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Description

TECHNICAL FIELD

[0001] This disclosure relates generally to mobile
health devices, methods and systems.

DESCRIPTION OF THE RELATED TECHNOLOGY

[0002] Ear infections are the most common reason for
pediatrician visits, accounting for approximately 30 mil-
lion doctor visits per year in the United States. Some
types of healthcare are now being provided in homes or
pharmacy kiosks, in addition to hospitals and doctors’
offices. Therefore, it would be desirable to have an oto-
scope that is easier to use by technicians, parents or
patients in a home or a pharmacy setting.
[0003] Wearable otoscopes are known from docu-
ments US 2014/0073880 and US 2011/0224493.

SUMMARY

[0004] The invention is defined by claim 1. Specific em-
bodiments are set out in the dependent claims.
[0005] One innovative aspect of the subject matter de-
scribed in this disclosure can be implemented in an ap-
paratus that may include a first earbud, a second earbud
and a light source system that includes at least one light
source. The apparatus includes a light-conveying system
capable of conveying light from the light source system
to a user’s first ear and to the user’s second ear, via the
first earbud and the second earbud. In some examples,
the apparatus may include an image sensor system ca-
pable of forming images based, at least in part, on light
reflected from the user’s first ear and the user’s second
ear. According to some implementations, the apparatus
may include a control system capable of controlling the
light source system and the image sensor system.
[0006] In some implementations, the apparatus may
include an interface system. According to some such im-
plementations, the interface system may be capable of
wireless communication with a second device. In some
examples, the interface system may include one or more
types of user interface. According to some examples, the
control system may be capable of receiving instructions
from the second device, via the interface system and of
controlling the apparatus according to the instructions.
[0007] According to some examples, the control sys-
tem may be capable of providing image data to the sec-
ond device. According to some such examples, the con-
trol system may be capable of compressing the image
data prior to transmitting the image data to the second
device. In some implementations, the control system may
be capable of encrypting the image data prior to trans-
mitting the image data to the second device.
[0008] In some examples, the light-conveying system
may include optical fibers. According to some implemen-
tations, the light-conveying system may be capable of

conveying the light reflected from the user’s first ear and
the user’s second ear to the image sensor system.
[0009] According to some examples, the apparatus
may include first optical elements capable of coupling
light from the light source system into the light-conveying
system. The apparatus also may include second optical
elements capable of directing light from the light-convey-
ing system into the user’s first ear and the user’s second
ear. According to some examples, the second optical el-
ements may include micromechanical systems (MEMS)
devices. According to some such implementations, the
control system may be capable of controlling illumination
angles of light provided by the second optical elements.
In some implementations, the apparatus may include
third optical elements capable of coupling light reflected
from the user’s first ear and the user’s second ear into
the light-conveying system.
[0010] In some implementations, the apparatus may
include a headband attachable to the first earbud and
the second earbud. The headband may be capable of
holding the first earbud in a user’s first ear and of holding
the second earbud in the user’s second ear. According
to some such implementations, at least a portion of the
light-conveying system may be attached to the head-
band.
[0011] According to some examples, the first earbud,
the second earbud, or both the first and second earbuds,
may include at least a portion of the image sensor system.
In some implementations, at least a portion of the control
system may be disposed within the first earbud, the sec-
ond earbud, or both the first and the second earbud.
[0012] In some implementations, the first earbud and
the second earbud may include deformable material. Ac-
cording to some such implementations, the deformable
material may include actively deformable material. In
some examples, the actively deformable material may
include an electroactive polymer. In some such imple-
mentations, the control system may be capable of con-
trolling deformation of the actively deformable material.
[0013] According to some examples, the apparatus
may include a temperature sensor capable of measuring
the user’s body temperature. In some implementations,
the apparatus may include a biometric sensor system
capable of obtaining biometric information from the user.
For example, the biometric sensor system may include
a speaker and a microphone. According to some such
examples, the control system may be capable of control-
ling the speaker to generate input acoustic signals while
controlling the microphone to obtain output acoustic sig-
nals corresponding to the reflections of the input acoustic
signals from a user’s ear canal. In some such examples,
the control system may be capable of determining a
transfer function based, at least in part, on the input
acoustic signals and the output acoustic signals. In some
implementations, the biometric sensor system may in-
clude a fingerprint sensor system.
[0014] Some or all of the methods described herein
may be performed by one or more devices according to
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instructions (e.g., software) stored on non-transitory me-
dia. Such non-transitory media may include memory de-
vices such as those described herein, including but not
limited to random access memory (RAM) devices, read-
only memory (ROM) devices, etc. Accordingly, other in-
novative aspects of the subject matter described in this
disclosure can be implemented in a non-transitory me-
dium having software stored thereon.
[0015] Details of one or more implementations of the
subject matter described in this specification are set forth
in the accompanying drawings and the description below.
Other features, aspects, and advantages will become ap-
parent from the description, the drawings, and the claims.
Note that the relative dimensions of the following figures
may not be drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Figure 1 is a block diagram that shows examples of
components of a device in which some aspects of
the present disclosure may be implemented.

Figure 2 shows examples of otoscope system ele-
ments according to some implementations.

Figure 3 is a block diagram that outlines one example
of a method for controlling a wearable otoscope sys-
tem.

Figure 4 shows examples of otoscope system ele-
ments according to some implementations.

Figure 5 shows alternative examples of otoscope
system elements according to some implementa-
tions.

Figure 6 shows alternative examples of otoscope
system elements according to some implementa-
tions.

Figure 7 is a block diagram that shows examples of
optical elements according to some implementa-
tions.

Figures 8A and 8B are examples of cross-sections
through an earbud of an otoscope system according
to some implementations.

Figures 9A and 9B show examples of optical ele-
ments that are capable of coupling light reflected
from a user’s ear into a portion of a light-conveying
system.

Figure 10 is a block diagram that shows examples
of components of a system in which some aspects
of the present disclosure may be implemented.

