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(7) ABSTRACT

Embodiments of the present disclosure provide techniques
and configurations for an apparatus for a user’s physiologi-
cal context measurements. In one instance, the apparatus
may include a head-fitting component to be mounted at least
partly around a user’s head, and a sensor disposed on the
head-fitting component to generate a signal indicative of a
user’s physiological context in response to contact with the
user’s head. The physiological context may comprise a
respiration cycle, and the sensor may sense vibration in a
portion of the user’s head produced in response to the
respiration cycle. The apparatus may further include a
controller coupled with the sensor, to process the signal and
generate data indicative of the physiological context of the
user. Other embodiments may be described and/or claimed.
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USER’S PHYSIOLOGICAL CONTEXT
MEASUREMENT METHOD AND
APPARATUS

FIELD

[0001] Embodiments of the present disclosure generally
relate to the field of wearable devices, and more particularly,
to wearable devices also configured to measure a user’s
physiological context.

BACKGROUND

[0002] Portable or wearable devices continue to increase
in popularity, and feature increasingly sophisticated func-
tionality, including wireless capabilities. Some of the
devices may be used to measure a user’s physiological
context, such as parameters related to the user’s health, for
example, respiration cycle, heart rate, temperature, or the
like. For example, smartphones have been proposed to be
used as photoplethysmography devices. However, using a
mobile device for physiological context measurement may
require the user to perform a particular action, such as
placing a finger on a display of the mobile device, placing
the mobile device on the user’s chest for a period of time to
perform necessary measurements, or the like. Accordingly,
physiological context measurements may require user
involvement and take the user’s time away from other tasks
to be performed on a device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Embodiments will be readily understood by the
following detailed description in conjunction with the
accompanying drawings. To facilitate this description, like
reference numerals designate like structural elements.
Embodiments are illustrated by way of example and not by
way of limitation in the figures of the accompanying draw-
ings.

[0004] FIG. 1 is a diagram illustrating an example appa-
ratus for a user’s physiological context measurements incor-
porated with the teachings of the present disclosure, in
accordance with some embodiments.

[0005] FIG. 2 illustrates an example configuration of the
apparatus of FIG. 1, in accordance with some embodiments.
[0006] FIG. 3 illustrates some example embodiments of an
apparatus for the user’s physiological context measure-
ments, in accordance with some embodiments.

[0007] FIG. 4 illustrates example sensors that may be used
in an apparatus for the user’s physiological context mea-
surement, in accordance with some embodiments.

[0008] FIG. 5illustrates a graph showing test results of the
example sensor in different configurations, in accordance
with some embodiments.

[0009] FIG. 6 is an example experimental setup for testing
an apparatus for the user’s physiological context measure-
ments, in accordance with some embodiments.

[0010] FIG. 7 is a graph illustrating an example represen-
tation of the electronic (piezoelectric) signal captured during
testing on the experimental setup of FIG. 6, in accordance
with some embodiments.

[0011] FIG. 8 is a graph illustrating an example spectro-
gram based on the electronic (piezoelectric) signal captured
during testing on the experimental setup of FIG. 6, in
accordance with some embodiments.
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[0012] FIG. 9 is a graph illustrating example normalized
entropy calculated for the spectrogram of FIG. 8, in accor-
dance with some embodiments.

[0013] FIG. 10 is an example process flow diagram for
providing measurements of the user’s physiological context,
in accordance with some embodiments.

[0014] FIG. 11 is an example process flow diagram for
processing the signal provided by a sensor of an apparatus
for providing measurements of the user’s physiological
context, such as the user’s respiration cycle, in accordance
with some embodiments.

DETAILED DESCRIPTION

[0015] Embodiments of the present disclosure include
techniques and configurations for an apparatus and method
for a user’s physiological context measurements. In some
embodiments, the apparatus may include a head-fitting
component to be mounted at least partly around a user’s
head, and a sensor disposed on the head-fitting component
to generate a signal indicative of a user’s physiological
context in response to contact with the user’s head. The
physiological context may comprise a respiration cycle, and
the sensor may sense vibration in a portion of the user’s head
produced in response to the respiration cycle. The apparatus
may further include a controller coupled with the sensor, to
process the signal and generate data indicative of the physi-
ological context of the user.

[0016] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
wherein like numerals designate like parts throughout, and
in which are shown by way of illustration embodiments in
which the subject matter of the present disclosure may be
practiced. It is to be understood that other embodiments may
be utilized and structural or logical changes may be made
without departing from the scope of the present disclosure.
Therefore, the following detailed description is not to be
taken in a limiting sense, and the scope of embodiments is
defined by the appended claims and their equivalents.

[0017] For the purposes of the present disclosure, the
phrase “A and/or B” means (A), (B), (A) or (B), or (A and
B). For the purposes of the present disclosure, the phrase “A,
B, and/or C”” means (A), (B), (C), (A and B), (A and C), (B
and C), or (A, B, and C).

[0018] The description may use perspective-based
descriptions such as top/bottom, in/out, over/under, and the
like. Such descriptions are merely used to facilitate the
discussion and are not intended to restrict the application of
embodiments described herein to any particular orientation.

[0019] The description may use the phrases “in an
embodiment” or “in embodiments,” which may each refer to
one or more of the same or different embodiments. Further-
more, the terms “comprising,” “including,” “having,” and
the like, as used with respect to embodiments of the present

disclosure, are synonymous.

