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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 uset's head produced in response to the respiration cycle. The apparatus may further include a con -
troller coupled with the sensor, to process the signal and generate data indicative of the physiological context of the user. Other em-
bodiments may be described and/or claimed.
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USER’S PHYSIOLOGICAL CONTEXT MEASUREMENT METHOD AND
APPARATUS

Cross-Reference to Related Application
This apphcation claims priotity to U8, Application, entitled
“USER’'S PHYSIOLOGICAL CONTEXT MEASUREMENT METHOD AND APPARATUS”
filed March 23, 2016
Field
Erobodirserds of the present disclosure generally relate to the field of wearable devices,
and more particularly, 1o wearable devices also configured o measure a user’s physiological

context.

Backgronnd

Portable or wearable devices continue to increase in popularity, and feature increasingly
sophisticated functionality, including wireless capabilities. Some of the devices may be used (o
measure a user’s physiological context, such as parameters related fo 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
physiclogical context roeasurement may require the user to perform a particular action, such as
placing a finger on a display of the mobile device, placing the raobile 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 ivoivement and tale the user’s time away from other

{tasks to be performed on a device.

Brief Description of the Prawings

Embodiments will be readily understood by the following detailed description in
conjunction with the accompanying drawings. To faciitate this description, like reference
numerals designate hike structural elements. Embodimenis are illusirated by way of example and
not by wav of limitation in the figures of the accompanying drawings.

FIG 1 s a diagram iHlostrating an example apparatus for a user’s physiologieal context
measurements mcorporated with the teachings of the present disclosure, n accordance with some
embodiments.

FIG. 2 dlustrates an example configuration of the apparatus of FIG. 1, m accordance with

some embodiments.
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FIGz 3 illustrates some example embodiments of an apparatus for the user’s physiological
context measurernents, in accordance with some embodimenis.

FiG. 4 illustrates example sensors that may be used in an apparatus for the user’s
physiological context measurement, in accordance with some embodiments.

FIG. 5 dlustrates a graph showing test resulis of the example sensor in different
configurations, 1 accordance with some embodiments.

FiGz 6 15 an example expenmental setup for testing an apparatus for the user’s
physiological context measurements, in accordance with some embodiments.

FI1G. 7 15 a graph illostrating an example representation of the electronic {piezoeleciric)
signal captured during testing on the experimental setup of FIG. 6, in accordance with some
embodiments.

FIG. 8 15 a graph llustrating an exarople spectrogram based on the electronic
{prezoclecinic) signal captured during testing on the expenimental setup of FIG. 6, in accordance
with some embodiments.

Fi(z. O is a graph illusirating example normalized entropy calculated for the spectrogram
of FIG. 8, accordance with some embodiments,

F1G. 10 13 an example process flow diagram for providing measurements of the user’s
physiological context, in accordance with some embodiments.

FIG. 11 13 an example process How 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, i accordance with some embodiments.

Detailed Description

Embodimenis of the present disclosure include technigues 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 ou the head-fithng component to generate a signal indicative of a
user’s phvsiclogical context in response to contact with the user’s head. The physiological
context may comprise a respiration ¢ycle, and the sensor may sense vibration in a portion of the
user’s head produced in response to the respiration cvele. The apparatus roay further include a
controller coupled with the sensor, o process the signal and genearate data indicative of the
physiological context of the user.

Tu the following detailed description, reference 18 made to the accompanving drawings
that form a part hereof, wherein hike numerals designate hike parts throughout, and in which are

shown by way of illustration embodiments i which the subject matter of the present disclosure
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mayv be practiced. It is to be undersiood that other embodiments may be utilized and structoral or
logical changes may be made wuthout departing from the scope of the present disclosure.
Therefore, the following detailed description 1s not to be taken 1 a linuting sense, and the scope
of embodiments is defined by the appended claims and their equivalents.

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 {7
means {A), (BL ({CL{Aand B), (Aand C), (B and C}, or {A, B, and C}.

The description may use perspective-based descriptions such as fop/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.

The description may use the phrases “in an embodiment” or “in embodiments,” which
may each refer {0 one or more of the same or different embodiments. Furthermore, the terms
“comprising,” “including.” “having,” and the like, as used with raspect to embodiments of the
present disclosure, are synonymous.

The term “coupled with,” along with 1ts denivatives, may be used heremn. “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 vet still cooperate or interact with each other,
and may mean that one or more other clements are coupled or connected between the elerents
that are said {0 be coupled with each other. The term “directly coupled” may mean that two or
more elements are in direct contact.