DETAILED DESCRIPTION

[0017] The following description is directed to certain
implementations for the purposes of describing the inno-
vative aspects of this disclosure. However, a person hav-
ing ordinary skill in the art will readily recognize that the
teachings herein may be applied in a multitude of different
ways. It is contemplated that the described implementa-
tions may be included in or associated with a variety of
electronic devices such as, but not limited to: mobile tel-
ephones, multimedia Internet enabled cellular tele-
phones, mobile television receivers, wireless devices,
smartphones, Bluetooth® devices, personal data assist-
ants (PDAs), wireless electronic mail receivers, hand-
held or portable computers, netbooks, notebooks, smart-
books, tablets, global positioning system (GPS) receiv-
ers/navigators, cameras, camcorders, wrist watches,
electronic reading devices (e.g., e-readers), mobile
health devices, etc. The teachings herein also may be
used in applications such as, but not limited to, electronic
switching devices, radio frequency filters, sensors, in-
cluding but not limited to biometric sensors, accelerom-
eters, gyroscopes, motion-sensing devices, magnetom-
eters, inertial components for consumer electronics,
parts of consumer electronics products, varactors, liquid
crystal devices, electrophoretic devices, etc. Thus, the
teachings are not intended to be limited to the implemen-
tations depicted solely in the Figures, but instead have
wide applicability as will be readily apparent to one having
ordinary skill in the art.
[0018] The invention provides a wearable dual-ear oto-
scope. Some dual-ear otoscope implementations may
be provided in a headphone-like configuration, which
may include a headband attachable to earbuds of the
dual-ear otoscope. However, some alternative imple-
mentations may not include a headband. In some exam-
ples, at least a portion of the dual-ear otoscope may be
a disposable component. In some implementations, the
dual-ear otoscope is capable of wireless or wired com-
munication with a second device, such as a smart phone.
Wireless implementations do not need to be physically
connected with the second device. In some implemen-
tations, functionality of the dual-ear otoscope (such as
an illumination angle of light, imaging functionality, etc.)
may be controlled according to commands received from
the second device. Some examples may include one or
more additional sensors, such as temperature sensors.
[0019] Some dual-ear otoscopes disclosed herein may
be capable of aligning with earbuds properly without user
adjustment and/or holding the dual-ear otoscope firmly
in place. Accordingly, some dual-ear otoscopes dis-
closed herein may be relatively easier to use than single-
ear otoscopes that are intended for use by physicians.
Therefore, some dual-ear otoscopes disclosed herein
may be more suitable for use in the home or in a phar-
macy setting. Some dual-ear implementations may allow
both ears of a patient to be examined in less time than it
would take for a doctor to examine both ears with a single-
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ear otoscope.
[0020] Figure 1 is a block diagram that shows exam-
ples of components of a dual-ear otoscope in which some
aspects of the present disclosure may be implemented.
As with other implementations disclosed herein, the num-
bers of elements and types of elements shown in Figure
1 are merely shown by way of example. Other implemen-
tations may have more, fewer or different elements. In
the implementation shown in Figure 1, the dual-ear oto-
scope system 100 includes earbuds 105, a light source
system 110, a light-conveying system 115, an image sen-
sor system 120 and a control system 125.
[0021] The earbuds 105 may include various materi-
als, depending on the particular implementation. In some
implementations, the earbuds 105 may be disposable
components of the otoscope system 100. In such imple-
mentations, the ear buds 105 may be formed of relatively
inexpensive components and may, for example, be in-
tended for a single use. In some such implementations,
the earbuds 105 may be configured to be manually at-
tachable to, and detachable from, a connecting element
(such as a headband) without requiring the use of any
tool. For example, the earbuds 105 may be configured
to snap on and off of the headband. According to some
such implementations, the earbuds 105 may be separate
from other components of the dual-ear otoscope 100
such as the image sensor system 120 and/or the control
system 125. This may allow for disposability of the ear-
buds 105 without affecting the operation of the dual-ear
otoscope 100.
[0022] In some examples, the earbuds 105 may in-
clude deformable material, such as silicone, memory
foam, rubber, etc. According to some implementations,
the deformable material may include actively deformable
material, such as an electroactive polymer. According to
some such implementations, the control system 125 may
be capable of controlling deformation of the actively de-
formable material. For example, the control system 125
may be capable of controlling deformation of the actively
deformable material in order to optimally position a por-
tion of the light-conveying system 115 that is attached to
an earbud 105. In some examples, the control system
125 may be capable of controlling deformation of the ac-
tively deformable material in order to position a portion
of a light-coupling system, such as a lens, that is attached
to an earbud 105. The light-coupling system may, for
example, be a component of the light-conveying system
115. Some examples are described below.
[0023] The light source system 110 may include at
least one light source. In some examples, the light source
system 110 may include one or more light-emitting di-
odes or other light sources. In some implementations,
the light-conveying system 115 may include optical fib-
ers. Some examples are described below. In this exam-
ple, the light-conveying system 115 is capable of con-
veying light from the light source system 110 to a user’s
first ear and the user’s second ear, via a first earbud 105a
and a second earbud 105b. The light-conveying system

115 is capable of conveying light to the earbuds 105 from
a light source system 110 that is located outside of the
earbuds 105.
[0024] The image sensor system 120 may be capable
of forming images based, at least in part, on light reflected
from a user’s ear, e.g., light reflected from the user’s right
ear and light reflected from the user’s left ear. For exam-
ple, one portion of the light-conveying system 115 may
be capable of conveying light to a user’s ear via one of
the earbuds 105. The earbud 105 may be capable of
capturing at least part of the reflected light, for example
via one or more lenses, and of coupling the reflected light
into a second portion of the light-conveying system 115.
The second portion of the light-conveying system 115
may be capable of conveying the reflected, coupled light
to the image sensor system 120. The image sensor sys-
tem 120 may, for example, include one or more arrays
of semiconductor charge-coupled devices (CCD), com-
plementary metal-oxide-semiconductor (CMOS) devices
or N-type metal-oxide-semiconductor (NMOS) devices.
In some implementations, the earbuds 105 may include
at least a portion of the image sensor system 120. How-
ever, in some implementations the light-conveying sys-
tem 115 may be capable of conveying the light reflected
from the user’s first ear and the user’s second ear from
the earbuds 105 to at least a portion of the image sensor
system 120 that is located separate from and/or in an-
other part of the otoscope system 100.
[0025] According to some implementations, the image
sensor system 120 may include and/or be a component
of a sensor system that includes other types of sensors.
In some such examples, the other sensors may include
one or more temperature sensors. For example, some
implementations may include a temperature sensor in at
least one earbud of the earbuds 105. The temperature
sensor may be capable of determining a user’s body tem-
perature. The temperature sensor may be capable of pro-
viding an indication of the temperature of a user’s ear to
the control system 125.
[0026] The control system 125 may include at least
one of a general purpose single- or multi-chip processor,
a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete
gate or transistor logic, or discrete hardware compo-
nents. The control system 125 may be capable of per-
forming some or all of the methods described herein. In
some implementations, the control system 125 may be
capable of controlling one or more components of the
otoscope system 100. For example, in one implementa-
tion, the control system 125 is capable of controlling the
light source system 110, the light conveying system 115
and the image sensor system 120.
[0027] In some implementations, the control system
125 may be capable of controlling the otoscope system
100 according to instructions (e.g., software) stored on
non-transitory media. Such non-transitory media may in-
clude one or more memory devices of the otoscope sys-
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tem 100, which may include one or more random access
memory (RAM) devices, one or more read-only memory
(ROM) devices, etc. Accordingly, at least some aspects
of the subject matter disclosed herein may be implement-
ed via a non-transitory medium having software stored
thereon.
[0028] In the example shown in Figure 1, the otoscope
system 100 includes an optional interface system 130.
The interface system 130 includes a wireless interface
system in this example. In some implementations, the
interface system 130 may include a network interface,
an interface between the control system 125 and a mem-
ory system and/or an external device interface (e.g., a
port). In this implementation, the otoscope system 100
is capable of wireless communication with a second de-
vice via the interface system 130. Some examples are
described below.
[0029] Figure 2 shows examples of elements of an oto-
scope system 100 according to some implementations.
As with other implementations disclosed herein, the num-
bers of elements and types of elements shown in Figure
2 are merely shown by way of example. Other implemen-
tations may have more, fewer or different elements. In
this implementation, the otoscope system 100 includes
a connecting element 210 that is capable of connecting
the earbuds 105a and 105b with the unit 205. In some
examples, the connecting element 210 may be a head-
band that is attachable to the earbuds 105a and 105b
and that is capable of holding the earbud 105a in the user
215’s ear 220a and of holding the earbud 105a in the
user 215’s ear 220b. Some such implementations may
be capable of holding the earbuds 105a and 105b firmly
in place and of aligning the earbuds 105a and 105b prop-
erly without the need for user adjustment.
[0030] The light source system is a unit 205 and in-
cludes the light source 110, the image sensor system
120, the control system 125 and/or the interface system
130 that are shown in Figure 1. However, one or more
of these elements may be included in other components
of the otoscope system 100, such as in one or both of
the earbuds 105a and 105b. The connecting element 210
may include at least a portion of the light-conveying sys-
tem 115, such as optical fibers, capable of conveying
light from a light source of the unit 205 to the earbuds
105a and 105b.
[0031] In some implementations, the unit 205 may in-
clude at least a portion of the image sensor system 120.
According to some such implementations, a portion of
the light-conveying system 115 included in, or attached
to, the connecting element 210 may be capable of con-
veying light from the earbuds 105a and 105b to at least
a portion of the image sensor system 120 included in the
unit 205. In some such implementations, at least some
optical fibers of the light-conveying system 115 may be
disposed within the connecting element 210.
[0032] In this example, as shown for example in Figure
1, the otoscope system 100 includes an interface system
130 (not shown in Figure 2) that is capable of wireless

