti-
noise generated by an active noise cancellation system to leak to the outside environment,
reducing the effectiveness of noise cancellation. In some cases, asymmetry in the headgear
and/or the head or ears of the user can create differences in the seal created by each of the left

and right headphone cups.

[0008] As yet another disadvantage, contact between headphones and an inner surface of
headgear can result in pressure, or friction such as rubbing (e.g., while the user dons, adjusts,
or removes the headgear, and/or if the headgear shifts relative to the head of the user and the
headphones). Such friction and rubbing can be uncomfortable for the user and/or can damage
or mar the appearance of the headphones and/or the inner surface of the headgear. Friction can

also produce noise that is irritating or distracting to the user.

[0009] As the foregoing illustrates, what is needed are noise-isolating headphone systems

for headgear.

SUMMARY

[0010] In some embodiments, a headphone system includes an audio output device, an ear
pad coupled to a first side of the audio output device, and an inflatable pouch coupled to a

second side of the audio output device.

[0011] In some embodiments, a headphone system includes an inflatable pouch, an audio
output device coupled to a first side of the inflatable pouch, and an ear pad coupled to a second

side of the inflatable pouch.

[0012] In some embodiments, an audio system includes an audio source and a headphone
system including, an audio output device configured to generate output based on an audio
signal received from the audio source, an ear pad, and an inflatable pouch coupled to the audio
output device, wherein inflating the inflatable pouch while the headphone system is coupled to
an inner surface of headgear causes the ear pad to press against at least one of a portion of a

head of a user or a pinna of an ear of the user.

[0013] At least one technical advantage of the disclosed techniques relative to the prior art
is that, with the disclosed techniques, an improved seal is created between the headphone cup

and the ear of the user while wearing headgear. As a result, generated audio is less susceptible
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to leakage and more insulated from ambient noise, thus improving perceived audio quality. As
another advantage, the disclosed techniques allow the headphone system to maintain a low
profile while the headgear is being donned and/or removed so that interference of the
headphone system with the donning and/or removing of the headgear is reduced. As yet
another advantage, the disclosed techniques promote adaptability of the headphones for fit and
comfort of different users and for use with different headgear. The disclosed techniques also
provide adaptability for asymmetric shapes of the headgear and/or the head and ears of the
user. As yet another advantage, the disclosed techniques reduce friction between other parts of
the headphones and an inner surface of the headgear, which reduces noise and protects the
headphones and the headgear from damage. These technical advantages provide one or more

technological improvements over prior art headphones.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] So that the manner in which the above recited features of the various embodiments
can be understood in detail, a more particular description of the inventive concepts, briefly
summarized above, can be had by reference to various embodiments, some of which are
illustrated in the appended drawings. It is to be noted, however, that the appended drawings
illustrate only typical embodiments of the inventive concepts and are therefore not to be
considered limiting of scope in any way, and that there are other equally effective

embodiments.

[0015] Figures 1A-1B illustrate audio systems configured for use with one or more aspects

of the various embodiments;

[0016] Figure 2 is a front view of a first embodiment of one of the headphone cups of

Figures 1A-1B, configured to implement one or more aspects of the various embodiments;

[0017] Figure 3 is a front view of a second embodiment of one of the headphone cups of

Figures 1A-1B, configured to implement one or more aspects of the various embodiments;

[0018] Figure 4 is a front view of a third embodiment of one of the headphone cups of

Figures 1A-1B, configured to implement one or more aspects of the various embodiments;

[0019] Figure 5 is a side view of a circularly shaped inflatable pouch of the headphone

system of Figures 1A-1B, 2, or 3, according to various embodiments;
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[0020] Figure 6 is a side view of a ring-shaped inflatable pouch of the headphone system

of Figures 1A-1B, 2, 3, or 4, according to various embodiments;

[0021] Figure 7 illustrates a flow diagram of method steps for a method of using the
headphone system of Figures 1A-1B, 2, 3, or 4 with headgear, according to various

embodiments;

[0022] Figure 8 illustrates a flow diagram of method steps for a method of removing the
headphone system of Figures 1A-1B, 2, 3, or 4 with headgear, according to various

embodiments;

[0023] Figure 9 illustrates a flow diagram of method steps for another method of using the
headphone system of Figures 1A-1B, 2, 3, or 4 with headgear, according to various

embodiments; and

[0024] Figure 10 illustrates a flow diagram of method steps for another method of
removing the headphone system of Figures 1A-1B, 2, 3, or 4 with headgear, according to

various embodiments.

DETAILED DESCRIPTION

[0025] In the following description, numerous specific details are set forth to provide a
more thorough understanding of the various embodiments. However, the inventive concepts
can be practiced without one or more of these specific details. In the figures, multiple
instances of like objects are denoted with reference numbers identifying the object and

parenthetical numbers identifying the instance where needed.

[0026] Figure 1A illustrates an audio system 100 configured for use with one or more
aspects of the various embodiments. The audio system 100 includes, without limitation, an
audio source 118 and a headphone system 102 including a left headphone cup 104-1 and a
right headphone cup 104-2. The audio system 100 can include any type of the headphone
system 102 in which at least a portion of each headphone cup 104 of the headphone system
102 is designed to rest on and/or cover a corresponding ear 128 of a user 124 that is wearing

the audio system 100.

[0027] As shown, the headphone system 102 includes, without limitation, a left headphone
cup 104-1 and a right headphone cup 104-2. When the headphone system 102 is worn by a
user 124, the left headphone cup 104-1 is positioned near a left ear 128-1 of the user 124, and
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the right headphone cup 104-2 is positioned near a right ear 128-2 of the user 124. In some
embodiments, the headphone system 102 is a circumaural headphone, in which each
headphone cup 104 is configured to surround an ear 128 of the user 124 and press against a
portion of a head of the user 124. In some other embodiments, the headphone system 102 is a
supraaural headphone, in which each headphone cup 104 is configured to press against a pinna

of the ear 128 of the user 124.