FI1G 1 15 a diagramitlustrating an example apparatus for a user’s physiological context
measurements incorporated with the teachings of the present disclosure, in accordance with some
embodiments. The apparatos 100 may comprise a wearable device, to be wom on or around a
user’s head. Example implementations may include eyeglasses, helmets, headsets, diadems,
caps, hats, or other tvpes of headwear. While examples of specific implernentations {e.g., in
eveglasses) and/or technologies (e g.. piezoslectric sensors, wirelgss communications, eic. ) may
be employed herein, these examples are presented merely to provide a readily comprehensible
perspective from which the more generalized devices, methods, ete. described herein may be
understood.

As noted above, the apparatus 100 may comprise a wearable device, such as eveglasses
101, in the example illustrated 11 FIG. 1. The apparatus 100 mav include a body, sach as frame
102 of eveglasses 101, The frame 102 15 described heremn as a part of the apparatus 100 (n thas

example, eveglasses 101) for the sake of explanation. Other applications or configurations of an
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apparatus 100 may result in implementations that remain consistent with the teachings presented
heremn.

At least one sensor 104 may be disposad on the apparatus 100, such as on the frame 102,
as shown i 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, efc.) or may be incorporated within the structure of the frame 102, In ernbodimends, the
sensor 104 may comprise vibration sensing circuitry. The sensing circuitty may cormprise, for
example, piezoelectric components such as a diaphragm or other pieroelectnic transducer, {o
convert vibration (e.g., mechanical pressure waves) occurring 1o portions of the user’s head 1nto
signais.

As shown, the sensor 104 may be disposed on the frame 102 to be in contact with, or at
feast proximate to, the nose of a user wearing the apparatus 100, The bridge of the user’s nose
may resonate n response to the user’s respiration, such as inhaling and exhaling The sensor 104
may be able 1o detact vibration caused by the nasal bones resonating with the user’s respiration,
and mav convert the sensed vibration into a signal 130, e g., an electronic signal, to be processed
as described below, The erobodiments of this disclosure are not limitted fo nasal vibration
detection described above and are described herein for ease of understanding.  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 erobodiroends will be described
in greater detail below.

The apparatus 100 may Hwrther inclode 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 commmumnicatively coupled with the sensor 104, to receive and process the
signal 130 provided by the sensor 104, and {0 generate data indicative of the physiological
context of the user, such as respiration or temperature, as described below.

The controlier device 106 way coraprise, for example, a processing block 108, fo process
the signal 130 and generate data indicative of the physiological context of the user, and
communication block 110 {o transmt the data (0 an external device 160. The processing block
108 may comprise at least a processor 120 and werory 122, The processing block 108 may
include components configured to record and process the readings of the signal 130, The
processing block 108 mav provide these components through, for example, a plorality of
machine-readable insiructions stored in the wmemory 122 and executable on the processor

120, The controller device 106 may record the signal 130 and store {e.g., buffer) the recorded
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readings, for example, in the memory 122, for further analvsis and processing, e.g., in real time
or near-real time,

The processor 120 may include, for example, one or more processors situated in separate
components, or alternatively one or more processing cores embodiad in a componeni{e g, ina
Systern-on-a-Chip (50C) configuration), and any processor-related support circuitry {e.g.,
bridging wterfaces, etc.}. Example processors may include, but are not houted to, various
mcroproceassors including those in the Pentium®, Xeon®, Hantum®, Celeron®, Atom®),
Quark®, Core® product families, or the hike.

Examples of support cirenitry may include host sude or input/output (1/0) side chipsets (
also known as northbridge and southbridge chipsets/components) to provide an interface through
which the processor 120 may mteract with other system components that may be operating at
different speeds, on different buses, ete. i device 106, Some or all of the functionahty
commonly associated with the support cirowitry may also be included in the same phvsical
package as the processor,

The memory 122 may comprise random access memory (RAM}Y or read-only memory
{(ROM) i a fixed or rerpovable format. RAM may mclude 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 circuiiry configured
based on basic wput/ouiput systern (BIOS), Unified Extensible Firmware Interface (UEFT), efe.
o provide instructions when device 106 1s activated, programmable miemories such as electronic
programmable ROMs {erasable programmable read-only memory), Flash, ete. Other
fixed/removable memory may include, but 1s not limited to, electronic memories such as solid
state flash mervory, removable memory cards or sticks, efc.