communication with a second device, such as a wireless
mobile device. According to some such implementations,
the unit 205 may include at least a portion of the interface
system 130. Alternatively, or additionally, the earbud
105a, the earbud 105b, or both of the earbuds 105a and
105b may include at least a portion of the interface sys-
tem 130. In the example shown in Figure 2, the otoscope
system 100 is in communication with a smart phone 200
via the interface system 130.
[0033] According to some examples, the control sys-
tem 125 may be capable of providing image data, via the
interface system 130, to a second device. In this example,
the control system 125 may be capable of providing im-
age data, via the interface system 130, to the smart phone
200 that is shown in Figure 2. If the second device in-
cludes a display, the second device may be capable of
displaying images that correspond with the received im-
age data. For example, the smart phone 200 may be
capable of displaying images on the display system 230
of the ear 220a, the ear 220b, or both, corresponding to
image data received from the otoscope system 100.
[0034] Figure 3 is a block diagram that outlines one
example of a method for controlling a wearable otoscope
system. The blocks of method 300, like other methods
described herein, are not necessarily performed in the
order indicated. Moreover, such methods may include
more or fewer blocks than shown and/or described. In
one example, the method may be implemented by the
dual-ear otoscope 100 described in Figures 1 and 2. The
blocks of method 300 may, for example, be performed
by a control system such as the control system 125 that
is shown in Figure 1 and described above. Although the
blocks of method 300 are described below with reference
to Figures 1 and 2, method 300 also may be performed
by alternative otoscope systems 100, such as the alter-
native implementations disclosed herein.
[0035] In this example, block 305 involves conveying
light from a light source system to a user’s first ear and
the user’s second ear, via a first earbud and a second
earbud. According to some implementations described
above with reference to Figures 1 and 2, block 305 may
involve conveying light from a light source of the unit 205
to the ear 220a and the ear 220b via a light-conveying
system 115. The light-conveying system 115 may include
optical fibers within or on the connecting element 210.
The light-conveying system 115 may include optical fib-
ers within or on the earbuds 105a and 105b. In some
examples, the light-conveying system 115 (or another
part of the otoscope system 100) may include optical
elements within or on the earbuds 105a and 105b, such
as lenses, mirrors, micromechanical systems (MEMS)
devices, etc., as described elsewhere herein.
[0036] In this implementation, block 310 involves form-
ing image data based, at least in part, on light reflected
from the user’s first ear and the user’s second ear. Block
310 may, for example, be performed by an image sensor
system such as the image sensor system 120 disclosed
herein. In some examples, block 310 may be performed
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by portions of an image sensor system 120 that is includ-
ed in the earbuds 105a and 105b. In alternative exam-
ples, block 310 may be performed by portions of an image
sensor system 120 that is included in another part of the
otoscope system 100, such as the unit 205. In some im-
plementations, block 310 may be performed by an image
sensor system 120 that is included in another device,
such as the smart phone 200 that is shown in Figure 2.
The interface system 130 may include apparatus for cou-
pling light to a camera of another device. In some such
examples, the otoscope system 100 may include a light-
conveying system 115 that is capable of conveying light
to another device via the interface system 130.
[0037] According to this example, optional block 315
involves compressing the image data. The image data
that is provided by the otoscope system 100 may, in some
examples, be video data. Transmitting uncompressed
video data may require a high data rate. Likewise, storing
uncompressed video data may require a significant
amount of memory. Accordingly, in some implementa-
tions, the control system 125 may be capable of com-
pressing image data prior to transmitting the image data
to a second device. According to some such implemen-
tations, the control system 125 may be capable of com-
pressing image data via a lossy compression algorithm,
such as a Moving Picture Experts Group (MPEG) com-
pression algorithm, (for example, according to the
MPEG-4 standard). However, in alternative implementa-
tions the control system 125 may be capable of com-
pressing image data via a different lossy compression
method or via a lossless compression method.
[0038] In this example, optional block 320 involves en-
crypting the image data. Block 320 may, for example, be
performed by a control system such as the control system
125 disclosed herein. According to some examples, the
control system 125 may be capable of encrypting image
data via symmetric-key cryptography. In some such ex-
amples, the control system 125 may be capable of en-
crypting image data via a block cipher cryptographic
method, e.g., according to the Data Encryption Standard
(DES) or the Advanced Encryption Standard (AES). In
some implementations, the control system 125 may be
capable of encrypting image data via a cryptographic
hash function, such as one of the Secure Hash Algorithm
(SHA) series of functions, e.g., the SHA-1, the SHA-2 or
the SHA-3 algorithm. According to some examples, the
control system 125 may be capable of encrypting image
data via asymmetric-key cryptography methods, such as
public-key cryptography methods.
[0039] According to this example, block 325 involves
providing, via a wireless interface system, the image data
to a second device. In the example shown in Figure 2,
block 325 may involve providing, via a wireless interface
system (e.g. of the unit 205), the image data to the smart
phone 200.
[0040] In some implementations, the control system
125 may be capable of receiving instructions from a sec-
ond device, via the interface system 130, and of control-

ling the otoscope system 100 according to the instruc-
tions. According to some such examples, the instructions
may be sent from a smart phone, such as the smart phone
200 that is shown in Figure 2. The instructions may cor-
respond with user input received by the smart phone 200,
e.g., via a user interface of the smart phone 200. How-
ever, in some examples the instructions may originate
from another device, which may or may not be in the
vicinity of the otoscope system 100. Some examples are
described below.
[0041] The smart phone 200 of Figure 2 (or another
device) may be capable of receiving user input that is
based, at least in part, a user’s responses to the displayed
images. For example, a user may desire to adjust the
illumination provided by the light-conveying system 115,
the focus of a lens in the earbud 105a or the earbud 105b,
the intensity of light provided by the light source system
110, etc., in response to the displayed images and may
provide corresponding user input to the smart phone 200.
The smart phone 200 may be capable of sending instruc-
tions to the otoscope system 100 that correspond with
the user input, e.g., via a user interface of the smart phone
200. According to some implementations, the interface
system 130 may include a user interface that is capable
of receiving user input. Such implementations may be
capable of receiving user instructions directly, without
the need for receiving the instructions via a second device
such as the smart phone 200.
[0042] The control system 125 may be capable of re-
ceiving the instructions, via the interface system 130, and
of controlling the otoscope system 100 according to the
instructions. For example, in some implementations the
light-conveying system 115 may include optical elements
that are capable of controlling illumination angles of light
provided by the light-conveying system 115 (or by anoth-
er part of the otoscope system 100). In some such im-
plementations, the optical elements may include one or
more mirrors, lenses, etc. According to some such im-
plementations, the optical elements may include one or
more micromechanical systems (MEMS) devices. In
some examples, the control system 125 may be capable
of controlling illumination angles of light provided by the
optical elements by providing signals to the optical ele-
ments. The signals may correspond with instructions re-
ceived via the interface system 130.
[0043] In some implementations, the instructions re-
ceived by the control system 125 may include instructions
for controlling the intensity of light provided by the light
source system 110. The control system 125 may be ca-
pable of controlling the light source system 110 according
to the instructions.
[0044] As noted above, the earbuds 105a and 105b
may include deformable material. In some implementa-
tions, the deformable material may include actively de-
formable material, such as an electroactive polymer. Ac-
cording to some such implementations, the control sys-
tem 125 may be capable of controlling deformation of the
actively deformable material. For example, the control
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system 125 may be capable of controlling deformation
of the actively deformable material in order to adjust the
position of a portion of the light-conveying system 115
(or another optical element of the otoscope system 100)
that is attached to an earbud 105, in response to instruc-
tions received from a second device via the interface sys-
tem 130. In some examples, the control system 125 may
be capable of controlling deformation of the actively de-
formable material in order to adjust the position of a por-
tion of a light-coupling system, such as a lens, that is
attached to an earbud 105, in response to instructions
received from a second device via the interface system
130.
[0045] Figure 4 shows examples of otoscope system
elements according to some implementations. As with
other implementations disclosed herein, the numbers of
elements and types of elements shown in Figure 4 are
merely shown by way of example. Other implementations
may have more, fewer or different elements. In this im-
plementation, the otoscope system 100 includes con-
necting element 210, a headband in this example, capa-
ble of connecting the earbuds 105 a and 105b with the
unit 205. In this example, the connecting element 210 is
attachable to the earbuds 105a and 105b and is capable
of holding the earbud 105a in the user 215’s ear 220a
and of holding the earbud 105a in the user 215’s ear
220b. Some such implementations may be capable of
holding the earbuds 105a and 105b firmly in place and/or
aligning the earbuds 105a and 105b properly without the
need for user adjustment.
[0046] The unit 205 includes the light source 110. In
this example, the unit 205 is attached to the connecting
element 210. The connecting element 210 may include
at least a portion of the light-conveying system 115, such
as optical fibers, capable of conveying light from a light
source of the light source system 110 to the earbuds 105
a and 105b. In some implementations, the unit 205 may
include at least a portion of the image sensor system 120
and the control system 125. According to some such im-
plementations, a portion of the light-conveying system
115 included in, or attached to, the connecting element
210 may be capable of conveying light from the earbuds
105a and 105b to at least a portion of the image sensor
system 120 included in the unit 205. In some such im-
plementations, at least some optical fibers of the light-
conveying system 115 may be disposed within or on the
connecting element 210.
[0047] However, in some implementations at least a
portion of the image sensor system 120 may be disposed
in the earbud 105a, in the earbud 105b, or in both of the
earbuds 105a and 105b. In some such examples, por-
tions of the image sensor system 120 that are disposed
in the earbuds 105a and 105b may be capable of provid-
ing image data to the control system 125, via wired or
wireless communication. According to some such exam-
ples, portions of the image sensor system 120 that are
disposed in the earbuds 105a and 105b may be capable
of providing image data to the control system 125 via