[0028] As shown, each headphone cup 104-1, 104-2 includes a housing 112-1, 112-2,
wherein each housing 112-1, 112-2 includes an audio output device 106-1, 106-2. The housing
112-1, 112-2 can be made of a rigid or firm material, such as a hard plastic, aluminum, or the
like. Each housing 112-1, 112-2 can be of various shapes and/or sizes, such as (without
limitation) circular, oval, rectangular, or the like. In various embodiments, each audio output
device 106-1, 106-2 includes (for example, and without limitation) one or more speakers,
diaphragms, piezoelectric transducers, or the like, as well as any number and/or combination
thereof. The left audio output device 106-1 and the right audio output device 106-2 can
include a same or similar type of audio output device, and/or can include different types of
audio output devices. In some embodiments, each headphone cup 104-1, 104-2 is

approximately 1.5 inches to 2.0 inches across.

[0029] As shown, each headphone cup 104-1, 104-2 includes a respective ear pad 108-1,
108-2 that is coupled to a first side 114 of the housing 112-1, 112-2 of the audio output device
106-1, 106-2 (e.g., an inward-facing side). In various embodiments, each ear pad 108-1, 108-2
is fixably or removably coupled to the housing 112-1, 112-2 using (for example and without
limitation) a mechanical fastener such as a snap or button, an adhesive, a magnet, Velcro, or
the like. Ear pad 108-1, 108-2 is designed to contact and/or surrounds an ear 128-1, 128-2 of
the user 124 while the user 124 wears the headphone system 102. In some embodiments, each
ear pad 108-1, 108-2 is made of a soft, elastic, and/or compressible material, such as rubber,
cotton, neoprene, latex, a soft plastic, memory foam, or the like. In various embodiments, each
ear pad 108-1, 108-2 has various shapes and/or sizes, such as (without limitation) circular,
oval, rectangular, or the like. In some embodiments, in addition to the inflatable pouch 110-1,

110-2, at least one of the ear pads 108-1, 108-2 is inflatable.

[0030] Each headphone cup 104-1, 104-2 includes an inflatable pouch 110-1, 110-2,
which is coupled to a second side 116 of the housing 112 of the audio output device 106-1,
106-2 (e.g., an outward-facing side). In some embodiments, a portion of the headphone system

102 (e.g., at least one of the inflatable pouches 110-1, 110-2, and/or at least one of the housing
6
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112) is coupled to an inner surface of the headgear 126. In various embodiments, the
headphone system 102 is affixed to the inner surface of the headgear 126 using (for example
and without limitation) a mechanical fastener such as a snap or button, an adhesive, a magnet,
Velcro, or the like. A user 124 can use the mechanical fastener to couple the headphone
system 102 to an inner surface of headgear 126 before donning the headgear. Alternatively, a
user 124 can don the headphone system 102 and then don the headgear 126, where contact
between the mechanical fastener and the inner surface of the headgear 126 causes the
headphone system 102 to couple to the inner surface of the headgear 126. In some
embodiments, each inflatable pouch 110-1, 110-2 is coupled to the housing 112-1, 112-2 using

(for example and without limitation) a mechanical fastener such as a snap or button, an

adhesive, a magnet, Velcro, or the like.

[0031] In various embodiments, each inflatable pouch 110-1, 110-2 is made of a soft,
elastic, flexible, impermeable, and/or compressible material, such as rubber, neoprene, latex, a
soft plastic, plastic, memory foam, or the like. In various embodiments, each inflatable pouch
110-1, 110-2 is of various shapes and/or sizes, such as (without limitation) circular, oval,
rectangular, or the like. In some embodiments, each inflatable pouch 110-1, 110-2 is
configured to inflate in a direction away from the second side 116 of the audio output device
106-1, 106-2 (e.g., an outward direction). Alternatively or additionally, in some embodiments,
each inflatable pouch 110-1, 110-2 is configured to inflate in a direction that is non-

perpendicular to the second side 116 (e.g., a lateral or side direction).

[0032] Each inflatable pouch 110-1, 110-2 is at least partially inflatable by an inflation
medium, such as air, a fluid such as water, or the like. In various embodiments, at least one of
the inflatable pouches 110-1, 110-2 is inflatable by the breath of an individual such as the user
124, or an inflation mechanism such as an inflation bulb, a mechanical pump, an electrical
pump, or the like. In some embodiments, at least one of the inflatable pouches 110-1, 110-2
includes a self-inflating and/or self-deflating mechanism. In some embodiments, each
inflatable pouch 110-1, 110-2 includes at least one valve that permits passage of the inflation
medium. In some embodiments, the valve permits passage of the inflation medium in an open
configuration (e.g., for inflation and/or deflation) and prohibit passage of the inflation medium
in a closed configuration (e.g., to retain the inflation and/or deflation). In some embodiments,
the valve is a one-way valve that permits passage of the inflation medium in one direction and

prohibits passage of the inflation medium in the opposite direction.
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[0033] The user 124 can wear the headphone system 102 inside headgear 126, such as a
helmet, a ski mask or balaclava, or the like. Inflating the inflatable pouch 110-1, 110-2 presses
a side of the inflatable pouch 110-1, 110-2 against an inner surface of the headgear 126. The
pressure further presses the headphone cup 104-1, 104-2 against the head or an ear 128-1, 128-
2 of the user 124. The pressure of the headphone cup 104-1, 104-2 against the head or ear 128-
1, 128-2 of the user 124 creates a seal between the headphone cup 104-1, 104-2 and the head
or ear 128-1, 128-2 of the user 124, and/or retains a position of the headphone system 102 on
the head of the user 124.