The communication block 110 mav be commumicatively coupled with extemnal device
160 and may include one or more radios capable of transmitiing and receiving signals using
various suitable wireless commurucations technigues. Such technigues may mvolve
COMITIUnICAlions across one or more wireless networks. Some example wireless networks
mclude (but are not limited to} wireless local area networks {(WHELANSs}), wireless personal area
networks (WPAN3), wireless metropolitan area network {WMANg), cellular networks, and
satellite networks. In commnunicating 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 mstance, hardware, circnits, software, or any
combination thereof that allows cornmumication with external computer systems.

In some specific non~-limiting examples, the coramunication block 110 may comport with
the Institute of Elecirical and Flectronics Engineers (IEEF} 402,11 standard {e.g., Wi-Fi}, a

3
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Bluetooth®, ZigBee®, near-field commumication, or any other suitable wireless commmmication
standard. in addition, the comnumcation block 110 may comport with celhular standards such as
3G (e.g., Bvolution-Data Optimized (EV-D(), Wideband Code Division Multiple Access (W-
CDMA}) and/or 4G wireless standards {g.g., High Speed Packet Access (HSPA), Worldwide

5 Interoperability for Microwave Access (WIMAX), Long-Term Evolution (LTE}.

The apparatus 100 may further include a power circuitry block 114 configured to provide
power supply 1o the components of the controller device 106, In some embodiments, the power
circuitry block 114 may be configured to power on the controller device 106 continuously or
periodically, in order to save batterv power. In some emboduments, the power circuriry block

10 114 mayv be configured to power on the controlier device 106 on a “wake-up™ basis, e g., in
response to vibration defection by the sensor 104, The power circuitry block 114 may include
internal power sources (.g., batiery, fuel cell, efe. Y and/or extemal power sowrces {e.g., power
gnd, electromechantcal or solar generator, external fuel cell, eic ) and related circuttry

> s

onfigured to supply device 106 with the power needad to operate.

[
(.1

The controlier device 106 may inchude other components 112 that may be necessary for
functioning of the apparatus 100, Other corponents 112 may nclude, for example, hardware
and/or software to allow users {o mteract with the controller device 106 such as, for example,
various input mechanisms (e.g., microphones, switches, butions, knobs, kevboards, speakers,
touch-sensitive sur{aces, one or more sensors configured to capture images and/or sense
20 proxionty, distance, motion, gestures, oreniation, biomeinc data, efc.} and various output
mechanisns {e.g., speakers, displavs, lighted/flashung mdicators, electromechanical components
for vibration, motion, efc.}. The hardware in other componenis 112 may be incorporated within
the controlier device 106 and/or may be external to the device 106 and coupled to device 106 via

a wired or wireless communication medium

25 [08G1] 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 n the frame 102 of the apparatus 100, For ease of
uwnderstanding, fike 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

30 comprise, for example, sensing circuitiy {e.g., pierzoeleciric tranaducer) 202 affixed or removably
attached to structural support 204 of the nosepiece 200 of the frame 102, The sensing circuiiry
202 may inchude, for example, a piezoelectric diaphragm to convert vibration 206 info a signal.
Vibration 206 may occur due {o the user’s nasal bones (not shown) that may resonaie in response

to the user’s respiration. The piezoelectric diaphragm comprising the sensing circuitry 202 may

(43
(v 4}

be able to accurately generate a signal indicative of respiration and may not require external
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power, because the pressure waves may compreass a piezoelectric crystal of the diaphragm to
generate the electronic signal.

The eveglasses 181 may further include a wire 208 to convey the signal from the sensor
104 1o the controlter device 106, The wire 208 15 shown for illustration purposes; the use of
wireless comununication may also be possible fo transmit the signal to the controller device 106,

A variety of sensor configurations may be iroplemented consistent with the present
disclosure. For example, given that two nosepieces 200 and 201 may exist in a comunon pair of
glasses, at least one of the two nosepieces 200, 201 may inchude the sensor 104, In another
example implementation, both vosepieces 200 and 201 may nclude sensing circuitries 202 and
212 {shown in dashed lines}), comprising the sensor 104, For example, the circuitries 202 and
212 disposed i each nosepiece 200 may be wired in series to generate stronger signals. In
another ernbodirnent, the aircuitries 202, 212 in the nosepieces 200, 201 may be wired
mdividually, and the countroller device 106 {e.g , processing block 108) may select the sensor
circuttry 202 or 212 of the sensor 104 to emplov 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, natural deformities such as
a deviated septum, etc.} and select the particular sensor circuitry that may provide the strongest
and cleanest signal.