[0020] The term “coupled with,” along with its deriva-
tives, may be used herein. “Coupled” may mean one or more
of the following. “Coupled” may mean that two or more
elements are in direct physical, electrical, or optical contact.
However, “coupled” may also mean that two or more
elements indirectly contact each other, but yet still cooperate
or interact with each other, and may mean that one or more
other elements are coupled or connected between the ele-
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ments that are said to be coupled with each other. The term
“directly coupled” may mean that two or more elements are
in direct contact.

[0021] FIG. 1 is a diagram illustrating an example appa-
ratus for a user’s physiological context measurements incor-
porated with the teachings of the present disclosure, in
accordance with some embodiments. The apparatus 100
may comprise a wearable device, to be worn on or around
a user’s head. Example implementations may include eye-
glasses, helmets, headsets, diadems, caps, hats, or other
types of headwear. While examples of specific implemen-
tations (e.g., in eyeglasses) and/or technologies (e.g., piezo-
electric sensors, wireless communications, etc.) may be
employed herein, these examples are presented merely to
provide a readily comprehensible perspective from which
the more generalized devices, methods, etc. described herein
may be understood.

[0022] As noted above, the apparatus 100 may comprise a
wearable device, such as eyeglasses 101, in the example
illustrated in FIG. 1. The apparatus 100 may include a body,
such as frame 102 of eyeglasses 101. The frame 102 is
described herein as a part of the apparatus 100 (in this
example, eyeglasses 101) for the sake of explanation. Other
applications or configurations of an apparatus 100 may
result in implementations that remain consistent with the
teachings presented herein.

[0023] At least one sensor 104 may be disposed on the
apparatus 100, such as on the frame 102, as shown in FIG.
1. For example, the sensor 104 may be mounted on the frame
102 via mechanical attachment (e.g., screw, nail or other
fastener), adhesive attachment (e.g., a glue, epoxy, etc.) or
may be incorporated within the structure of the frame 102.
In embodiments, the sensor 104 may comprise vibration
sensing circuitry. The sensing circuitry may comprise, for
example, piezoelectric components such as a diaphragm or
other piezoelectric transducer, to convert vibration (e.g.,
mechanical pressure waves) occurring in portions of the
user’s head into signals.

[0024] As shown, the sensor 104 may be disposed on the
frame 102 to be in contact with, or at least proximate to, the
nose of a user wearing the apparatus 100. The bridge of the
user’s nose may resonate in response to the user’s respira-
tion, such as inhaling and exhaling. The sensor 104 may be
able to detect vibration caused by the nasal bones resonating
with the user’s respiration, and may convert the sensed
vibration into a signal 130, e.g., an electronic signal, to be
processed as described below. The embodiments of this
disclosure are not limited to nasal vibration detection
described above and are described herein for ease of under-
standing. Other types of vibration indicative of the user’s
respiration cycle may be sensed in different portions of the
user’s head, such as, for example, temples, forehead, or
other portions of the user’s head, and more specifically, in
the upper portion of the user’s head. These embodiments
will be described in greater detail below.

[0025] The apparatus 100 may further include a controller
device 106, which may also be disposed on the apparatus
100 (e.g., the frame 102) as shown. The controller device
106 may be electrically and/or communicatively coupled
with the sensor 104, to receive and process the signal 130
provided by the sensor 104, and to generate data indicative
of the physiological context of the user, such as respiration
or temperature, as described below.
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[0026] The controller device 106 may comprise, for
example, a processing block 108, to process the signal 130
and generate data indicative of the physiological context of
the user, and communication block 110 to transmit the data
to an external device 160. The processing block 108 may
comprise at least a processor 120 and memory 122. The
processing block 108 may include components configured to
record and process the readings of the signal 130. The
processing block 108 may provide these components
through, for example, a plurality of machine-readable
instructions stored in the memory 122 and executable on the
processor 120. The controller device 106 may record the
signal 130 and store (e.g., buffer) the recorded readings, for
example, in the memory 122. for further analysis and
processing, e.g., in real time or near-real time.

[0027] The processor 120 may include, for example, one
or more processors situated in separate components, or
alternatively one or more processing cores embodied in a
component (e.g., in a System-on-a-Chip (SoC) configura-
tion), and any processor-related support circuitry (e.g.,
bridging interfaces, etc.). Example processors may include,
but are not limited to, various microprocessors including
those in the Pentium®, Xeon®, Itanium®, Celeron®,
Atom®, Quark®, Core® product families, or the like.
[0028] Examples of support circuitry may include host
side or input/output (I/O) side chipsets (also known as
northbridge and southbridge chipsets/components) to pro-
vide an interface through which the processor 120 may
interact with other system components that may be operating
at different speeds, on different buses, etc. in device 106.
Some or all of the functionality commonly associated with
the support circuitry may also be included in the same
physical package as the processor.

[0029] The memory 122 may comprise random access
memory (RAM) or read-only memory (ROM) in a fixed or
removable format. RAM may include volatile memory
configured to hold information during the operation of
device 106 such as, for example, static RAM (SRAM) or
Dynamic RAM (DRAM). ROM may include non-volatile
(NV) memory circuitry configured based on basic input/
output system (BIOS), Unified Extensible Firmware Inter-
face (UEF]), etc. to provide instructions when device 106 is
activated, programmable memories such as electronic pro-
grammable ROMs (erasable programmable read-only
memory), Flash, etc. Other fixed/removable memory may
include, but is not limited to, electronic memories such as
solid state flash memory, removable memory cards or sticks,
etc.