[0034] As shown, an audio source 118 originates an audio signal 120. The audio signal
120 is based on audio content, such as music, speech, noise, sound effects, or the like. In some
embodiments, an active noise cancelling system generates anti-noise that destructively
interferes with ambient noise. In some embodiments, the audio content is stored by the audio
system 100 (e.g., by a data store configured to store recorded audio). Alternatively or
additionally, in some embodiments, the audio content is generated by the audio system 100
and/or an external device. In some embodiments, the audio source 118 is an electronic device
that is integrated with the audio system 100, such as an MP3 player, a smart phone, and/or the
like. In some embodiments, audio signal 120 is a mono audio signal that is output by at least
one of the audio output devices 106-1, 106-2. In some embodiments, the audio signal 120
includes stereo audio signal the includes a left audio signal that is output by the left audio
output device 106-1 and a right audio signal that is output by the right audio output device
106-2. In some embodiments, the audio signal 120 encodes audio information in an analog

encoding and/or digital encoding.

[0035] The audio source 118 transmits one or more audio signals 120 to one or both of the
audio output devices 106-1, 106-2 via a signal wire 122. In some embodiments, the signal wire
122 includes a first signal wire 122 that transmits at least a portion of the audio signal 120 to
the left audio output device 106-1, a second signal wire that transmits at least a portion of the
audio signal 120 to the right audio output device 106-2 (e.g., another wire coupled to another
audio output device 106), and one or more ground wires. In some embodiments, at least a
portion of the signal wire 122 is integrated with the headphone system 102, such as a
headband that is coupled to the left headphone cup 104-1 and the right headphone cup 104-2.

[0036] Figure 1B illustrates another audio system configured for use with one or more
aspects of the various embodiments. The audio system 100 includes, without limitation, an

audio source 118 and a headphone system 102 including a left headphone cup 104-1 and a
8
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right headphone cup 104-2. In some embodiments, the audio system 100 includes any type of
headphone system 102 in which at least a portion of each headphone cup 104-1, 104-2 is
designed to rest on and/or cover a corresponding ear of a user that is wearing the audio system
100. In some embodiments, the headphone system 102 is a circumaural headphone, in which
each headphone cup 104-1, 104-2 is configured to contact a portion of a head of the user 124.
In some other embodiments, the headphone system 102 is a supraaural headphone, in which
each headphone cup 104-1, 104-2 is configured to contact a portion of a pinna of an ear 128-1,
128-2 of a user 124. Elements of Figure 1B can be or can include similar features as discussed

with regard to the corresponding elements of Figure 1A.

[0037] As shown, the headphone system 102 includes, without limitation, a left headphone
cup 104-1 and a right headphone cup 104-2. When the headphone system 102 is worn by a
user 124, the left headphone cup 104-1 is positioned near a left ear 118-1 of the user 124, and
the right headphone cup 104-2 is positioned near a right ear 118-2 of the user 124.

[0038] As shown, the audio source 118 includes a receiver 134 that receives a
transmission 132 from a transmitter 130. In some embodiments, the transmitter 130 includes a
radio station that broadcasts a global, regional, or local AM or FM radio signal. In some
embodiments, the transmitter 130 includes a wireless audio device that transmits a wireless
audio signal, such as a Bluetooth audio signal. In some embodiments, the transmission 132
encodes audio information in an analog encoding and/or digital encoding. In some
embodiments, the transmission 132 includes multiple channels, such as a stereo audio
transmission. In some embodiments, the transmission 132 includes multiple audio streams,
such as multiple radio stations. In some embodiments, the transmission 132 includes other
data, such as video accompanying one or more audio streams, and/or metadata about the
audio, such as text indicating song titles or lyrics. In some embodiments, the audio source 118
receives the transmission 132 by the receiver 134 and output an audio signal 120 for the audio
output devices 106-1, 106-2. In some embodiments, the audio signal 120 is the same or similar
to the transmission 132, or is a subset of the transmission 132, such as one radio station
selected from multiple radio stations in the transmission 132. In some embodiments, the audio
signal 120 encodes audio in the same or similar manner as the transmission 132. In some
embodiments, the audio signal 120 is transcoded to a different encoding format (e.g., the
transmission 132 is an analog encoding, and the audio signal 120 is a digital encoding). In
some embodiments that include active noise cancelling, the transmitter 130 includes a

microphone, the transmission 132 includes a sampling of ambient noise, and the audio source
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118 generates the audio signal 120 that includes anti-noise that destructively interferes with

the ambient noise.

[0039] Figure 2 is a front view of a first embodiment of one of the headphone cups 104 of
Figures 1A-1B, configured to implement one or more aspects of the various embodiments.
Although Figure 2 shows the components of one headphone cup 104, it is to be appreciated
that in some embodiments, the headphone system 102 includes a second headphone cup 104
with corresponding components. The headphone system 102 includes, without limitation, an
ear pad 108, an audio output device 106, and an inflatable pouch 110. The headphone system
102 can be at least a portion of the headphone system of either Figure 1A or 1B. The
headphone system 102 is shown in use with headgear 126, such as a helmet, but the headgear

126 is not included in the headphone system 102 as shown.

[0040] As shown, the audio output device 106 is positioned between an ear pad 108 and an
inflatable pouch 110. More specifically, the audio output device 106 includes a housing 112,
the ear pad 108 is coupled to a first side 114 of the housing (e.g., an inward-facing side), and
the inflatable pouch 110 is coupled to a second side of the housing 112 (e.g., an outward-
facing side). In some embodiments, an outer surface of the inflatable pouch 110 is shaped to
conform to an inner surface of headgear 126, such as a flat or curved shape. When at least
partially inflated, the inflatable pouch 110 presses against an inner surface of the headgear

126. The pressure of the inflatable pouch 110 against the inner surface of headgear 126 also
presses the housing 112 of the audio output device 106 and the ear pad 108 in a direction away
from the inner surface of the headgear 126 and against a head or ear 128 of the user 124. The

pressure of the ear pad 108 against the head or ear 128 of the user 124 creates a seal.