wires that are attached to, or included in, the connecting
element 210.
[0048] In this implementation, the otoscope system
100 is capable of providing image data to a second de-
vice, which is the smart phone 200 in this example. In
some implementations, the otoscope system 100 may
be capable of receiving instructions from a second de-
vice, such as the smart phone 200, and of controlling the
otoscope system 100 according to the instructions.
[0049] Figure 5 shows alternative examples of oto-
scope system elements according to some implementa-
tions. As with other implementations disclosed herein,
the numbers of elements and types of elements shown
in Figure 5 are merely shown by way of example. Other
implementations may have more, fewer or different ele-
ments. In this implementation, the otoscope system 100
includes connecting element 210 that is capable of con-
necting the earbuds 105a and 105b with the unit 205.
However, in this example the connecting element 210 is
not intended to be worn as a headband. Instead, the unit
205 is intended to dangle from the connecting element
210. In some examples, as shown in Figure 5, the oto-
scope system 100 may be designed such that the unit
205 is intended to dangle below the head of a user 215
when the otoscope system 100 is worn.
[0050] According to such examples, the connecting el-
ement 210 may or may not be capable of holding the
earbud 105a in the user 215’s ear 220a and of holding
the earbud 105a in the user 215’s ear 220b, depending
on the particular implementation. In some implementa-
tions, the connecting element 210 may include a material
with sufficient stiffness such that the connecting element
210 is capable of holding the earbuds 105a and 105b
firmly in place and of aligning the earbuds 105a and 105b
properly without the need for user adjustment. For ex-
ample, the connecting element 210 may be formed of
metal, a rigid plastic, etc. However, in alternative imple-
mentations, the connecting element 210 may not be
formed of a rigid material.
[0051] The unit 205 includes the light source 110. In
this example, the unit 205 is attached to the connecting
element 210. The connecting element 210 may include
at least a portion of the light-conveying system 115, such
as optical fibers, capable of conveying light from a light
source of the light source system 110 to the earbuds 105
a and 105b. In some implementations, the unit 205 may
include at least a portion of the image sensor system 120
and the control system 125. According to some such im-
plementations, a portion of the light-conveying system
115 included in, or attached to, the connecting element
210 may be capable of conveying light from the earbuds
105a and 105b to at least a portion of the image sensor
system 120 included in the unit 205. In some such im-
plementations, at least some optical fibers of the light-
conveying system 115 may be disposed within or on the
connecting element 210.
[0052] However, in some implementations at least a
portion of the image sensor system 120 may be disposed
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in the earbud 105a, in the earbud 105b, or in both of the
earbuds 105a and 105b. In some such examples, por-
tions of the image sensor system 120 that are disposed
in the earbuds 105a and 105b may be capable of provid-
ing image data to the control system 125, via wired or
wireless communication. According to some such exam-
ples, portions of the image sensor system 120 that are
disposed in the earbuds 105a and 105b may be capable
of providing image data to the control system 125 via
wires that are attached to, or included in, the connecting
element 210.
[0053] In this implementation, the otoscope system
100 is capable of providing image data to a second de-
vice, which is the smart phone 200 in this example. Ac-
cording to the example shown in Figure 5, the unit 205
includes an interface system 130 capable of providing
wireless communication between the otoscope system
100 and a second device. In some implementations, the
otoscope system 100 may be capable of receiving in-
structions from a second device, such as the smart phone
200, and of controlling the otoscope system 100 accord-
ing to the instructions.
[0054] Figure 6 shows alternative examples of oto-
scope system elements not forming part of the invention.
As with other implementations disclosed herein, the num-
bers of elements and types of elements shown in Figure
6 are merely shown by way of example. Other implemen-
tations may have more, fewer or different elements. In
this implementation, the otoscope system 100 does not
include a connecting element 210 for connecting the ear-
buds 105a and 105b. Moreover, in this example the oto-
scope system 100 does not include an element, separate
from the earbuds 105a and 105b, which is comparable
to the unit 205. Instead, in this example the earbuds 105a
and 105b include all of the elements shown in Figure 1:
here, each of the earbuds 105a and 105b includes a light
source system 110, a light-conveying system 115, an
image sensor system 120, a control system 125 and an
interface system 130.
[0055] Figure 7 is a block diagram that shows exam-
ples of optical elements according to some implementa-
tions. As with other implementations disclosed herein,
the numbers of elements and types of elements shown
in Figure 7 are merely shown by way of example. Other
implementations may have more, fewer or different ele-
ments. In this implementation, the optical system 700
includes optical elements 705-715. According to this ex-
ample, the optical elements 705 are capable of coupling
light from the light source system into the light-conveying
system 115. In this implementation, the optical elements
710 are capable of directing light from the light-conveying
system 115 into a user’s first ear and the user’s second
ear. In this example, the optical elements 715 are capable
of coupling light reflected from the user’s first ear and the
user’s second ear into the light-conveying system 115.
[0056] The optical elements 705-715 may, for exam-
ple, include one or more mirrors, lenses, etc. According
to some such implementations, the optical elements may