[0030] The communication block 110 may be communi-
catively coupled with external device 160 and may include
one or more radios capable of transmitting and receiving
signals using various suitable wireless communications
techniques. Such techniques may involve communications
across one or more wireless networks. Some example wire-
less networks include (but are not limited to) wireless local
area networks (WLANS), wireless personal area networks
(WPANSs), wireless metropolitan area network (WMANS),
cellular networks, and satellite networks. In communicating
across such networks, the communication block 110 may
operate in accordance with one or more applicable standards
in any version. To this end, the communication block 110
may include, for instance, hardware, circuits, software, or
any combination thereof that allows communication with
external computer systems.
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[0031] In some specific non-limiting examples, the com-
munication block 110 may comport with the Institute of
Electrical and Electronics Engineers (IEEFE) 802.11 standard
(e.g., Wi-Fi), a Bluetooth®, ZigBee®, near-field communi-
cation, or any other suitable wireless communication stan-
dard. In addition, the communication block 110 may com-
port with cellular standards such as 3G (e.g., Evolution-Data
Optimized (EV-DO), Wideband Code Division Multiple
Access (W-CDMA)) and/or 4G wireless standards (e.g.,
High Speed Packet Access (HSPA), Worldwide Interoper-
ability for Microwave Access (WIMAX), Long-Term Evo-
lution (LTE)).

[0032] The apparatus 100 may further include a power
circuitry block 114 configured to provide power supply to
the components of the controller device 106. In some
embodiments, the power circuitry block 114 may be con-
figured to power on the controller device 106 continuously
or periodically, in order to save battery power. In some
embodiments, the power circuitry block 114 may be con-
figured to power on the controller device 106 on a “wake-
up” basis, e.g., in response to vibration detection by the
sensor 104. The power circuitry block 114 may include
internal power sources (e.g., battery, fuel cell, etc.) and/or
external power sources (e.g., power grid, electromechanical
or solar generator, external fuel cell, etc.) and related cir-
cuitry configured to supply device 106 with the power
needed to operate.

[0033] The controller device 106 may include other com-
ponents 112 that may be necessary for functioning of the
apparatus 100. Other components 112 may include, for
example, hardware and/or software to allow users to interact
with the controller device 106 such as, for example, various
input mechanisms (e.g., microphones, switches, buttons,
knobs, keyboards, speakers, touch-sensitive surfaces, one or
more sensors configured to capture images and/or sense
proximity, distance, motion, gestures, orientation, biometric
data, etc.) and various output mechanisms (e.g., speakers,
displays, lighted/flashing indicators, electromechanical
components for vibration, motion, etc.). The hardware in
other components 112 may be incorporated within the
controller device 106 and/or may be external to the device
106 and coupled to device 106 via a wired or wireless
communication medium.

[0034] FIG. 2 illustrates an example configuration of the
apparatus of FIG. 1, in accordance with some embodiments.
More specifically, FIG. 2 illustrates an example disposition
of the sensing circuitry in the frame 102 of the apparatus
100. For ease of understanding, like elements of FIGS. 1 and
2 are indicated by like numerals. As shown, the sensor 104
may be disposed within a nosepiece 200 of the frame 102.
The sensor 104 may comprise, for example, sensing cir-
cuitry (e.g., piezoelectric transducer) 202 affixed or remov-
ably attached to structural support 204 of the nosepiece 200
of the frame 102. The sensing circuitry 202 may include, for
example, a piezoelectric diaphragm to convert vibration 206
into a signal. Vibration 206 may occur due to the user’s nasal
bones (not shown) that may resonate in response to the
user’s respiration. The piezoelectric diaphragm comprising
the sensing circuitry 202 may be able to accurately generate
a signal indicative of respiration and may not require exter-
nal power, because the pressure waves may compress a
piezoelectric crystal of the diaphragm to generate the elec-
tronic signal.
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[0035] The eyeglasses 101 may further include a wire 208
to convey the signal from the sensor 104 to the controller
device 106. The wire 208 is shown for illustration purposes;
the use of wireless communication may also be possible to
transmit the signal to the controller device 106.

[0036] A variety of sensor configurations may be imple-
mented consistent with the present disclosure. For example,
given that two nosepieces 200 and 201 may exist in a
common pair of glasses, at least one of the two nosepieces
200, 201 may include the sensor 104. In another example
implementation, both nosepieces 200 and 201 may include
sensing circuitries 202 and 212 (shown in dashed lines),
comprising the sensor 104. For example, the circuitries 202
and 212 disposed in each nosepiece 200 may be wired in
series to generate stronger signals. In another embodiment,
the circuitries 202, 212 in the nosepieces 200, 201 may be
wired individually, and the controller device 106 (e.g,
processing block 108) may select the sensor circuitry 202 or
212 of the sensor 104 to employ based on the strength of the
electronic signals received from each sensor circuitry. In this
manner, the apparatus 100 may be able to account for the
particularities in each user’s nasal bones (e.g., breaks, natu-
ral deformities such as a deviated septum, etc.) and select the
particular sensor circuitry that may provide the strongest and
cleanest signal.

[0037] The embodiments of FIGS. 1 and 2 describe the
apparatus for the user’s physiological context measurements
adapted for eyewear. Eyewear such as eyeglasses, sun-
glasses, safety glasses, or the like are routinely worn by
people. Accordingly, the embodiments described herein may
be easily adopted in the day-to-day life of a user. As noted
above, other embodiments configured to measure the user’s
physiological context may be contemplated, some of which
are described in reference to FIG. 3.