[0041] As shown, the inflatable pouch 110 includes a valve 202-1. In an open
configuration, the valve 202-1 permits passage of an inflation medium, such as air, a fluid
such as water, or the like. In a closed configuration, the valve 202-1 prohibits passage of the
inflation medium in a closed configuration. In some embodiments, the inflatable pouch 110
includes one or more one-way valves that permit passage of the inflation medium in only one
direction. In some embodiments,, the inflatable pouch 110 includes a first one-way valve that,
in an open configuration, permits passage of the inflation medium only into the inflatable
pouch 110, and a second one-way valve that, in an open configuration, permits passage of the

inflation medium only out of the inflatable pouch 110.

10
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[0042] In some embodiments, the inflatable pouch 110 is inflatable by the breath of an
individual, such as the user 124. Alternatively or additionally, in some embodiments, the
inflatable pouch 110 includes an inflation mechanism that is configured to inflate and/or
deflate the inflatable pouch 110. As shown, the inflation mechanism includes an inflation bulb
206 that is coupled to the valve 202-1. Manual compression of the inflation bulb 206 pushes
an inflation medium, such as air, through the conduit 204 and the valve 202-1 and into the
inflatable pouch 110, causing the inflatable pouch 110 to inflate. Manual release of the
inflation bulb 206 causes the inflation bulb 206 to inflate (e.g., by receiving air through a one-
way intake valve 202-2 on or integrated with the outer surface of the inflation bulb 206). Some
embodiments include another type of inflation mechanism, such as a mechanical pump, an
electrical pump, or the like. In some embodiments, the inflation mechanism is also configured
to deflate the inflatable pouch 110. In some embodiments, the inflation bulb 206 includes an
exhaust valve that, in an open configuration, permits an inflation medium such as air to be
released from the inflatable pouch 110 and the inflation bulb 206, and, in a closed
configuration, prohibits the inflation medium from being released from the inflatable pouch

110 and the inflation bulb 206.

[0043] In some embodiments and as shown, an inflation mechanism (such as the inflation
bulb 206) is coupled to the valve 202-1 of the inflatable pouch 110 by a conduit 204, such as a
flexible tube. In some other embodiments, the inflation mechanism is integrated with the
inflatable pouch 110. In some embodiments, an inflation bulb 206 is integrated with an outer
surface of the inflatable pouch 110 and coupled to the inflatable pouch 110 by a one-way
valve 202.

[0044] As shown, the audio output device 106 includes a signal wire 122 configured to
conduct an audio signal 120 from an audio source 118 to the audio output device 106. In some
embodiments, the audio output device 106 includes a ground wire that conducts a return
current from the audio output device 106, and/or provides a ground reference for the audio
signal 120. In some embodiments, the signal wire 122 is coupled to the conduit 204 for the
inflation mechanism, such as the inflation bulb 206. In some embodiments, the headphone
system 102 includes a cable that conducts both the signal wire 122 and the conduit 204 for an

inflation bulb 206, a mechanical pump, an electrical pump, or the like.

[0045] As previously mentioned, although Figure 2 shows the components of only one
headphone cup 104, it is to be appreciated that in some embodiments, the headphone system

102 includes a second headphone cup 104 with corresponding components. In some
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embodiments, a first inflation mechanism is coupled to the inflatable pouch 110 of a first
headphone cup 104, and a second inflation mechanism is coupled to the inflatable pouch 110
of a second headphone cup 104. In some other embodiments, one inflation mechanism is
coupled to the inflatable pouches 110 of both headphone cups 104, such as an inflation bulb or
electrical pump that, when activated or manipulated, inflates both of the inflatable pouches
110. In some embodiments, an electrical pump is activated to inflate and/or deflate one or both
of the inflatable pouches 110. In some embodiments, the electrical pump is activated by an
activation mechanism included in the headphone system 102 (e.g., a button) and/or by a
wireless signal (e.g., a Bluetooth signal). In some embodiments, one signal wire 122 is
coupled to both audio output devices 106, while in some other embodiments, a first signal wire
122 is coupled to a first audio output device 106 and a second signal wire 122 is coupled to a

second audio output device 106.

[0046] As shown, the headphone system 102 includes a mechanical coupler 200
configured to couple to an inner surface of the headgear 126. The mechanical coupler 200 is
coupled to a surface of the inflatable pouch 110 (e.g., an outward-facing surface) and is
configured to contact the inner surface of the headgear 126. In some embodiments, the
mechanical coupler 200 includes a fastener such as a snap or button that couples to a portion
of the inner surface of the headgear 126. In some embodiments, the mechanical coupler 200
includes a surface that affixes to an inner surface of the headgear 126 upon contact, such as
Velcro, an adhesive, or a magnet. In some embodiments, the mechanical coupler 200 is
reversible, so that each headphone cup 104 of the headphone system is coupled to the inner
surface of the headgear 126 and also decoupled (e.g., removed) from the inner surface of the
headgear 126. In some other embodiments, the mechanical coupler 200 is configured to affix,

and to remain affixed, to the inner surface of the headgear 126.

[0047] Figure 3 is a front view of a second embodiment of one of the headphone cups 104
of Figures 1A-1B, configured to implement one or more aspects of the various embodiments.
The headphone system 102 includes, without limitation, an audio output device 106, an ear
pad 108, and an inflatable pouch 110. The headphone system 102 can be at least a portion of
the headphone system of either Figure 1A or 1B. The headphone system 102 is shown in use
with headgear 126, such as a helmet, but the headgear 126 is not included in the headphone
system 102 as shown. Although Figure 3 shows the components of only one headphone cup
104, it is to be appreciated that in some embodiments, the headphone system 102 includes a

second headphone cup 104 with corresponding components. Elements of Figure 3 can be or
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can include similar features as discussed with regard to the corresponding elements of Figure

2.