include one or more MEMS devices. In some examples,
the control system 125 may be capable of controlling
illumination angles of light provided by the light-convey-
ing system 115 by providing signals to the optical ele-
ments. The signals may correspond with instructions re-
ceived from a second device via the interface system 130.
[0057] Figures 8A and 8B are examples of cross-sec-
tions through an earbud of an otoscope system according
to some implementations. As with other implementations
disclosed herein, the numbers of elements and types of
elements shown in Figures 8A and 8B are merely shown
by way of example. Other implementations may have
more, fewer or different elements. In this example, Fig-
ures 8A and 8B are cross-sections taken through the
cross-section line 250 that is shown in Figure 2. Accord-
ingly, Figures 8A and 8B are cross-sections taken
through the earbud 105b in this example.
[0058] In the implementations shown in Figures 8A and
8B, the earbud 105b includes an optical element 715 in
a central portion of the earbud 105b. The optical element
715 may, for example, be a lens or a lens system that is
capable of coupling light reflected from a user’s ear into
a portion of a light-conveying system 115. Other exam-
ples may include additional optical elements 715, an op-
tical elements 715 positioned in a different area of the
earbud 105b, or both.
[0059] According to the example shown in Figure 8A,
the earbud 105b includes four optical fiber bundles 805
surrounding the optical element 715, whereas in the ex-
ample shown in Figure 8B, the earbud 105b includes
three optical fiber bundles 805 surrounding the optical
element 715. In both examples, the optical fiber bundles
805 are part of a light-conveying system 115 that is ca-
pable of conveying light from a light source system 110.
In both examples, the optical fiber bundles 805 are ca-
pable of conveying light to one or more instances of op-
tical elements 710, which is (or are) capable of directing
light from the light-conveying system 115 into a user’s
ear. The optical element(s) 710 may include one or more
lenses, mirrors, MEMS devices, etc. The optical element
710 may be positioned near a tip area of the earbud 105.
[0060] Figures 9A and 9B show examples of optical
elements that are capable of coupling light reflected from
a user’s ear into a portion of a light-conveying system.
As with other implementations disclosed herein, the num-
bers of elements and types of elements shown in Figures
9A and 9B are merely shown by way of example. Other
implementations may have more, fewer or different ele-
ments. In this example, the optical element 715a shown
in Figure 9A and the optical element 715b shown in Fig-
ure 9B both include a monocentric lens 900, which has
spherical optical surfaces that share a single center of
curvature. In these examples, the monocentric lenses
900 are "two-glass" monocentric lenses, including an in-
ner portion 905 having a radius r1 and an outer portion
910 having a radius r2 from the same center 915. How-
ever, such monocentric lenses 900 are not necessarily
formed of glass, but may instead be formed of any ap-
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propriate transparent or substantially transparent mate-
rial, such as plastic. According to some examples, radius
r1 may be in the range of 3.73 mm to 3.78 mm and radius
r2 may be in the range of 7.58 mm to 9.05 mm. The inner
portion 905 and the outer portion 910 may have different
indices of refraction. For example, in some implementa-
tions the inner portion 905 may have an index of refraction
in the range of 1.81 to 1.85 and the outer portion 910
may have an index of refraction in the range of 1.95 to
2.03.
[0061] Some implementations of the monocentric lens
900 may include a physical aperture stop or "iris," which
may be within the monocentric lens. In some such im-
plementations, a physical aperture stop may be provided
by fabricating inner portion 905 as two hemispherical el-
ements. However, other implementations of the mono-
centric lens 900 may include a virtual aperture stop, which
may be achieved by limiting light transmission in the im-
age transfer optics.
[0062] In the implementation shown in Figure 9A, the
optical element 715a includes image sensor system 920,
which is a portion of the image sensor system 120 of an
otoscope system 100. The image sensor system 920
may, for example, include one or more arrays of semi-
conductor charge-coupled devices (CCD), complemen-
tary metal-oxide-semiconductor (CMOS) devices or N-
type metal-oxide-semiconductor (NMOS) devices. The
image sensor system 920 may be capable of providing
image data to a control system 125 of the otoscope sys-
tem 100.
[0063] In the implementation shown in Figure 9B, the
optical element 715b does not include an image sensor
system. Instead, the optical element 715b includes a plu-
rality of optical fiber bundles 925, which are portions of
the light-conveying system 115 of an otoscope system
100. The optical fiber bundles 925 may be straight or
tapered optical fiber bundles, depending on the particular
implementation. Some implementations of the optical el-
ement 715b that include a monocentric lens 900 having
a physical aperture stop may, for example, include
straight optical fiber bundles whereas some implemen-
tations of the optical element 715b that include a mono-
centric lens 900 having a virtual aperture stop may in-
clude tapered optical fiber bundles.
[0064] In some examples, the optical fiber bundles 925
may be capable of providing light reflected from an ear
to an image sensor system 120 that is disposed in an-
other element of the otoscope system 100. In alternative
examples, the optical fiber bundles 925 may be capable
of providing light reflected from an ear to an image sensor
system 120 that is disposed in a local portion of an image
sensor system 120 that is disposed in an earbud.
[0065] Figure 10 is a block diagram that shows exam-
ples of components of a system in which some aspects
of the present disclosure may be implemented. The num-
bers, types and arrangements of devices shown in Figure
10 are merely shown by way of example. In this example,
various devices are capable of communication via one

or more networks 1017. The networks 1017 may, for ex-
ample, include the public switched telephone network
(PSTN), including cellular telephone networks, the Inter-
net, etc. The mobile devices 1000a and 1000b shown in
Figure 10 may, for example, include personal computing
devices such as smart phones, cellular telephones, tablet
devices, etc.
[0066] At location 1020, a mobile device 1000a is ca-
pable of wireless communication with the otoscope sys-
tem 100. The mobile device 1000a is one example of a
"second device" referenced in the foregoing discussion.
The mobile device 1000a may, for example, be capable
of executing software to perform some of the methods
described herein, such as receiving image data, decrypt-
ing image data, displaying images corresponding with
received image data, receiving user input and sending
control signals to the otoscope system 100, etc.
[0067] In this example, a data center 1045 includes
various devices that may be capable of providing health
information services via the networks 1017. Accordingly,
the data center 1045 is capable of communication with
the networks 1017 via the gateway 1025. Switches 1050
and routers 1055 may be capable of providing network
connectivity for devices of the data center 1045, including
storage devices 1060, servers 1065 and workstations
1070. Although only one data center 1045 is shown in
Figure 10, some implementations may include multiple
data centers 1045.
[0068] One or more types of devices in the data center
1045 (or elsewhere) may be capable of executing mid-
dleware, e.g., for data management and/or device com-
munication. Health-related information, including but not
limited to information obtained by networked otoscope
systems 100, may be uploaded (e.g., from mobile devic-
es such as mobile device 1000a) and stored on storage
devices 1060 and/or servers 1065. Health-related soft-
ware also may be stored on storage devices 1060 and/or
servers 1065. In some implementations, some such
health-related software may be available as "apps" and
downloadable by authorized users. Some such apps may
be executable on devices that are capable of communi-
cation with otoscope systems 100, such as the mobile
device 1000a.
[0069] In this example, various people and/or entities,
including but not limited to health care professionals, pa-
tients, patients’ families, insurance company represent-
atives, etc., may obtain information regarding, or ob-
tained by, otoscope systems 100. The information may
include, but may not be limited to, image data obtained
by one or more otoscope systems 100, other sensor data
(such as temperature data) obtained by one or more oto-
scope systems 100, etc.
[0070] In some examples, authorized people and/or
entities may obtain such information via the data center
1045. Alternatively, at least some people and/or entities
may be authorized to obtain such information via a data
feed from otoscope systems 100, e.g., via corresponding
devices that are in communication with the otoscope sys-
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tems 100. Accordingly, in some examples one or more
other devices (such as mobile devices 1000 or devices
of the data center 1045) may act as intermediaries for
such data feeds. Such devices may, for example, be ca-
pable of applying data encoding algorithms, data com-
pression algorithms, data encryption algorithms, data fil-
tering algorithms, executing data summary and/or anal-
ysis software, etc. In some implementations, data encod-
ing algorithms, data decoding algorithms, data compres-
sion algorithms, data encryption and decryption algo-
rithms, data filtering, summary software, analysis soft-
ware, etc., may be available as "apps" and downloadable
(e.g., from the data center 1045) by authorized users.
[0071] In this example, a family member of an author-
ized user is logging into the system, via the mobile device
1000b, in order to access physiological data obtained by
the otoscope system 100 from the user 215 in location
1020. Figure 10 also depicts a doctor’s office 1005, from
which a health care professional 1010 is using a laptop
1015 to access information from the data center 1045.
The information may include information obtained by the
otoscope system 100, or by other the otoscope systems
100.
[0072] Some implementations disclosed herein may
be capable of providing authentication and/or identifica-
tion functionality. For example, one of the servers 1065
of the data center 1045 may be capable of controlling
access to information obtained by networked otoscope
systems 100. In some such examples, a server 1065 may
provide access to such information only after a user has
provided an authentic user name and a corresponding
password, e.g., via the mobile device 1000b or the laptop
1015, which have been accepted by the server 1065.
The user name and password may have been estab-
lished during a prior enrollment process.
[0073] According to some implementations, one or
more of the devices shown in Figure 10 may be capable
of obtaining biometric information. For example, in some
implementations the mobile device 1000a, the mobile de-
vice 1000b and/or the laptop 1015 may include a biomet-
ric sensor system, which may include a fingerprint sensor
system, a camera system, etc. In some examples, a serv-
er 1065 may provide access to information obtained by
networked otoscope systems 100 only after a user has
provided fingerprint information or other biometric infor-
mation (e.g., via the mobile device 1000a, the mobile
device 1000b or the laptop 1015) that has been authen-
ticated by the server 1065. (As used herein, "fingerprint
information" includes print information corresponding to
any digit, including fingerprint images and thumbprint im-
ages.) The server 1065 may, for example, compare the
provided fingerprint or other biometric information (also
referred to herein as "currently-obtained biometric infor-
mation") with stored biometric information that was ob-
tained during a prior enrollment process (also referred to
herein as "previously-obtained biometric information").
[0074] In alternative implementations, another device
may be capable of providing authentication and/or iden-