The erabodirments of FIGS. 1 and 2 descnibe the apparatus for the user’s physiological
conlext measurements adapted for evewear. Evewear such as eveglasses, sunglasses, safety
glasses, or the like are routinely wom 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 phyvsiological context may be contemplated, some
of which are described in reference to FIG. 3.

FIG. 3 illustrates some example embodiments of an apparatus for the user’s physiclogical
conlext measurements, 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,
such as the sensor 104, may be disposad in different areas of the headset 302 and helmet 312, as
mdicated by numerals 304, 306, 30, 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 1o response {o application of
the wearable device 302 or 312 {o the user’s head. As shown, the sensors may be disposed in a
head-fitiing area of a respective wearable device in order {o provide the contact between the
senisors and the temples or forehead of the user, to conduct sensing of the respective bone

vibration in response o the user’s inhaling and exhaling.
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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 1o enable signal
transmmssion from the sensors {o the controlier device. Understandably, the controller device
may be mounted in other suttable areas of a respective wearable device, depending on the
wearable device configuration.

As notad, other types of wearable devices configured to provide the user’s physiological
context measurements may include, bul may not be Hmted to, diadems, caps, hats, or other types
of headwear. In general, any headwear or form factors that may provide for comtact of a sensor
with an upper portion of the user’s head may be used with embodiments described herein.

in some embodiments, form factors may include patch-like implementation 332 applied
10 the user’s nasal boues, as shown in example view 340, The patch-like implementation 332
may mclude the sensor 104 with associated electronics {e.g., controller device 106), for use, for
example, in sleep studies (e g, sleep apnea detection tesis), where eveglasses or other headwear
mayv not be suitable for the task.

FiG. 4 illustrates example sensors that moay be used in an apparatus for the uger’s
physiclogical context measurement, in accordance with some embodiments. The example
sensors are shown in configurations A and B, described below in greater detail.

As shown, for example, in configuration A, a sensor 404 may comprise a piezoeleciric
sensor and include a piezoelectric diaphragm {(Crvstaly 406 to provide signal {output voltage) in
response 1o sensing a vibration. The pieroelectric cryvstal 406 may be couplad 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 crvstal 406 and the ground 408 respectively may provide the prezoelectnic
signal {output voltage) of the sensor 404

in some embodiments, one of the electrical contacts of the disk 408 (e.g., wires 410 or
412y 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
measurements of the user’s temperature in addition to measurements of respiration describad
above. Accordingly, the addition of a thermocouple {6 the piezoelectric sensor may enable
confinuous body temperature monitosing.

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. 123
The described sensor embodiments may require a manimum amount of Tow-cost additional
hardware {one regular thermocouple and a sumple voltage mounttoring curcutt). No complex or

POWEE CONSUIMING Sensors of processing algorithms may be requived. Further, the temperature
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measurements mav provide a desired precision, as evidenced by graphs in FIG. 3 showing
experimental results of temperature measurements.

With reference to FIG. 4, configuration A further tlustrates the sensor 404 with an added
thermocouple. The thermocouple may inchide 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.

F1G. 5 ithustrates a graph showing test results of the example sensor 404 in different
configurations, in accordance with some embodimenis. 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 mav provide a higher output
compared to configuration A, and may be more suttable for some iroplementations. As shown in
the graphs of FIG. 5, a thermocouple attached to the piezoelectric disk may detect. in general,
any reguiar temperature in contact with the disk 408, and in particular the user’s body
teroperature range {e.g, 35° - 417 C, or 957 - 106° F}).

FIG. 6 is an example experimental setup for testing an apparatus for the user’s
physiological context measurements, in accordance with some embodiments. For experimental
purposes, two sensors (pieroelectric transducers) fabricated as described in reference o FIGS. 1-
5 may be connected in series. Each sensor may be conposed of a metallic disk and a thin layer
of piezoelectric material (Murata® 7BB-20-6L.0), as described n reference to FIG. 4. The
sensors may be mounted on the nasal support of a pair of commercially available glasses, similar
to the erobodirsends described i reference to FIGS. -2, A test subject 1s shown as wearing the
protolype eveglasses comprising the apparatus for the user’s physiological context

measurements. The test subject may breathe normally for a finite period of time, e g, 60 se

o

The resulting number of complete inhale and exhale pertods may equal 21, with a complete
nurnber of 10 respiration cyvcles per minute.