[0048] As shown, the audio output device 106 is positioned between an ear pad 108 and an
inflatable pouch 110. More specifically, the audio output device 106 includes a housing 112,
the ear pad 108 is coupled to a first side 114 of the housing (e.g., an inward-facing side), and
the inflatable pouch 110 is coupled to a second side of the housing 112 (e.g., an outward-
facing side). In some embodiments, an outer surface of the inflatable pouch 110 is shaped to
conform to an inner surface of headgear 126, such as a flat or curved shape. When at least
partially inflated, the inflatable pouch 110 presses against an inner surface of the headgear

126. The pressure of the inflatable pouch 110 against the inner surface of headgear 126 also
presses the housing 112 of the audio output device 106 and the ear pad 108 in a direction away
from the inner surface of the headgear 126 and against a head or ear 128 of the user 124. The

pressure of the ear pad 108 against the head or ear 128 of the user 124 creates a seal.

[0049] As shown, the headphone system 102 includes an audio source 118. As previously
discussed, in some embodiments, the audio source 118 includes an integrated audio player that
generates the audio signal based on stored audio data and/or a receiver that receives a
transmission from a transmitter. In some other embodiments, the audio source 118 is located
elsewhere in the headphone system 102, such as a second headphone cup 104, or coupled with
audio components at a remote end of the signal wire 122. In some embodiments, each
headphone cup 104 includes an audio source 118, while in some other embodiments, one

audio source 118 is coupled to the audio output devices 106 of both headphone cups 104.

[0050] The headphone system 102 further includes a power source 302 that is configured
to store power. As shown, the power source 302 is included in the housing 112 of the audio
output device 106. In some other embodiments, the power source 302 is located elsewhere in
the headphone system 102, such as a second headphone cup 104, or coupled with audio
components at a remote end of a signal wire 122. In some embodiments, the power source 302
is a battery, which is user-replaceable (e.g., via a user-accessible battery compartment) or user-
rechargeable (e.g., via a charging port). In some embodiments, the power source 302 is
coupled to the audio output device 106 and is configured to power the audio source 118.
Alternatively or additionally, in some embodiments, the power source 302 is coupled to the
audio output device 106 (e.g., a speaker) and is configured to power the audio output device

106 (e.g., to amplify the audio output). In some embodiments, each headphone cup 104
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includes a power source 302, while in some other embodiments, one power source 302 is

coupled to the audio sources 118 audio output device 106 and/or headphone cups 104.

[0051] As previously discussed, in some embodiments, the inflatable pouch 110 is coupled
to an inflation mechanism, such as a mechanical pump, an electrical pump, or the like. In some
embodiments, the inflation mechanism is coupled to the power source 302 and receives power
from the power source 302 to inflate the inflatable pouch 110. In some other embodiments
(not shown), the headphone system 102 includes a second power source that is coupled to an
inflation mechanism, and the and the inflation mechanism receives power from the second

power source 302 to inflate the inflatable pouch 110.

[0052] As shown, the headphone system 102 includes a microphone 306 that is coupled to
the audio output device 106 by a signal wire 304 (including a ground wire). In some
embodiments, the microphone 306 is remote, for example, affixed or affixable to an outer
surface of the headgear 126. In some embodiments, the microphone 306 transmits an ambient
audio signal to the audio output device 106. In some embodiments, the audio output device
106 includes the ambient audio signal in the audio output (e.g., an ambient pass-through
system). Alternatively or additionally, in some embodiments, the audio output device 106
generates an antinoise signal based on the ambient audio signal. The antinoise signal can

destructively interfere with the ambient audio to create noise cancellation.

[0053] Figure 4 is a front view of a third embodiment of one of the headphone cups 104 of
Figures 1A-1B, configured to implement one or more aspects of the various embodiments. The
headphone system 102 includes, without limitation, an audio output device 106, an ear pad
108, and an inflatable pouch 110. The headphone system 102 can be at least a portion of the
headphone system of either Figure 1A or 1B. The headphone system 102 is shown in use with
headgear 126, such as a helmet, but the headgear 126 is not included in the headphone system
102 as shown. Although Figure 4 shows the components of only one headphone cup 104, it is
to be appreciated that in some embodiments, the headphone system 102 includes a second
headphone cup 104 with corresponding components. Elements of Figure 4 can be or can
include similar features as discussed with regard to the corresponding elements of Figure 2 or
Figure 3. Further, additional features discussed in relation to Figure 2 and Figure 3 (for
example and without limitation, the housings 112 of the respective headphone cups 104, an
audio source 118, and/or a power source 302) can be included in the third embodiment shown

in Figure 4.
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[0054] As shown, and unlike Figures 2 and 3, the inflatable pouch 110 is located between
the audio output device 106 and the ear pad 108 and the ear pad 108. More specifically, the ear
pad 108 is coupled to a first side 114 of the inflatable pouch 110 (e.g., an inward-facing side),
and the audio output device 106 includes a housing 112 that is coupled to a second side of the
inflatable pouch 110 (e.g., an outward-facing side). In some embodiments, an outer surface of
the housing 112 is shaped to conform to an inner surface of headgear 126, such as a flat or
curved shape. When at least partially inflated, the inflatable pouch 110 presses the housing

112 against an inner surface of the headgear 126. The pressure of the housing 112 against the
inner surface of headgear 126 also presses the ear pad 108 in a direction away from the inner
surface of the headgear 126 and against a head or ear 128 of the user 124. The pressure of the

ear pad 108 against the head or ear 128 of the user 124 creates a seal.

[0055] Figure 5 is a side view of a circularly shaped inflatable pouch 110 of the headphone
system 102 of Figures 1A-1B, 2, or 3, according to various embodiments. As shown, the
inflatable pouch 110 is formed to have a circular shape. In some embodiments, the inflatable
pouch 110 can have substantially the same shape and/or size to a rear side of an audio output
device 106. The circular shape causes the inflatable pouch 110, while inflated, to apply
pressure between an inner surface of headgear 126 and at least most of a surface of a housing
112 of an audio output device 106. In turn, the housing 112 presses an ear pad 108 against a

head or ear 128 of the user 124, which creates a seal.