[0038] FIG. 3 illustrates some example embodiments of an
apparatus for the user’s physiological context measure-
ments, in accordance with some embodiments. In example
embodiments, the apparatus may comprise a wearable
device, such as a headset 302 or a helmet 312. The sensors,
suich as the sensor 104, may be disposed in different areas of
the headset 302 and helmet 312, as indicated by numerals
304, 306, 308, and 310; and 314, 316, and 318 respectively.
In general, the sensors may be disposed such as to provide
a contact (e.g., direct contact or proximity contact) between
the sensors and an upper portion of the user’s head in
response to application of the wearable device 302 or 312 to
the user’s head. As shown, the sensors may be disposed in
a head-fitting area of a respective wearable device in order
to provide the contact between the sensors and the temples
or forehead of the user, to conduct sensing of the respective
bone vibration in response to the user’s inhaling and exhal-
ing.

[0039] In embodiments, the controller device (e.g., 106)
may also be mounted on the wearable device 302 or 312, as
indicated by numerals 320 and 330 respectively. As
described above, the device 106 and the sensor (or sensors)
104 may be communicatively coupled to enable signal
transmission from the sensors to the controller device.
Understandably, the controller device may be mounted in
other suitable areas of a respective wearable device, depend-
ing on the wearable device configuration.

[0040] As noted, other types of wearable devices config-
ured to provide the user’s physiological context measure-
ments may include, but may not be limited to, diadems, caps,
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hats, or other types of headwear. In general, any headwear
or form factors that may provide for contact of a sensor with
an upper portion of the user’s head may be used with
embodiments described herein.

[0041] In some embodiments, form factors may include
patch-like implementation 332 applied to the user’s nasal
bones, as shown in example view 340. The patch-like
implementation 332 may include the sensor 104 with asso-
ciated electronics (e.g., controller device 106), for use, for
example, in sleep studies (e.g., sleep apnea detection tests),
where eyeglasses or other headwear may not be suitable for
the task.

[0042] FIG. 4 illustrates example sensors that may be used
in an apparatus for the user’s physiological context mea-
surement, in accordance with some embodiments. The
example sensors are shown in configurations A and B,
described below in greater detail.

[0043] As shown, for example, in configuration A, a
sensor 404 may comprise a piezoelectric sensor and include
a piezoelectric diaphragm (crystal) 406 to provide signal
(output voltage) in response to sensing a vibration. The
piezoelectric crystal 406 may be coupled to (e.g., disposed
inside) a metal disk 408 that may provide the ground for the
resulting circuit. The wires 410 and 412 connected to the
crystal 406 and the ground 408 respectively may provide the
piezoelectric signal (output voltage) of the sensor 404.
[0044] In some embodiments, one of the electrical con-
tacts of the disk 408 (e.g., wires 410 or 412) may be replaced
with a thermocouple. The thermocouple may be in close
contact with the nose bone (or other portions of the head of
the user as described above), and may provide for measure-
ments of the user’s temperature in addition to measurements
of respiration described above. Accordingly, the addition of
a thermocouple to the piezoelectric sensor may enable
continuous body temperature monitoring.

[0045] The advantages of the described embodiments may
include utilizing form factors naturally compatible to many
wearable devices, such as ones described in reference to
FIGS. 1-3. The described sensor embodiments may require
a minimum amount of low-cost additional hardware (one
regular thermocouple and a simple voltage monitoring cir-
cuit). No complex or power consuming sensors or process-
ing algorithms may be required. Further, the temperature
measurements may provide a desired precision, as evi-
denced by graphs in FIG. 5 showing experimental results of
temperature measurements.

[0046] With reference to FIG. 4, configuration A further
illustrates the sensor 404 with an added thermocouple. The
thermocouple may include two wires 412 and 414 soldered
apart on the metal disk 408. In configuration B, the sensor
404 may include the thermocouple with wires 412 and 414
that may be soldered together in the metal disk 408. One of
the wires from the thermocouple (e.g., wire 412) may serve
as a common ground for the sensor 404, which may reduce
the number of wires coming from the sensor.

[0047] FIG. 5 illustrates a graph showing test results of the
example sensor 404 in different configurations, in accor-
dance with some embodiments. As can be seen, both sensor
configurations A and B may provide a linear correlation
between temperature and output voltage signal provided by
the thermocouple. As shown, configuration B may provide a
higher output compared to configuration A, and may be
more suitable for some implementations. As shown in the
graphs of FIG. 5, a thermocouple attached to the piezoelec-
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tric disk may detect, in general, any regular temperature in
contact with the disk 408, and in particular the user’s body
temperature range (e.g., 35°-41° C., or 95°-106° F.).
[0048] FIG. 6 is an example experimental setup for testing
an apparatus for the user’s physiological context measure-
ments, in accordance with some embodiments. For experi-
mental purposes, two sensors (piezoelectric transducers)
fabricated as described in reference to FIGS. 1-5 may be
connected in series. Each sensor may be composed of a
metallic disk and a thin layer of piezoelectric material
(Murata® 7BB-20-61.0), as described in reference to FIG. 4.
The sensors may be mounted on the nasal support of a pair
of commercially available glasses, similar to the embodi-
ments described in reference to FIGS. 1-2. A test subject is
shown as wearing the prototype eyeglasses comprising the
apparatus for the user’s physiological context measure-
ments. The test subject may breathe normally for a finite
period of time, e.g., 60 sec. The resulting number of com-
plete inhale and exhale periods may equal 21, with a
complete number of 10 respiration cycles per minute.
[0049] FIG. 7 is a graph illustrating an example represen-
tation of the electronic (e.g., piezoelectric) signal captured
during testing on the experimental setup of FIG. 6, in
accordance with some embodiments. The signal may be
recorded at a sample frequency of 41 kHz, and down
sampled to 16 kHz for post-processing analysis. The timing
of the signal (shown on X-axis) may be divided into 250 ms
non-overlapping windows ti (for i=1,2, . . . , n number of
windows) to obtain a spectrogram Si using the short-time
Fourier transform, as described below.