Fi(z. 7 15 a graph tilustrating an example representation of the electronic {e.g.,
piezoelectric) signal captured during testing on the experimental sefup of FIG. 6, in accordance
with some ernbodiments. The signal may be recorded at a saraple frequency of 41 kHz, and
down sarnpled 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 ¢ (fori1 =1, 2,..., n number of
windows) to obtain a specirogram 57 using the short-time Fourier transform, as described below.

FIG. 8 15 a graph ilustrating an exarople spectrogram based on the electronic

{(mezoelectric) signal captured during testing on the experimental setup of FIG. 6, in accordance

Q
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with some embodiments. The portion of the spectrogram indicated by numeral 800 shows inhale
and exhale cveles (e.g., three complete cycles) captured during the first 15 seconds of the data
collection performed during festing on the setup of FIG. 6. As noted above, the inhale and
exhale cycle may comprise a respiration cvele.

As shown, the inhale and exhale periods may be observed within the frequency band 802
{e.g., 50-800 Hz). After the spectrograrm 1s corapuied, the frequency entropy {or each window 57
may be calculated using the non-normalized Shannon entropy criteria. Fntropy may be used as a
measure of energy {or activity) of the signal in the frequency domain that mav be present at a

given fime /. Entropy of the frequency window 87 roay be defined as;

n
E(S,) = "2_4 S? log(5%)
i=1

where £ (5i} is entropy of the frequency window 81, which may represent the Fourier
transformo of the signal window ¢, 83i=871). The sum considers the contribution of all frequency
components analyzed n 8. The logarithmic function allows a greater entropy weight measure (o
signal intensity, while attenuating noise and disturbances.

FIG. 9 1s a graph illustrating exarople normalized entropy caleulated for the spectrogram
of FIG. 8, in accordance with soroe embodiments.  An eropinc threshold may be set to score the
beginning and the end of an inhale or exhale cvcle, or the combination of two subsequent cvcles
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, i may be possible to calculate average breathing
cycle duration and/or the average number of respiration cyeles per minute n real ime.

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 determane a correlation
between the human rater-produced inhale and exhale cvcle and whale and exhale cycles
determined according to the process described above. The markers at the bottom of the graph of
FI1G. 9 mdicate 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 embodimentis
described heren (dark dots). The comparison metric o use may nclude, for example, Intra-class
Correlation Coefficients JUC), which may be swiable for continuous and ordered data. The
experimental [CC results between the homan rater and the astomatic scores from the proposed
methodology may result in an ICC equal to 0.98. The respiration cvcle deterrination process is
described in detail in reference to FIG. 11

FI(z 1¢1s an example process flow diagram for providing measurements of the user’s
physiological context, 1u accordance with some embodiments. The process 1000 may comport
with sorse of the apparatus embodiments desenibed in reference to FIGS. 1-9. For example, the
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apparatus may comprise a wearable device 101 of FIG. 1 or wearable devices 302,312, or 332 of
FIG. 3. In altemate embodiments, the process 1000 may be practiced with more or fewer
operations, or a different order of the operations.

The process 1000 may begin at block 1002 and include receiving, by a controlier {e.g.,
the earlier described controller disposed on a wearable device), from af least one sensor coupled
with the controller and disposed on a head-fitting coroponent of the wearable device, signals
generated by the sensor in response 1o sensing an indication of the user’s phvsiological context
on a portion of the user’s head. As discussed above, physiological context may include a
respiration cvele, and an indication of the user’s phvsiological context roay include vibration
produced i the portion of the user’s head in response to the respiration cvcle. The actions of
block 1002 may further inchude recording the signal during one or more respiration cvcles.

As further described above, physiological contest of the user may further include
temperature, and the detection of physiological context may be performed using a prezoelectric
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. 4-3, inresponse o sensing the temperature around the portion of the uset’s
head.

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 respuration determunation, processing roay include obtaimung a spectrogram of the
signal and calculating entropy of the spectrogram to produce inhale and exhale cvcle data. to
define the respiration cycle, and determuning the respiration cycle. The processing of the signal
for respiration ¢ycle deternunation 1s described in roore detail 1o reference to FIG. 1L

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 embodiments, the data imdicative
of the physiological contest of the user may be provided (o an external device for processing.

FIG. 11 15 an example process How 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 cvcle, in accordance with some embodiments. The process 1100 describes i more
detail the actions of block 1002 of FIG. 10 as they relate to deternuning the respivation cyvele of
the user described in reference to FIGS. 7-9.