tification functionality. For example, in some implemen-
tations, a control system 125 of an otoscope system 100,
a control system of a mobile device, or both, may include
authentication and/or identification functionality.
[0075] In some implementations, biometric information
may be used to verify the identity of a user of an otoscope
system 100, the identity of a user of an associated mobile
device, or both. For example, referring to Figure 10, in
some instances the user 215 may be controlling the mo-
bile device 1000a while the otoscope system 100 is ob-
taining image data from ears of the user 215. However,
in other instances another person, such as a doctor, a
nurse, a pharmacy employee, a parent, or another care
provider may be using the mobile device 1000a while the
otoscope system 100 is obtaining image data from ears
of the user 215.
[0076] In some examples, a biometric sensor system
of the mobile device 1000a, such as a fingerprint sensor
system, may obtain biometric information from a user.
Alternatively, or additionally, in some examples a biomet-
ric sensor system of the otoscope system 100 may obtain
biometric information from a user. Some examples are
described below. A control system may perform an au-
thentication process that is based, at least in part, on the
biometric information in order to verify the identity of the
user. For example, the authentication process may in-
volve comparing currently-obtained biometric informa-
tion with previously-obtained biometric information from
an authorized user. Depending on the particular imple-
mentation, the control system may reside in the mobile
device 1000a, in the otoscope system 100 or in another
device (such as a server 1065).
[0077] If the authentication process is successful, in
some implementations the control system may authorize
a user whose identity has been verified to control the
otoscope system 100 via the mobile device 1000a and/or
to receive information from the otoscope system 100 via
the mobile device 1000a. In some implementations, the
image data and/or other sensor data that are acquired
by the otoscope system 100 may be associated with iden-
tity information of the user. For example, the image data
and/or other sensor data that are acquired by the oto-
scope system 100 may be stored in a data structure that
also includes the identity information of the user. In some
examples, the identity information may include the user’s
name. In some instances, the identity information may
include at least some of the biometric information that
was obtained during the authentication process, such as
fingerprint information.
[0078] As noted above, in some examples, the oto-
scope system 100 may be capable of obtaining biometric
information from a user. The shape of the outer ear, in-
cluding the folds of the pinna and the length and shape
of the ear canal, can vary significantly from person to
person. Therefore, according to some such examples,
the biometric information obtained by the otoscope sys-
tem 100 may include image data obtained from one or
more of the user’s ears.
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[0079] In another example, the structural differences
between human ears also may be determined by acous-
tical measurements. There is evidence in the relevant
scientific literature indicating that structural differences
between human ears that are determined by acoustical
measurements may be even more pronounced than
structural differences between human ears that are de-
termined according to image data.
[0080] Therefore, according to some such examples,
the biometric information obtained by the otoscope sys-
tem 100 may include information that corresponds to the
acoustical properties of one or more of the user’s ears.
According to some such examples, the biometric infor-
mation may include information corresponding to a
"transfer function" of one or more of the user’s ear canals.
One or more features of the transfer function (such as
amplitude information, phase information, delay informa-
tion, etc.) may be evaluated in order to compare currently-
obtained biometric information with previously-obtained
biometric information.
[0081] In some such implementations, at least one ear-
bud 105 of the otoscope system 100 may include a
speaker and a microphone. The control system 125 may
be capable of controlling the speaker to generate input
acoustic signals while controlling the microphone to ob-
tain output acoustic signals corresponding to the reflec-
tions of the input acoustic signals from a user’s ear canal.
[0082] The control system 125 may be capable of de-
termining a transfer function based, at least in part, on
the input acoustic signals and the output acoustic signals.
According to some implementations, part of the process
of determining the transfer function may involve convert-
ing the input acoustic signals and the output acoustic
signals from the time domain to the frequency domain.
According to some such implementations, the control
system 125 may be capable of determining the transfer
function by performing operations on the input acoustic
signals and the output acoustic signals in the frequency
domain. In some examples, the control system 125 may
be capable of determining the transfer function by divid-
ing the frequency-domain output acoustic signals by the
frequency-domain input acoustic signals.
[0083] However, in other implementations the control
system 125 may be capable of determining the transfer
function by applying an adaptive filter to minimize an error
signal. The error signal may, for example, correspond
with a difference between the output acoustic signals and
an estimate of the transfer function that is based, in part,
on the input acoustic signals.
[0084] As used herein, a phrase referring to "at least
one of’ a list of items refers to any combination of those
items, including single members. As an example, "at
least one of: a, b, or c" is intended to cover: a, b, c, a-b,
a-c, b-c, and a-b-c.
[0085] The various illustrative logics, logical blocks,
modules, circuits and algorithm processes described in
connection with the implementations disclosed herein
may be implemented as electronic hardware, computer

software, or combinations of both. The interchangeability
of hardware and software has been described generally,
in terms of functionality, and illustrated in the various il-
lustrative components, blocks, modules, circuits and
processes described above. Whether such functionality
is implemented in hardware or software depends upon
the particular application and design constraints imposed
on the overall system.
[0086] The hardware and data processing apparatus
used to implement the various illustrative logics, logical
blocks, modules and circuits described in connection with
the aspects disclosed herein may be implemented or per-
formed with a general purpose single- or multi-chip proc-
essor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable
gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware com-
ponents, or any combination thereof designed to perform
the functions described herein. A general purpose proc-
essor may be a microprocessor, or, any conventional
processor, controller, microcontroller, or state machine.
A processor also may be implemented as a combination
of computing devices, e.g., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration. In some implementa-
tions, particular processes and methods may be per-
formed by circuitry that is specific to a given function.
[0087] In one or more aspects, the functions described
may be implemented in hardware, digital electronic cir-
cuitry, computer software, firmware, including the struc-
tures disclosed in this specification and their structural
equivalents thereof, or in any combination thereof. Im-
plementations of the subject matter described in this
specification also may be implemented as one or more
computer programs, i.e., one or more modules of com-
puter program instructions, encoded on a computer stor-
age media for execution by, or to control the operation
of, data processing apparatus.
[0088] If implemented in software, the functions may
be stored on or transmitted over as one or more instruc-
tions or code on a computer-readable medium, such as
a non-transitory medium. The processes of a method or
algorithm disclosed herein may be implemented in a
processor-executable software module which may re-
side on a computer-readable medium. Computer-read-
able media include both computer storage media and
communication media including any medium that may
be enabled to transfer a computer program from one
place to another. Storage media may be any available
media that may be accessed by a computer. By way of
example, and not limitation, non-transitory media may
include RAM, ROM, EEPROM, CD-ROM or other optical
disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that may be used
to store desired program code in the form of instructions
or data structures and that may be accessed by a com-
puter. Also, any connection may be properly termed a
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computer-readable medium. Disk and disc, as used here-
in, includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk, and blu-ray disc
where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations
of the above should also be included within the scope of
computer-readable media. Additionally, the operations
of a method or algorithm may reside as one or any com-
bination or set of codes and instructions on a machine
readable medium and computer-readable medium,
which may be incorporated into a computer program
product.
[0089] Various modifications to the implementations
described in this disclosure may be readily apparent to
those having ordinary skill in the art, and the generic prin-
ciples defined herein may be applied to other implemen-
tations without departing from the scope of this disclo-
sure. Thus, the disclosure is not intended to be limited
to the implementations shown herein, but is to be accord-
ed the widest scope consistent with the claims, the prin-
ciples and the novel features disclosed herein. The word
"exemplary" is used exclusively herein, if at all, to mean
"serving as an example, instance, or illustration." Any
implementation described herein as "exemplary" is not
necessarily to be construed as preferred or advanta-
geous over other implementations.
[0090] Certain features that are described in this spec-
ification in the context of separate implementations also
may be implemented in combination in a single imple-
mentation. Conversely, various features that are de-
scribed in the context of a single implementation also
may be implemented in multiple implementations sepa-
rately or in any suitable subcombination. Moreover, al-
though features may be described above as acting in
certain combinations and even initially claimed as such,
one or more features from a claimed combination may
in some cases be excised from the combination, and the
claimed combination may be directed to a subcombina-
tion or variation of a subcombination.
[0091] Similarly, while operations are depicted in the
drawings in a particular order, this should not be under-
stood as requiring that such operations be performed in
the particular order shown or in sequential order, or that
all illustrated operations be performed, to achieve desir-
able results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the
separation of various system components in the imple-
mentations described above should not be understood
as requiring such separation in all implementations, and
it should be understood that the described program com-
ponents and systems may generally be integrated to-
gether in a single software product or packaged into mul-
tiple software products. Additionally, other implementa-
tions are within the scope of the following claims. In some
cases, the actions recited in the claims may be performed
in a different order and still achieve desirable results.
[0092] It will be understood that unless features in any
of the particular described implementations are express-