[0050] FIG. 8 is a graph illustrating an example spectro-
gram based on the electronic (piezoelectric) signal captured
during testing on the experimental setup of FIG. 6, in
accordance with some embodiments. The portion of the
spectrogram indicated by numeral 800 shows inhale and
exhale cycles (e.g., three complete cycles) captured during
the first 15 seconds of the data collection performed during
testing on the setup of FIG. 6. As noted above, the inhale and
exhale cycle may comprise a respiration cycle.

[0051] As shown, the inhale and exhale periods may be
observed within the frequency band 802 (e.g., 50-800 Hz).
After the spectrogram is computed, the frequency entropy
for each window Si may be calculated using the non-
normalized Shannon entropy criteria. Entropy may be used
as a measure of energy (or activity) of the signal in the
frequency domain that may be present at a given time i.
Entropy of the frequency window Si may be defined as:

E(S) = - )5 -logls?)

i=1

where E (Si) is entropy of the frequency window Si, which
may represent the Fourier transform of the signal window ti,
Si-F(1). The sum considers the contribution of all frequency
components analyzed in Si. The logarithmic function allows
a greater entropy weight measure to signal intensity, while
attenuating noise and disturbances.

[0052] FIG. 9 is a graph illustrating example normalized
entropy calculated for the spectrogram of FIG. 8, in accor-
dance with some embodiments. An empiric threshold may
be set to score the beginning and the end of an inhale or
exhale cycle, or the combination of two subsequent cycles
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that represent a complete respiration cycle. As shown in the
graph, the threshold may be set around 0.3, for example.
Based on the scores, it may be possible to calculate average
breathing cycle duration and/or the average number of
respiration cycles per minute in real time.

[0053] To validate the performance of the process
described in reference to FIGS. 6-8, the calculated scores
may be compared to the scores of a human rater, to deter-
mine a correlation between the human rater-produced inhale
and exhale cycle and inhale and exhale cycles determined
according to the process described above. The markers at the
bottom of the graph of FIG. 9 indicate manual scores of the
beginning and end of a respiration inhale and exhale period,
scored by a human rater (light dots) and the respiration
detection according to the embodiments described herein
(dark dots). The comparison metric to use may include, for
example, Intra-class Correlation Coeflicients (ICC), which
may be suitable for continuous and ordered data. The
experimental ICC results between the human rater and the
automatic scores from the proposed methodology may result
in an ICC equal to 0.98. The respiration cycle determination
process is described in detail in reference to FIG. 11.

[0054] FIG. 10 is an example process flow diagram for
providing measurements of the user’s physiological context,
in accordance with some embodiments. The process 1000
may comport with some of the apparatus embodiments
described in reference to FIGS. 1-9. For example, the
apparatus may comprise a wearable device 101 of FIG. 1 or
wearable devices 302, 312, or 332 of FIG. 3. In alternate
embodiments, the process 1000 may be practiced with more
or fewer operations, or a different order of the operations.

[0055] The process 1000 may begin at block 1002 and
include receiving, by a controller (e.g., the earlier described
controller disposed on a wearable device), from at least one
sensor coupled with the controller and disposed on a head-
fitting component of the wearable device, signals generated
by the sensor in response to sensing an indication of the
user’s physiological context on a portion of the user’s head.
As discussed above, physiological context may include a
respiration cycle, and an indication of the user’s physiologi-
cal context may include vibration produced in the portion of
the user’s head in response to the respiration cycle. The
actions of block 1002 may further include recording the
signal during one or more respiration cycles.

[0056] As further described above, physiological context
of the user may further include temperature, and the detec-
tion of physiological context may be performed using a
piezoelectric sensor with a thermocouple as described in
reference to FIGS. 4-5. The actions of block 1002 may
further include recording another signal provided by the
sensor configured as described in reference to FIGS. 4-5, in
response to sensing the temperature around the portion of
the user’s head.

[0057] At block 1004, the process 1000 may include
processing the signal (or signals), to generate data indicative
of the physiological context of the user. As described in
reference to FIGS. 6-9, for respiration determination, pro-
cessing may include obtaining a spectrogram of the signal
and calculating entropy of the spectrogram to produce inhale
and exhale cycle data, to define the respiration cycle, and
determining the respiration cycle. The processing of the
signal for respiration cycle determination is described in
more detail in reference to FIG. 11.
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[0058] Processing may further include determining the
temperature of the user’s body based on the other signal
provided by the thermocouple of the sensor. In embodi-
ments, the data indicative of the physiological context of the
user may be provided to an external device for processing.
[0059] FIG. 11 is an example process flow diagram for
processing the signal provided by a sensor of an apparatus
for the user’s physiological context measurements, such as
the user’s respiration cycle, in accordance with some
embodiments. The process 1100 describes in more detail the
actions of block 1002 of FIG. 10 as they relate to determin-
ing the respiration cycle of the user described in reference to
FIGS. 7-9.