The process 1100 may begin ai block 1102 and include collecting signal samples e.g.,
amplitude saroples from the piezoelectnic signal shown 1n the graph of FIG. 7 at a particudar
sarople 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 1/16,000 of a sec,
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where 16,000 samples compose 1 second of the signal. A time pertod of 230 ms of the signal
{transiates o 4,000 samples enclosed 1 a ttime window #, where 1= 1,23 . n are the signal
windows 0 process.

At block 1104, the process 1100 may include computing spectrogram {shown in FIG. 8}
using short-tume Fourter ransform. A Founer transform is a representation of the frequency
components {spectrurn} of a signal in the frequency domain, as opposed {0 the temporal domain.
A spectrogram is a temporal representation of the spectrum where 1t may be observed how the
frequency components of the window & change over time. For the purposes of the present
disclosure, the spectrogram may provide a visualization feature to 1dentify v whuch frequency
bands {and time periods) the indications of respiration may be taking place.

At biock 1106, the process 1100 may inchude calculating, based on the spectrogram
calculated at block 1104, normalized Shannon entropy £} of a window 87, 1n which the
frequency of the signals roay be observed. As discussed in reference to FIG. 9, the spectrogram
may be composed of a number of windows 8. The Shannon entropy may be a measure of
energy contained i the signal captured from the piezoelectric sensor. There may be different
ways to calculate the level of entropy, aroplitude, energy, ete. The Shannon entropy may be
chosen because it considers the variability of the overall signal equally at all frequency
componenis under analysis,

It moay be calculated how muuch entropy is contained 1 SV {e.g., the 250 ms spectrogram)
using Sharmon’s forouta. The higher the entropy, the tugher may be the probahility that the
signal may be indicative of the user’s respiration. For example, absence of detected bone
vibration {e.g., complete silence} may resull in zero entropy.

It may be shown experumentally that respiration may be present with values ligher 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 cyele.

At decision block 1108, the process 1100 may inchude determining whether the entropy
level of the window 57 15 higher than threshold level TH {e.g, 0.3}, and the entropy level of the
previcus window Si-7 is lower than the threshold level TH (g g, 0.3} I both conditions are met,
it may mean that the entropy level went from low o high, which may represent the beginning of
a respiration cvele. Accordingly, the process 1100 may move to block 1110, at whach a marker
may be produced that may indicate a start of the respiration cycle.

if at least one condition of decision block 1108 is not met, the process 1100 may move (o
decision block 1112, in which it may be deternuned whether the entropy level of the window $i
1s lower than threshold level TH (e g, 0.3}, and the entropy level of the previous window Si-1 15

higher than the threshold level TH {e.g., 0.3} H both conditions are met, it may mean that the
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entropy level went from high to low, which may represent the ending of a respiration cvele.
Accordingly, the process 1100 roay 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 a respiration
cvele of a user based on processing of the signal provided by the sensor of the apparatus for
determuining the user’s respiration cycle.

The following paragraphs describe examples of various embodiments.

Example 1 may be an apparatus for a user’s physiological context measwrements,
comprising: a head-fitling component to be mounied at least partly around a user’s head; af least
one sensor disposed on the head-fitling component to generate a signal indicative of a user’s
physiclogical context in response to contact with the user’s head, wherein the physiclogical
context comprises a respiration cyele, wherein the sensor is 10 sense vibration in a portion of the
user’s head produced in response to the respirabion cvcle; and a controller coupled with the at
least one sensor, o process the signal and generate data indicative of the physiological context of
the user.

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, 1o
response to application of the apparatus fo the user’s head, whereain the apparatus comprises a
wearable device.

Exarople 3 may jnclude the subject matter of Example 2, wherein the controller to
generate data indicative of the physiological context of the user 15 to provide information
mdicative of an inhale cvcle and exhale cvcle that define the respiration ¢ycle of the user.

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 1o 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,

Exarople 5 may include the subject matier of Example 2, whereimn the at least one sensor
comprises a piezoelectric transducer responsive o vibration,

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

Example 7 mav include the subject matter of Example 6, wherein the pieroelectric
fransducer includes a piezoelectric dise with first and second electrical contacts coupled with the

disc, wherein one of the first or second elecirical contacis comprises a thermocouple.
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Example 8 may include the subject matter of Example 6, wherein the controller to
generate data mdicative of the physiological context of the user s o further provide information
mdicative of the temperature of the user.

Example ¢ mav include the subject matter of Example 1, wherein the apparatus
comprises eveglasses, wherein the head-{itting component comprises a frarne 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.