ly identified as incompatible with one another or the sur-
rounding context implies that they are mutually exclusive
and not readily combinable in a complementary and/or
supportive sense, the totality of this disclosure contem-
plates and envisions that specific features of those com-
plementary implementations may be selectively com-
bined to provide one or more comprehensive, but slightly
different, technical solutions. It will therefore be further
appreciated that the above description has been given
by way of example only and that modifications in detail
may be made within the scope of this disclosure.

Claims

1. An apparatus (100), comprising:

a first earbud (105, 105a, 105b);
a second earbud (105, 105a, 105b);
a light source system (205) that includes a light
source (110);an image sensor system (120) ca-
pable of forming images based, at least in part,
on light reflected from the user’s (215) first ear
(220a, 220b) and the user’s (215) second ear
(220a, 220b); and
a control system (125) capable of controlling the
light source system (205) and the image sensor
system (120), characterised in that the light
source system (205) is a single light source sys-
tem (205); and the apparatus (100) further com-
prises:
a light-conveying system (115) capable of con-
veying light from the single light source system
(205) to a user’s (215) first ear (220a, 220b) and
to the user’s (215) second ear (220a, 220b), via
the first earbud (105, 105a, 105b) and the sec-
ond earbud (105, 105a, 105b).

2. The apparatus of claim 1, further comprising an in-
terface system (130) capable of wireless communi-
cation with a second device.

3. The apparatus of claim 2, wherein the control system
(125) is capable of:

receiving instructions from the second device,
via the interface system (130); and
controlling the apparatus according to the in-
structions.

4. The apparatus of claim 2, wherein the control system
is capable of providing image data to the second
device, wherein providing image data to the second
device further comprises;
compressing and/or encrypting the image data prior
to transmitting the image data to the second device.

5. The apparatus of claim 1, wherein the light-convey-
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ing system (115) includes optical fibers.

6. The apparatus of claim 1, wherein the light-convey-
ing system (115) is further capable of conveying the
light reflected from the user’s first ear and the user’s
second ear to the image sensor system.

7. The apparatus of claim 1, further comprising:

first optical elements (705) capable of coupling
light from the light source system into the light-
conveying system;
second optical elements (710) capable of direct-
ing light from the light-conveying system into the
user’s first ear and the user’s second ear; and
third optical elements (715) capable of coupling
light reflected from the user’s first ear and the
user’s second ear into the light-conveying sys-
tem, wherein the control system is capable of
controlling illumination angles of light provided
by the second optical elements and
wherein the second optical elements include mi-
cromechanical systems (MEMS) devices.

8. The apparatus of claim 1, further comprising a head-
band (210) attachable to the first earbud and the sec-
ond earbud, the headband capable of holding the
first earbud in a user’s first ear and of holding the
second earbud in the user’s second ear, wherein at
least a portion of the light-conveying system is at-
tached to the headband.

9. The apparatus of claim 1, wherein the first earbud
or the second earbud includes at least a portion of
the image sensor system (120).

10. The apparatus of claim 1, wherein at least a portion
of the control system (125) is disposed within the
first earbud or the second earbud.

11. The apparatus of claim 1, wherein the first earbud
and the second earbud include an actively deform-
able material; and wherein the control system (125)
is capable of controlling deformation of the actively
deformable material.

12. The apparatus of claim 11, wherein the actively de-
formable material includes an electroactive polymer.

13. The apparatus of claim 1, further comprising a tem-
perature sensor capable of measuring the user’s
body temperature.

14. The apparatus of claim 1, further comprising a bio-
metric sensor system capable of obtaining biometric
information from the user, wherein the biometric sen-
sor system includes a speaker and a microphone.

15. The apparatus of claim 14, wherein the control sys-
tem is capable of controlling the speaker to generate
input acoustic signals while controlling the micro-
phone to obtain output acoustic signals correspond-
ing to the reflections of the input acoustic signals
from a user’s ear canal, and wherein the control sys-
tem is capable of determining a transfer function
based, at least in part, on the input acoustic signals
and the output acoustic signals.

Patentansprüche

1. Vorrichtung (100), die Folgendes umfasst:

einen ersten Ohrstöpsel (105, 105a, 105b);
einen zweiten Ohrstöpsel (105, 105a, 105b);
ein Lichtquellensystem (205), das eine Licht-
quelle (110) beinhaltet;
ein Bildsensorsystem (120), das Bilder wenigs-
tens teilweise auf der Basis von Licht bilden
kann, das vom ersten Ohr (220a, 220b) des Be-
nutzers (215) und vom zweiten Ohr (220a, 220b)
des Benutzers (215) reflektiert wird; und
ein Steuersystem (125), das das Lichtquellen-
system (205) und das Bildsensorsystem (120)
steuern kann, dadurch gekennzeichnet, dass
das Lichtquellensystem (205) ein einzelnes
Lichtquellensystem (205) ist; und die Vorrich-
tung (100) ferner Folgendes umfasst:
ein Lichtübertragungssystem (115), das Licht
von dem einzelnen Lichtquellensystem (205) zu
einem ersten Ohr (220a, 220b) eines Benutzers
(215) und zum zweiten Ohr (220a, 220b) des
Benutzers (215) über den ersten Ohrstöpsel
(105, 105a, 105b) und den zweiten Ohrstöpsel
(105, 105a, 105b) übertragen kann.

2. Vorrichtung nach Anspruch 1, die ferner ein Schnitt-
stellensystem (130) umfasst, das zu drahtloser Kom-
munikation mit einem zweiten Gerät fähig ist.

3. Vorrichtung nach Anspruch 2, wobei das Steuersys-
tem (125) die folgenden Fähigkeiten hat:

Empfangen von Befehlen vom zweiten Gerät
über das Schnittstellensystem (130); und
Steuern der Vorrichtung gemäß den Befehlen.

4. Vorrichtung nach Anspruch 2, wobei das Steuersys-
tem dem zweiten Gerät Bilddaten bereitstellen kann,
wobei das Bereitstellen von Bilddaten dem zweiten
Gerät ferner Folgendes beinhaltet:
Komprimieren und/oder Verschlüsseln der Bildda-
ten vor dem Senden der Bilddaten zum zweiten Ge-
rät.

5. Vorrichtung nach Anspruch 1, wobei das Lichtüber-
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tragungssystem (115) optische Fasern beinhaltet.

6. Vorrichtung nach Anspruch 1, wobei das Lichtüber-
tragungssystem (115) ferner das vom ersten Ohr des
Benutzers und vom zweiten Ohr des Benutzers re-
flektierte Licht zu dem Bildsensorsystem übertragen
kann.