[0060] The process 1100 may begin at block 1102 and
include collecting signal samples e.g., amplitude samples
from the piezoelectric signal shown in the graph of FIG. 7
at a particular sample frequency. The sample frequency of
signals shown in FIG. 7 may be, for example, about 16 kHz.
In other words, data collection from the signal may occur
every Yisooo of a sec, where 16,000 samples compose 1
second of the signal. A time period of 250 ms of the signal
translates into 4,000 samples enclosed in a time window ti,
where i=1,2,3 . . ., n are the signal windows to process.
[0061] At block 1104, the process 1100 may include
computing spectrogram (shown in FIG. 8) using short-time
Fourier transform. A Fourier transform is a representation of
the frequency components (spectrum) of a signal in the
frequency domain, as opposed to the temporal domain. A
spectrogram is a temporal representation of the spectrum
where it may be observed how the frequency components of
the window ti change over time. For the purposes of the
present disclosure, the spectrogram may provide a visual-
ization feature to identify in which frequency bands (and
time periods) the indications of respiration may be taking
place.

[0062] At block 1106, the process 1100 may include
calculating, based on the spectrogram calculated at block
1104, normalized Shannon entropy E(si) of a window Si, in
which the frequency of the signals may be observed. As
discussed in reference to FIG. 9, the spectrogram may be
composed of a number of windows Si. The Shannon entropy
may be a measure of energy contained in the signal captured
from the piezoelectric sensor. There may be different ways
to calculate the level of entropy, amplitude, energy, etc. The
Shannon entropy may be chosen because it considers the
variability of the overall signal equally at all frequency
components under analysis.

[0063] It may be calculated how much entropy is con-
tained in Si (e.g., the 250 ms spectrogram) using Shannon’s
formula. The higher the entropy, the higher may be the
probability that the signal may be indicative of the user’s
respiration. For example, absence of detected bone vibration
(e.g., complete silence) may result in zero entropy.

[0064] It may be shown experimentally that respiration
may be present with values higher than 0.3 of the normalized
entropy. In other words, the value of 0.3 may represent a
threshold TH of entropy level to consider the signal to be
indicative of a respiration cycle.

[0065] At decision block 1108, the process 1100 may
include determining whether the entropy level of the win-
dow Si is higher than threshold level TH (e.g., 0.3), and the
entropy level of the previous window is lower than the
threshold level TH (e.g., 0.3). If both conditions are met, it
may mean that the entropy level went from low to high,
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which may represent the beginning of a respiration cycle.
Accordingly, the process 1100 may move to block 1110, at
which a marker may be produced that may indicate a start of
the respiration cycle.

[0066] If at least one condition of decision block 1108 is
not met, the process 1100 may move to decision block 1112,
in which it may be determined whether the entropy level of
the window Si is lower than threshold level TH (e.g., 0.3),
and the entropy level of the previous window Si-1 is higher
than the threshold level TH (e.g., 0.3). If both conditions are
met, it may mean that the entropy level went from high to
low, which may represent the ending of a respiration cycle.
Accordingly, the process 1100 may move to block 1114, at
which a marker may be produced that may indicate an end
of the respiration cycle. Thus, the process 1100 may identify
arespiration cycle of a user based on processing of the signal
provided by the sensor of the apparatus for determining the
user’s respiration cycle.

[0067] The following paragraphs describe examples of
various embodiments.

[0068] Example 1 may be an apparatus for a user’s physi-
ological context measurements, comprising: a head-fitting
component to be mounted at least partly around a user’s
head; at least one sensor disposed on the head-fitting com-
ponent to generate a signal indicative of a user’s physiologi-
cal context in response to contact with the user’s head,
wherein the physiological context comprises a respiration
cycle, wherein the sensor is to sense vibration in a portion
of the user’s head produced in response to the respiration
cycle; and a controller coupled with the at least one sensor,
to process the signal and generate data indicative of the
physiological context of the user.

[0069] Example 2 may include the subject matter of
Example 1, wherein the head-fitting component is to provide
the contact between the sensor and the portion of the user’s
head, in response to application of the apparatus to the user’s
head, wherein the apparatus comprises a wearable device.

[0070] Example 3 may include the subject matter of
Example 2, wherein the controller to generate data indicative
of the physiological context of the user is to provide infor-
mation indicative of an inhale cycle and exhale cycle that
define the respiration cycle of the user.

[0071] Example 4 may include the subject matter of
Example 3, wherein the controller to provide information
indicative of the respiration cycle of the user includes to
record the signal during one or more respiration cycles, and
to provide or cause to be provided analysis of the signal,
which includes to obtain a spectrogram of the signal and
calculate entropy of the spectrogram to produce inhale and
exhale cycle indications.

[0072] Example 5 may include the subject matter of
Example 2, wherein the at least one sensor comprises a
piezoelectric transducer responsive to vibration.

[0073] Example 6 may include the subject matter of
Example 5, wherein the physiological context of the user
further comprises temperature, wherein the at least one
sensor is to further sense the temperature around an area of
the at least a portion of the user’s head.

[0074] Example 7 may include the subject matter of
Example 6, wherein the piezoelectric transducer includes a
piezoelectric disc with first and second electrical contacts
coupled with the disc, wherein one of the first or second
electrical contacts comprises a thermocouple.
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[0075] Example 8 may include the subject matter of
Example 6, wherein the controller to generate data indicative
of the physiological context of the user is to further provide
information indicative of the temperature of the user.
[0076] Example 9 may include the subject matter of
Example 1, wherein the apparatus comprises eyeglasses,
wherein the head-fitting component comprises a frame with
a nosepiece, wherein the portion of the user’s head com-
prises a nose, wherein the sensor is mounted or removably
attached on the nosepiece.

[0077] Example 10 may include the subject matter of
Example 1, wherein the apparatus comprises eyeglasses,
wherein the head-fitting component comprises a frame,
wherein the portion of the user’s head comprises a temple,
wherein the sensor is mounted or removably attached on a
side of the frame that is placed adjacent to the temple, in
response to application of the eyeglasses to the user’s head.
[0078] Example 11 may include the subject matter of
Example 1, wherein the apparatus comprises one of: a
helmet, a headset, or a patch, wherein the head-fitting
component comprises a portion of the apparatus to provide
a contact between the at least one sensor and an area of an
upper portion of the user’s head, wherein the upper portion
comprises a temple, a forehead, or a nose.