Example 10 may include the subject matter of Example 1, wherein the apparatus
comprises eveglasses, wherein the head-fithing component cornprises a frame, wheren the
portion of the user’s head comprises a temple. wherain the sensor 1s mounted or removably
attached on a side of the frame that is placed adjacent 1o the temple, in response to application of
the eyeglasses to the user’s head.

Exaraple 11 may nclude the subject matier of Example 1, wherein the apparatus
comprises one of g helmet, a headset, or a patch, wherein the head-fitting component comprises
a portion of the apparatus 1o provide a contact between the al 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.

Example 12 may inchude the subject matter of Example 1, wherein the controller is
mounied on the apparatus.

Exarople 13 may nclude the subject matter of any of Exaroples 1 to 12, wherein the
controfler 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.

Example 14 may be a method for providing an apparatus for a user’s physiclogical
coniext measurements, comprising: disposing at least one sensor on a head-fithing 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 1s 1o generate a signal 1n response fo sensing an indwcation of the
user’s physiological context, based on the contact with the portion of the user’s head; and
electricaily coupling the at least one sensor with a controller, 1o process the signal and generate
data indicative of the user’s phvsiological context.

Example 15 may include the subject matter of Example 14, wherein the wearable device
comprises eveglasses, wherein the head-fitting component comprises a frame with a nosepiece,
wherein disposing at least one sensor on a head-fitting cornponent includes mounting the sensor
on at least one of: the noseptece or a side of the frame that is placed adjacent 1o an upper portion

of the user’s head in response to applicanion of the eveglasses to the user’s head.
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Example 16 may include the subject matter of Example 14, whersin the wearable device
comprises one of a helmaet, a headset, or a headwear, wherein disposing at least one sensoron a
head-fitting component includes mounting the sensor on the head-fitting component to provide a
coniact between the at ieast one sensor and an upper portion of the user’s head.

Example 17 may include the subject matier of Example 14, further comprising: providing
the at least one sensor, wherein the sensor comprises a piezoelectric transducer respousive (o
vibration.

Example 18 may include the subject matter of Example 17, wherein providing the at least
one sensot includes atiaching a thermocouple fo the preroeleciric transducer.

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 conirolier and disposed on the wearable device, a signal indicative of a user’s
phvsiological context and generated by the sensor in response o contact with a portion of the
user’s head, wherein the physiclogical 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.

Example 20 may mclude the subject matter of Example 19, further comprising:
recording, by the controller, the signal during one or more respiration cyeles, wheretn processing
the signal includes providing or cansing {0 be provided, by the controller, analysis of the signal,
mcluding obtaining a spectrogram of the signal and calculating entropy of the spectrograr to
produce inhale and exhale cycle data, to define the respiration cycle.

Example 21 may include the subject matter of Example 20, wherein the physiciogical
context of the user further comprises temperature, wheremn the signal 1s a first signal, wherein the
method further comprises: recording, by the controler, a second signal provided by the at least
one sensor, in response 1o sensing the temperature around the portion of the user’s head, and
determining or causing to be determived, by the countroller, the teroperature based on the second
signal.

Example 22 may include the subject matier of any of Examples 19 to 21, further
comprising: providing, by the controlier, the data mndicative of the physiological context of the
user 1o an external device for processing.

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 controlier and
disposed on a wearable device, a signal indicative of a user’s physiological conlext and
generated by the sensor n response to contact with a portion of the user’s head, wherein the

physiological context comprises a respiration evcle, which causes vibration i the portion of the
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user’s head that is sensed by the sensor; and means for processing the signal, to generale data
indicative of the physiological condext of the user.

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 analvsis of the signal, including
means for obtaning a spectrogram of the signal and calculating entropy of the spectrogram to
produce inhale and exhale cycle data, to define the respiration cycle.

Example 25 may include the subject matter of Example 24, wherein the physiciogical
context of the user further comprises temperature, wheremn the signal 1s a first signal, wherein the
apparatus further comprises: means for recording a second signal provided by the at least one
sensor, in response 1o sensing the temperature around the portion of the user’s head, and means
for deternmuning or causing 1o be determined the teroperature based on the second signal.

Various operations are described as moultiple discrete operations n turn, 1o a manner that
1s most helpful in understanding the claimed subject matier. However, the order of description
should not be construed as to imply that these operations are necessarily order dependent.
Embodiments of the present disclosure may be implemented into a systern using any suitable
hardware and/or software to configure as desired.