[0056] Figure 6 is a side view of a ring-shaped inflatable pouch 110 of the headphone
system 102 of Figures 1A-1B, 2, 3, or 4, according to various embodiments. As shown, the
inflatable pouch 110 is formed to have a ring shape. In some embodiments, the outer portion
of the ring-shaped inflatable pouch 110 can have substantially the same shape and/or size to a
rear side of an audio output device 106. The ring shape causes the inflatable pouch 110, while
inflated, to apply pressure between an inner surface of headgear 126 and at least an outer
portion of a surface of a housing 112 of an audio output device 106. In turn, the housing 112
presses an ear pad 108 against a head or ear 128 of the user 124, which creates a seal. When
used in the third embodiment shown in Figure 4, the ring-shaped inflatable pouch 110 permits
the audio output of the audio output device 106 of the headphone cup 104 to pass through to
the ear of the user 124.

[0057] Figure 7 illustrates a flow diagram of method steps for a method of using the

headphone system of Figures 1A-1B, 2, 3, or 4 with headgear, according to various
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embodiments. The method steps of Figure 7 can be applied, e.g., by a user of the headphone
system 102.

[0058] As shown, a method 700 begins at step 702 in which a user couples headphone
cups of the headphone system to an inner surface of headgear. For example, the user can affix
the headphone cups to an inner surface of a helmet by a mechanical fastener, such as a snap, or

position the headphone cups on an inner surface of a balaclava by Velcro.

[0059] At step 704, the user dons the headgear. With the headphone system in a deflated
state, the headphone system has a low profile, and the user can position the headgear at a
comfortable position without the headphone system interfering significantly with the donning
of the headgear. Due to the coupling of the headphone system to the inner surface of the

headgear, the headphone system remains in place during such positioning.

[0060] At step 706, the user inflates an inflatable pouch of each headphone cup. In some
embodiments, the user inflates the inflatable pouch using an inflation bulb, or by activating a
mechanical or electrical pump to pump air into the inflatable pouch via a conduit. Inflating the
inflatable pouch of each headphone cup creates pressure between the headphone cup and the
headgear and creates a seal between the headphone cup and the ear of the user. The seal
improves the audio quality and isolation of the output of the audio output device. Inflating the
inflatable pouch of each headphone cup enables the shape of the inflatable pouch to conform
to the shapes of the inner surface of the headgear and the head or ear of the user, which
promote adaptability of the headphones for fit and comfort of different users and for use with
different headgear. The pressure also improves retention of the headphone system at the
desired position relative to the head of the user and the inner surface of the headgear. The

audio output devices in the headphone system can then be used to provide audio to the user.

[0061] Figure 8 illustrates a flow diagram of method steps for a method of removing the
headphone system of Figures 1A-1B, 2, 3, or 4 with headgear, according to various
embodiments. The method steps of Figure 8 can be applied, e.g., by a user of the headphone
system 102.

[0062] As shown, a method 800 begins at step 802 in which a user deflates an inflatable
pouch 110 of each headphone cup. In some embodiments, the user deflates the inflatable

pouch by opening a valve on an inflation bulb, or by using a mechanical or electrical pump to
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evacuate air from the inflatable pouch. Deflating the inflatable pouches reduces pressure

between the headphone cup and the headgear and reduces the profile of the headphone cup.

[0063] At step 804, the user removes the headgear. Because the headphone cups are
coupled with the inner surface of the headgear, removing the headgear also removes the
headphone cups from the head of the user. The user can turn off an audio source of the
headphone system in order to conserve power. If the headphone system includes a
rechargeable power source (e.g., a battery) for the audio source, the audio output device,

and/or a mechanical or electric pump, the user can plug in the headphone system for next use.

[0064] Figure 9 illustrates a flow diagram of method steps for another method of using the
headphone system of Figures 1A-1B, 2, 3, or 4 with headgear, according to various
embodiments. The method steps of Figure 7 can be applied, e.g., by a user of the headphone
system 102. Although the method steps of Figure 7 are described with respect to the
headphone system 102 of Figures 1A-B, many ways of using headphone systems including the

method steps, in any order, can fall within the scope of the various embodiments.

[0065] As shown, a method 900 begins at step 902 in which a user dons the headphone
system. The user can position each headphone cup at a comfortable position on or over the ear.

The user can activate an audio source to cause the audio output device to output audio.

[0066] At step 904, the user dons the headgear. In some embodiments, an outer surface of
the inflatable pouches and/or the housings includes a mechanical fastener (e.g., Velcro) that
couples to the inner surface of the headgear upon contact. With the headphone system in a
deflated state, the user can position the headgear at a comfortable position and/or adjust a

position of the headphone system.

[0067] At step 906, the user inflates an inflatable pouch of each headphone cup to create
pressure between the headphone cup and the headgear, and to create a seal between the
headphone cup and the ear of the user. In some embodiments, the user inflates the inflatable
pouch using an inflation bulb, or by activating a mechanical or electrical pump to pump air
into the inflatable pouch via a conduit. Inflating the inflatable pouch of each headphone cup
creates pressure between the headphone cup and the headgear and creates a seal between the
headphone cup and the ear of the user. The seal improves the audio quality and isolation of the
output of the audio output device. Inflating the inflatable pouch of each headphone cup

enables the shape of the inflatable pouch to conform to the shapes of the inner surface of the
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headgear and the head or ear of the user, which promote adaptability of the headphones for fit
and comfort of different users and for use with different headgear. The pressure also improves
retention of the headphone system at the desired position relative to the head of the user and

the inner surface of the headgear.

[0068] Figure 10 illustrates a flow diagram of method steps for another method of
removing the headphone system of Figures 1A-1B, 2, 3, or 4 with headgear, according to
various embodiments. The method steps of Figure 10 can be applied, e.g., by a user of the

headphone system.

[0069] As shown, a method 1000 begins at step 1002 in which a user deflates an inflatable
pouch of each headphone cup to reduce pressure between the headphone cup and the headgear.
In some embodiments, the user deflates the inflatable pouch by opening a valve on an inflation
bulb, or by using a mechanical or electrical pump to evacuate air from the inflatable pouch.