[0079] Example 12 may include the subject matter of
Example 1, wherein the controller is mounted on the appa-
ratus.

[0080] Example 13 may include the subject matter of any
of Examples 1 to 12, wherein the controller includes a
processing block to process the signal and generate data
indicative of the physiological context of the user, and a
communication block to transmit the data to an external
device.

[0081] Example 14 may be a method for providing an
apparatus for a user’s physiological context measurements,
comprising: disposing at least one sensor on a head-fitting
component of a wearable device to provide a contact
between the sensor and at least a portion of a user’s head,
wherein the at least one sensor is to generate a signal in
response to sensing an indication of the user’s physiological
context, based on the contact with the portion of the user’s
head; and electrically coupling the at least one sensor with
a controller, to process the signal and generate data indica-
tive of the user’s physiological context.

[0082] Example 15 may include the subject matter of
Example 14, wherein the wearable device comprises eye-
glasses, wherein the head-fitting component comprises a
frame with a nosepiece, wherein disposing at least one
sensor on a head-fitting component includes mounting the
sensor on at least one of: the nosepiece or a side of the frame
that is placed adjacent to an upper portion of the user’s head
in response to application of the eyeglasses to the user’s
head.

[0083] Example 16 may include the subject matter of
Example 14, wherein the wearable device comprises one of’
a helmet, a headset, or a headwear, wherein disposing at
least one sensor on a head-fitting component includes
mounting the sensor on the head-fitting component to pro-
vide a contact between the at least one sensor and an upper
portion of the user’s head.

[0084] Example 17 may include the subject matter of
Example 14, further comprising: providing the at least one
sensor, wherein the sensor comprises a piezoelectric trans-
ducer responsive to vibration.
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[0085] Example 18 may include the subject matter of
Example 17, wherein providing the at least one sensor
includes attaching a thermocouple to the piezoelectric trans-
ducer.

[0086] Example 19 may be a method for providing a
user’s physiological context measurements, comprising:
receiving, by a controller disposed on a wearable device,
from at least one sensor coupled with the controller and
disposed on the wearable device, a signal indicative of a
user’s physiological context and generated by the sensor in
response to contact with a portion of the user’s head,
wherein the physiological context comprises a respiration
cycle, which causes vibration in the portion of the user’s
head that is sensed by the sensor; and processing, by the
controller, the signal, to generate data indicative of the
physiological context of the user.

[0087] Example 20 may include the subject matter of
Example 19, further comprising: recording, by the control-
ler, the signal during one or more respiration cycles, wherein
processing the signal includes providing or causing to be
provided, by the controller, analysis of the signal, including
obtaining a spectrogram of the signal and calculating
entropy of the spectrogram to produce inhale and exhale
cycle data, to define the respiration cycle.

[0088] Example 21 may include the subject matter of
Example 20, wherein the physiological context of the user
further comprises temperature, wherein the signal is a first
signal, wherein the method further comprises: recording, by
the controller, a second signal provided by the at least one
sensor, in response to sensing the temperature around the
portion of the user’s head; and determining or causing to be
determined, by the controller, the temperature based on the
second signal.

[0089] Example 22 may include the subject matter of any
of Examples 19 to 21, further comprising: providing, by the
controller, the data indicative of the physiological context of
the user to an external device for processing.

[0090] Example 23 may be an apparatus for a user’s
physiological context measurements, comprising: means for
receiving, from at least one sensor coupled with the con-
troller and disposed on a wearable device, a signal indicative
of a user’s physiological context and generated by the sensor
in response to contact with a portion of the user’s head,
wherein the physiological context comprises a respiration
cycle, which causes vibration in the portion of the user’s
head that is sensed by the sensor; and means for processing
the signal, to generate data indicative of the physiological
context of the user.

[0091] Example 24 may include the subject matter of
Example 23, further comprising: means for recording the
signal during one or more respiration cycles, wherein means
for processing the signal includes means for providing or
causing to be provided analysis of the signal, including
means for obtaining a spectrogram of the signal and calcu-
lating entropy of the spectrogram to produce inhale and
exhale cycle data, to define the respiration cycle.

[0092] Example 25 may include the subject matter of
Example 24, wherein the physiological context of the user
further comprises temperature, wherein the signal is a first
signal, wherein the apparatus further comprises: means for
recording a second signal provided by the at least one sensor,
in response to sensing the temperature around the portion of
the user’s head; and means for determining or causing to be
determined the temperature based on the second signal.
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[0093] Various operations are described as multiple dis-
crete operations in turn, in a manner that is most helpful in
understanding the claimed subject matter. However, the
order of description should not be construed as to imply that
these operations are necessarily order dependent. Embodi-
ments of the present disclosure may be implemented into a
system using any suitable hardware and/or software to
configure as desired.

[0094] Although certain embodiments have been illus-
trated and described herein for purposes of description, a
wide variety of alternate and/or equivalent embodiments or
implementations calculated to achieve the same purposes
may be substituted for the embodiments shown and
described without departing from the scope of the present
disclosure. This application is intended to cover any adap-
tations or variations of the embodiments discussed herein.
Therefore, it is manifestly intended that embodiments
described herein be limited only by the claims and the
equivalents thereof.