7. Vorrichtung nach Anspruch 1, die ferner Folgendes
umfasst:

erste optische Elemente (705), die Licht vom
Lichtquellensystem in das Lichtübertragungs-
system koppeln können;
zweite optische Elemente (710), die Licht vom
Lichtübertragungssystem in das erste Ohr des
Benutzers und das zweite Ohr des Benutzers
leiten können; und
dritte optische Elemente (715), die vom ersten
Ohr des Benutzers und vom zweiten Ohr des
Benutzers reflektiertes Licht in das Lichtübertra-
gungssystem koppeln können, wobei das Steu-
ersystem Beleuchtungswinkel von von den
zweiten optischen Elementen bereitgestelltem
Licht steuern kann, und
wobei die zweiten optischen Elemente
MEMS-(mikromechanische Systeme)-Geräte
beinhalten.

8. Vorrichtung nach Anspruch 1, das ferner ein Kopf-
band (210) umfasst, das am ersten Ohrstöpsel und
am zweiten Ohrstöpsel angebracht werden kann,
wobei das Kopfband den ersten Ohrstöpsel im ers-
ten Ohr eines Benutzers und den zweiten Ohrstöpsel
im zweiten Ohr des Benutzers halten kann, wobei
wenigstens ein Teil des Lichtübertragungssystems
am Kopfband angebracht ist.

9. Vorrichtung nach Anspruch 1, wobei der erste Ohr-
stöpsel oder der zweite Ohrstöpsel wenigstens ei-
nen Teil des Bildsensorsystems (120) beinhaltet.

10. Vorrichtung nach Anspruch 1, wobei wenigstens ein
Teil des Steuersystems (125) im ersten Ohrstöpsel
oder im zweiten Ohrstöpsel angeordnet ist.

11. Vorrichtung nach Anspruch 1, wobei der erste Ohr-
stöpsel und der zweite Ohrstöpsel ein aktiv verform-
bares Material beinhalten; und wobei das Steuersys-
tem (125) eine Verformung des aktiv verformbaren
Materials steuern kann.

12. Vorrichtung nach Anspruch 11, wobei das aktiv ver-
formbare Material ein elektroaktives Polymer bein-
haltet.

13. Vorrichtung nach Anspruch 1, das ferner einen Tem-
peratursensor umfasst, der die Körpertemperatur

des Benutzers messen kann.

14. Vorrichtung nach Anspruch 1, das ferner ein biome-
trisches Sensorsystem umfasst, das biometrische
Informationen vom Sensor einholen kann, wobei das
biometrische Sensorsystem einen Lautsprecher und
ein Mikrofon beinhaltet.

15. Vorrichtung nach Anspruch 14, wobei das Steuer-
system den Lautsprecher steuern kann, um akusti-
sche Eingangssignale zu erzeugen und dabei das
Mikrofon zu steuern, um akustische Ausgangssig-
nale entsprechend den Reflexionen der akustischen
Eingangssignale vom Gehörgang eines Benutzers
zu erhalten, und wobei das Steuersystem eine
Transferfunktion wenigstens teilweise auf der Basis
der akustischen Eigangssignale und der akusti-
schen Ausgangssignale bestimmen kann.

Revendications

1. Appareil (100), comprenant :

un premier écouteur (105, 105a, 105b) ;
un second écouteur (105, 105a, 105b) ;
un système de source lumineuse (205) qui inclut
une source lumineuse (110) ; un système de
capteur d’image (120) capable de former des
images sur la base, au moins en partie, d’une
lumière réfléchie à partir de la première oreille
(220a, 220b) d’utilisateur (215) et de la seconde
oreille (220a, 220b) d’utilisateur (215) ; et
un système de commande (125) capable de
commander le système de source lumineuse
(205) et le système de capteur d’image (120),
caractérisé en ce que le système de source
lumineuse (205) est un unique système de sour-
ce lumineuse (205) ;
et l’appareil (100) comprend en outre :
un système de transport de lumière (115) capa-
ble de transporter de la lumière de l’unique sys-
tème de source lumineuse (205) à une première
oreille (220a, 220b) d’utilisateur (215) et à la se-
conde oreille (220a, 220b) d’utilisateur (215),
par l’intermédiaire du premier écouteur (105,
105a, 105b) et du second écouteur (105, 105a,
105b).

2. Appareil selon la revendication 1, comprenant en
outre un système d’interface (130) apte à une com-
munication sans fil avec un second dispositif.

3. Appareil selon la revendication 2, dans lequel le sys-
tème de commande (125) est capable de :

recevoir des instructions à partir du second dis-
positif, par l’intermédiaire du système d’interfa-
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ce (130) ; et
commander l’appareil selon les instructions.

4. Appareil selon la revendication 2, dans lequel le sys-
tème de commande est capable de fournir des don-
nées d’image au second dispositif, dans lequel une
fourniture de données d’image au second dispositif
comprend en outre :
une compression et/ou un cryptage des données
d’image avant une transmission des données d’ima-
ge au second dispositif.

5. Appareil selon la revendication 1, dans lequel le sys-
tème de transport de lumière (115) inclut des fibres
optiques.

6. Appareil selon la revendication 1, dans lequel le sys-
tème de transport de lumière (115) est en outre ca-
pable de transporter la lumière réfléchie depuis la
première oreille d’utilisateur et la seconde oreille
d’utilisateur au système de capteur d’image.

7. Appareil selon la revendication 1, comprenant en
outre :

de premiers éléments optiques (705) capables
de coupler de la lumière provenant du système
de source lumineuse dans le système de trans-
port de lumière ;
de deuxièmes éléments optiques (710) capa-
bles de diriger de la lumière provenant du sys-
tème de transport de lumière dans la première
oreille d’utilisateur et la seconde oreille
d’utilisateur ; et
de troisièmes éléments optiques (715) capables
de coupler une lumière réfléchie à partir de la
première oreille d’utilisateur et de la seconde
oreille d’utilisateur dans le système de transport
de lumière, dans lequel le système de comman-
de est capable de commander des angles
d’éclairage de lumière fournie par les deuxiè-
mes éléments optiques et
dans lequel les deuxièmes éléments optiques
incluent des dispositifs à systèmes microméca-
niques (MEMS).

8. Appareil selon la revendication 1, comprenant en
outre un bandeau (210) pouvant être fixé au premier
écouteur et au second écouteur, le bandeau capable
de maintenir le premier écouteur dans une première
oreille d’utilisateur et de maintenir le second écou-
teur dans la seconde oreille d’utilisateur, dans lequel
au moins une partie du système de transport de lu-
mière est fixée au bandeau.

9. Appareil selon la revendication 1, dans lequel le pre-
mier écouteur ou le second écouteur inclut au moins
une partie du système de capteur d’image (120).

10. Appareil selon la revendication 1, dans lequel au
moins une partie du système de commande (125)
est disposée à l’intérieur du premier écouteur ou du
second écouteur.

11. Appareil selon la revendication 1, dans lequel le pre-
mier écouteur et le second écouteur incluent un ma-
tériau activement déformable ; et dans lequel le sys-
tème de commande (125) est capable de comman-
der une déformation du matériau activement défor-
mable.

12. Appareil selon la revendication 11, dans lequel le
matériau activement déformable inclut un polymère
électroactif.

13. Appareil selon la revendication 1, comprenant en
outre un capteur de température capable de mesure
la température corporelle d’un utilisateur.

14. Appareil selon la revendication 1, comprenant en
outre un système de capteur biométrique capable
d’obtenir des informations biométriques à partir de
l’utilisateur, dans lequel le système de capteur bio-
métrique inclut un haut-parleur et un microphone.

15. Appareil selon la revendication 14, dans lequel le
système de commande est capable de commander
le haut-parleur pour générer des signaux acousti-
ques d’entrée tout en commandant le microphone
pour obtenir des signaux acoustiques de sortie cor-
respondant aux réflexions des signaux acoustiques
d’entrée à partir d’un conduit auditif d’utilisateur, et
dans lequel le système de commande est capable
de déterminer une fonction de transfert sur la base,
au moins en partie, des signaux acoustiques d’en-
trée et des signaux acoustiques de sortie.
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