Deflating the inflatable pouches reduces pressure between the headphone cup and the headgear

and reduces the profile of the headphone cup.

[0070] At step 1004, the user removes the headgear. If the headphone system is
mechanically coupled to an inner surface of the headgear (e.g., via Velcro), the user can also

uncouple the headphone system from the inner surface of the headgear.

[0071] At step 1006, the user removes the headphone system. The user can turn off an
audio source of the headphone system in order to conserve power. If the headphone system
includes a rechargeable power source (e.g., a battery) for the audio source, the audio output
device, and/or a mechanical or electric pump, the user can plug in the headphone system for

next use.

[0072] In sum, the disclosed headphone assembly includes an audio output device. In
some embodiments, an ear pad is coupled to a first surface of the audio output device, and an
inflatable pouch is coupled to a second surface of the audio output device. The inflatable
pouches are deflated while the headgear is donned and/or removed. Inflating the inflatable
pouches enables the headphone system to create an improved seal between the headphone cup
and the ear of the user and adapts the shape of the headphone system to the shape of an inner

surface of headgear worn by a user.

[0073] At least one technical advantage of the disclosed techniques relative to the prior art

is that, with the disclosed techniques, an improved seal is created between the headphone cup
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and the ear of the user while wearing headgear. As a result, generated audio is less susceptible
to leakage and more insulated from ambient noise, thus improving perceived audio quality. As
another advantage, the inflatable pouches are deflated while the user dons or mounts the
headgear, which maintains a low profile and enables the user to adjust the positions of the
headphone system relative to the headgear and the head of the user. As yet another advantage,
the inflatable pouches promote adaptability of the headphones for fit and comfort of different
users and for use with different headgear. The inflatable pouches also provide adaptability for
asymmetric shapes of the headgear and/or the head and ears of the user. As yet another
advantage, the disclosed techniques reduce friction between other parts of the headphones and
an inner surface of the headgear, which reduces noise and protects the headphones and the
headgear from damage. These technical advantages provide one or more technological

improvements over prior art headphones.

[0074] 1. In some embodiments, a headphone system comprises an audio output device; an
ear pad coupled to a first side of the audio output device; and an inflatable pouch coupled to a

second side of the audio output device.

[0075] 2. The headphone system of clause 1, wherein the audio output device includes a
housing, the ear pad is coupled to a first surface of the housing, and the inflatable pouch is

coupled to a second surface of the housing.

[0076] 3. The headphone system of clauses 1 or 2, wherein the inflatable pouch inflates in

at least a direction away from the second side of the audio output device.

[0077] 4. The headphone system of any of clauses 1-3, wherein the inflatable pouch

inflates in at least a direction that is non-perpendicular with the audio output device.

[0078] 5. The headphone system of any of clauses 1-4, wherein the inflatable pouch
includes at least one valve that permits passage of an inflation medium into the inflatable

pouch.

[0079] 6. The headphone system of any of clauses 1-5, further comprising an inflation

mechanism configured to inflate the inflatable pouch.

[0080] 7. The headphone system of any of clauses 1-6, further comprising a mechanical

coupler configured to couple to an inner surface of headgear.
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[0081] 8. In some embodiments, a headphone system comprises an inflatable pouch; an
audio output device coupled to a first side of the inflatable pouch; and an ear pad coupled to a

second side of the inflatable pouch.

[0082] 9. The headphone system of clause 8, wherein the audio output device includes a

housing, and the inflatable pouch is coupled to a surface of the housing.

[0083] 10. The headphone system of clauses 8 or 9, wherein the inflatable pouch includes

at least one valve that permits passage of an inflation medium into the inflatable pouch.

[0084] 11. The headphone system of any of clauses 8-10, further comprising an inflation

mechanism configured to inflate the inflatable pouch.

[0085] 12. The headphone system of clause 11, wherein the inflation mechanism includes

at least one of an inflation bulb, a mechanical pump, or an electrical pump.

[0086] 13. The headphone system of clauses 11 or 12, further comprising a conduit

coupled to the inflatable pouch and the inflation mechanism.

[0087] 14. The headphone system of any of clauses 8-13, further comprising a mechanical

coupler configured to couple to an inner surface of headgear.

[0088] 15. In some embodiments, an audio system comprises an audio source and a
headphone system including, an audio output device configured to generate output based on an
audio signal received from the audio source, an ear pad, and an inflatable pouch coupled to the
audio output device, wherein inflating the inflatable pouch while the headphone system is
coupled to an inner surface of headgear causes the ear pad to press against at least one of a

portion of a head of a user or a pinna of an ear of the user.

[0089] 16. The audio system of clause 15, wherein the ear pad is coupled to a first side of
the audio output device, and the inflatable pouch is coupled to a second side of the audio

output device.

[0090] 17. The audio system of clauses 15 or 16, wherein the ear pad is coupled to a first
side of the inflatable pouch, and the audio output device is coupled to a second side of the

inflatable pouch.

[0091] 18. The audio system of any of clauses 15-17, further comprising a signal wire
configured to couple the audio output device to the audio source.
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[0092] 19. The audio system of any of clauses 15-18, wherein at least a portion of a signal

wire is coupled to the audio output device and a conduit coupled to the inflatable pouch.

[0093] 20. The audio system of any of clauses 15-19, further comprising a power source
coupled to at least one of the audio output device or an inflation mechanism configured to

inflate the inflatable pouch.

[0094] Any and all combinations of any of the claim elements recited in any of the claims
and/or any elements described in this application, in any fashion, fall within the contemplated

scope of the present invention and protection.

[0095] The descriptions of the various embodiments have been presented for purposes of
illustration, but are not intended to be exhaustive or limited to the embodiments disclosed.
Many modifications and variations will be apparent to those of ordinary skill in the art without

departing from the scope and spirit of the described embodiments.