What is claimed is:

1. An apparatus, comprising;

a head-fitting component to be mounted at least partly

around a user’s head;

at least one sensor disposed on the head-fitting component

to generate a signal indicative of a user’s physiological
context in response to contact with the user’s head,
wherein the physiological context comprises a respira-
tion cycle, wherein the sensor is to sense vibration in a
portion of the user’s head produced in response to the
respiration cycle; and

a controller coupled with the at least one sensor, to

process the signal and generate data indicative of the
physiological context of the user.

2. The apparatus of claim 1, wherein the head-fitting
component is to provide the contact between the sensor and
the portion of the user’s head, in response to application of
the apparatus to the user’s head, wherein the apparatus
comprises a wearable device.

3. The apparatus of claim 2, wherein the controller to
generate data indicative of the physiological context of the
user is to provide information indicative of an inhale cycle
and exhale cycle that define the respiration cycle of the user.

4. The apparatus of claim 3, wherein the controller to
provide information indicative of the respiration cycle of the
user includes to record the signal during one or more
respiration cycles, and to provide or cause to be provided
analysis of the signal, which includes to obtain a spectro-
gram of the signal and calculate entropy of the spectrogram
to produce inhale and exhale cycle indications.

5. The apparatus of claim 2, wherein the at least one
sensor comprises a piezoelectric transducer responsive to
vibration.

6. The apparatus of claim 5, wherein the physiological
context of the user further comprises temperature, wherein
the at least one sensor is to further sense the temperature
around an area of the at least a portion of the user’s head.

7. The apparatus of claim 6, wherein the piezoelectric
transducer includes a piezoelectric disc with first and second
electrical contacts coupled with the disc, wherein one of the
first or second electrical contacts comprises a thermocouple.

8. The apparatus of claim 6, wherein the controller to
generate data indicative of the physiological context of the
user is to further provide information indicative of the
temperature of the user.



US 2017/0273621 Al

9. The apparatus of claim 1, wherein the apparatus com-
prises eyeglasses, wherein the head-fitting component com-
prises a frame with a nosepiece, wherein the portion of the
user’s head comprises a nose, wherein the sensor is mounted
or removably attached on the nosepiece.

10. The apparatus of claim 1, wherein the apparatus
comprises eyeglasses, wherein the head-fitting component
comptises a frame, wherein the portion of the user’s head
comprises a temple, wherein the sensor is mounted or
removably attached on a side of the frame that is placed
adjacent to the temple, in response to application of the
eyeglasses to the user’s head.

11. The apparatus of claim 1, wherein the apparatus
comprises one of: a helmet, a headset, or a patch, wherein
the head-fitting component comprises a portion of the appa-
ratus to provide a contact between the at least one sensor and
an area of an upper portion of the user’s head, wherein the
upper portion comprises a temple, a forehead, or a nose.

12. The apparatus of claim 1, wherein the controller is
mounted on the apparatus.

13. The apparatus of claim 1, wherein the controller
includes a processing block to process the signal and gen-
erate data indicative of the physiological context of the user,
and a communication block to transmit the data to an
external device.

14. A method, comprising:

disposing at least one sensor on a head-fitting component

of a wearable device to provide a contact between the
sensor and at least a portion of a user’s head, wherein
the at least one sensor is to generate a signal in response
to sensing an indication of the user’s physiological
context, based on the contact with the portion of the
user’s head; and

electrically coupling the at least one sensor with a con-

troller, to process the signal and generate data indica-
tive of the user’s physiological context.

15. The method of claim 14, wherein the wearable device
comprises eyeglasses, wherein the head-fitting component
comprises a frame with a nosepiece, wherein disposing at
least one sensor on a head-fitting component includes
mounting the sensor on at least one of: the nosepiece or a
side of the frame that is placed adjacent to an upper portion
of the user’s head in response to application of the eye-
glasses to the user’s head.

16. The method of claim 14, wherein the wearable device
comprises one of: a helmet, a headset, or a headwear,
wherein disposing at least one sensor on a head-fitting
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component includes mounting the sensor on the head-fitting
component to provide a contact between the at least one
sensor and an upper portion of the user’s head.

17. The method of claim 14, further comprising: provid-
ing the at least one sensor, wherein the sensor comprises a
piezoelectric transducer responsive to vibration.

18. The method of claim 17, wherein providing the at least
one sensor includes attaching a thermocouple to the piezo-
electric transducer.

19. A method, comprising:

receiving, by a controller disposed on a wearable device,
from at least one sensor coupled with the controller and
disposed on the wearable device, a signal indicative of
a user’s physiological context and generated by the
sensor in response to contact with a portion of the
user’s head, wherein the physiological context com-
prises a respiration cycle, which causes vibration in the
portion of the user’s head that is sensed by the sensor;
and

processing, by the controller, the signal, to generate data
indicative of the physiological context of the user.

20. The method of claim 19, further comprising:

recording, by the controller, the signal during one or more
respiration cycles,

wherein processing the signal includes providing or caus-
ing to be provided, by the controller, analysis of the
signal, including obtaining a spectrogram of the signal
and calculating entropy of the spectrogram to produce
inhale and exhale cycle data, to define the respiration
cycle.

21. The method of claim 20, wherein the physiological
context of the user further comprises temperature, wherein
the signal is a first signal, wherein the method further
comprises:
recording, by the controller, a second signal provided by
the at least one sensor, in response to sensing the
temperature around the portion of the user’s head; and

determining or causing to be determined, by the control-
ler, the temperature based on the second signal.

22. The method of claim 19, further comprising;

providing, by the controller, the data indicative of the

physiological context of the user to an external device
for processing.
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