[0096] While the preceding is directed to embodiments of the present disclosure, other and
further embodiments of the disclosure can be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.
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WHAT IS CLAIMED IS:

1. A headphone system, comprising:
an audio output device,
an ear pad coupled to a first side of the audio output device; and

an inflatable pouch coupled to a second side of the audio output device.

2. The headphone system of claim 1, wherein the audio output device includes a housing,
the ear pad is coupled to a first surface of the housing, and the inflatable pouch is coupled to a

second surface of the housing.

3. The headphone system of claim 1, wherein the inflatable pouch inflates in at least a

direction away from the second side of the audio output device.

4. The headphone system of claim 1, wherein the inflatable pouch inflates in at least a

direction that is non-perpendicular with the audio output device.

5. The headphone system of claim 1, wherein the inflatable pouch includes at least one

valve that permits passage of an inflation medium into the inflatable pouch.

6. The headphone system of claim 1, further comprising an inflation mechanism

configured to inflate the inflatable pouch.

7. The headphone system of claim 1, further comprising a mechanical coupler configured

to couple to an inner surface of headgear.

8. A headphone system, comprising:
an inflatable pouch;
an audio output device coupled to a first side of the inflatable pouch; and

an ear pad coupled to a second side of the inflatable pouch.

9. The headphone system of claim 8, wherein the audio output device includes a housing,

and the inflatable pouch is coupled to a surface of the housing.
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10.  The headphone system of claim 8, wherein the inflatable pouch includes at least one

valve that permits passage of an inflation medium into the inflatable pouch.

11.  The headphone system of claim 8, further comprising an inflation mechanism

configured to inflate the inflatable pouch.

12.  The headphone system of claim 11, wherein the inflation mechanism includes at least

one of an inflation bulb, a mechanical pump, or an electrical pump.

13. The headphone system of claim 11, further comprising a conduit coupled to the

inflatable pouch and the inflation mechanism.

14. The headphone system of claim 8, further comprising a mechanical coupler configured

to couple to an inner surface of headgear.

15. An audio system, comprising:

an audio source; and

a headphone system including,
an audio output device configured to generate output based on an audio signal

received from the audio source,

an ear pad, and
an inflatable pouch coupled to the audio output device,

wherein inflating the inflatable pouch while the headphone system is coupled to an inner
surface of headgear causes the ear pad to press against at least one of a portion

of a head of a user or a pinna of an ear of the user.

16. The audio system of claim 15, wherein the ear pad is coupled to a first side of the audio

output device, and the inflatable pouch is coupled to a second side of the audio output device.
17. The audio system of claim 15, wherein the ear pad is coupled to a first side of the

inflatable pouch, and the audio output device is coupled to a second side of the inflatable

pouch.
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18. The audio system of claim 15, further comprising a signal wire configured to couple the

audio output device to the audio source.

19. The audio system of claim 15, wherein at least a portion of a signal wire is coupled to

the audio output device and a conduit coupled to the inflatable pouch.

20. The audio system of claim 15, further comprising a power source coupled to at least one

of the audio output device or an inflation mechanism configured to inflate the inflatable pouch.
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/ 702

Couple headphone cups to inner surface of headgear

/ 704

Don headgear

/ 706
Inflate inflatable pouch of each headphone cup
to create pressure between the headphone cup and the headgear
and create a seal between the headphone cup and the ear of the user

FIG. 7

/ 802
Deflate inflatable pouch of each headphone cup
to reduce pressure between the headphone cup and the headgear

/ 804

Remove headgear

FIG. 8
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/ 902

Don headphone system

/ 904

Don headgear

/ 906
Inflate inflatable pouch of each headphone cup
to create pressure between the headphone cup and the headgear
and create a seal between the headphone cup and the ear of the user

FIG. 9

/-1 002
Deflate inflatable pouch of each headphone cup
to reduce pressure between the headphone cup and the headgear

/1 004

Remove headgear

/1 006

Remove headphone system

FIG. 10



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2021/052228

A. CLASSIFICATION OF SUBJECT MATTER
INV. HO04R1l/10 A42B3/30

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4R A42C A42B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012/102629 Al (LOTT DALE [US] ET AL) 1-7,
3 May 2012 (2012-05-03) 15-20
paragraphs [0033], [0043]; figures 1, 4
paragraph [0049]
paragraph [0051]; figure 7
paragraph [0054]
X US 5 003 631 A (RICHARDSON WILLIAM T [US]) 8-20
2 April 1991 (1991-04-02)
column 1, line 5 - line 9
column 5, line 7 - line 28; figures 6, 8
column 5, line 29 - line 54; figures 3-5
A US 2010/296682 Al (PALMER MARK ANDREW 19
[GB]) 25 November 2010 (2010-11-25)
paragraph [0038]; figure 1
-/—

|__K| Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

wy

"&" document member of the same patent family

Date of the actual completion of the international search

7 January 2022

Date of mailing of the international search report

17/01/2022

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Betgen, Benjamin

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2021/052228
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 4 763 077 A (MILLER FRANCIS M [US]) 19
9 August 1988 (1988-08-09)
column 3, line 33 - line 37; figure 1
A US 2020/215361 Al (DELPRAT JEAN-BAPTISTE 19

[FR] ET AL) 9 July 2020 (2020-07-09)
paragraph [0132]; figure 1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2021/052228
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012102629 Al 03-05-2012 NONE
US 5003631 A 02-04-1991 NONE
US 2010296682 Al 25-11-2010 GB 2450931 A 14-01-2009
GB 2463609 A 24-03-2010
Us 2010296682 Al 25-11-2010
WO 2009010788 Al 22-01-2009
US 4763077 A 09-08-1988 DE 3735831 Al 21-04-1988
FR 2605413 Al 22-04-1988
GB 2197141 A 11-05-1988
IL 84087 A 30-06-1991
JP S$63103656 A 09-05-1988
Us 4763077 A 09-08-1988
US 2020215361 Al 09-07-2020 EP 3648845 Al 13-05-2020
Us 2020215361 Al 09-07-2020
WO 2019008446 Al 10-01-2019

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report