Although certain embodiments have been tHusirated and described herein for purposes of
description, a wide variety of alternate and/or equivalent emboduments or implementations
calculated o 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 adaptations or variations of the embodiments discussed herein. Therefore,
it 18 marufestly ntended that embodiments described herein be himited only by the clairos and the

equivalents thereof

16



WO 2017/165028 PCT/US2017/018235

Claims

What 15 claimed s

1. An apparatus for a user’s physiclogical context measurements, compising:
5 a head-fithing component 1o 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 o 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
10 a controlier coupled with the af least one sensor, 1o process the signal and generate data

indicative of the physiological context of the user.

2. The apparatus of claira 1, wherein the head-fithng compounent is to provide the

contact between the sensor and the portion of the user’s head, in response to application of the

[
(.1

apparatus to the user’s head, wherein the apparatus comprises a wearable device,

3. The apparatus of claim 2, wherein the condroller to generate data indicative of the
physiological context of the user 13 to provide miormation indicative of an inhale cvcle and
exhale cycle that define the respiration eycle of the user.

20

4, The apparatus of claim 3, wherein the controller fo provide information mdicative
of the respiration cvele of the user includes 1o record the signal during one or more respiration
cycles, and to provide or cause to be provided analvsis of the signal, which ncludes to obtain a

spectrogram of the signal and calculate entropy of the specirogram fo produce inhale and exhale

Wh

cvele indications.

b2

5. The apparatus of claire 2, wherein the at least one sensor comprises a

piezoeleciric transducer responsive o vibration.

30 6. The apparatus of claim 5, wheremn the physiological context of the user further
comprises temperature, wherein the at least one sensor s to further sense the temperature around

an areq of the at least a poriion of the user’s head.

[
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7. The apparatus of claim 6, wherein the pigzoeleciric transducer includes a
prezoelectric dise with first and second electrical contacts coupled with the dise, wheremn one of

the first or second elecirical contacts comprises a thermocoupla,

8. The apparatus of claim 6, wherein the controller to generate data indicative of the
phvsiological context of the user is to further provide mformation mdicative of the teraperature

of the user.

9. The apparatus of claim 1, wheremn the apparatus coroprises eveglasses, wheremn
the head-fitting component comprises 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 comprnises eveglasses, wherain
the head-fitting component comprises a frame, wherein the portion of the user’s head comprises
atemple, wherein the sensor is mounted or removably attached on a side of the frame that i3

placed adiacent 1o the temple, 10 response 1o application of the eveglasses 1o the user’s head.

1L The apparatus of claim 1, wherein the apparaius comprises one of: a helmet, a
headset, or a patch, wherein the head-fithing component comprises a portion of the apparatus o
provide a contact between the at least one sensor and an area of an upper porlion of the user’s
head, wherein the upper porfion comprises a temple, a forehead, or a nosea.

12, The apparatus of clatm 1, wheren the controller 1s mounted on the apparatus.

13, The apparatus of any of claims 1 to 12, wherein the controlier 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.

14, A method for providing an apparatus for a user’s physiological context
MEASUTSIMESnis, Comprising:

disposing af least one sensor on a head-fitting component of a wearabie device to provide
a contact between the sensor and at least a portion of a user’s head, wherein the atf least one
sensor is to generate a signal in response to sensing an indication of the user’s physiological

conlext, based on the contact with the portion of the user’s head; and

18
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electrically coupling the at least one sensor with a controller, to process the signal and

generate data indicative of the user’s physiclogical 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 eveglasses to the user’s head.

16, The method of claim 14, whersin the wearable device comprises one of a helmet,
a headset, or a headwear, wherein disposing at least one sensor on a head-fitting component
inchudes mounting the sensor on the head-fitting component to provide a contact between the at

teast one sensor and an upper porlion of the user’s head.

17. The method of claim 14, further comprising: providing the at least one sensor,

wherein the sensor comprises a plezoelectric transducer respousive to vibration,

i8.  The method of claim 17, wherein providing the at least one sensor includes

attaching a thermocouple 1o the peroelectric ransducer.

i A method for providing a user’s physislogical context measurements, COmprismg:

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
physiclogical context and generated by the sensor i response to condact with a portion of the
user’s head, wherein the phystological context comprises a respiration cycle, which causes
vibration i the portion of the user’s head that s sensed by the sensor; and

processing, by the controlier, the signal, (o generate data indicative of the physiclogical
context of the user.

20.  The method of claim 19, {urther comprising:

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

wherein processing the signal inchides providing or causing to be provided, by the
controller, analvsis of the signal, including obtainming a spectrogram of the signal and caleulating
entropy of the spectrogram to produce whale and exhale cvele data, to define the respiration

cycle.
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21, The method of clavm 20, wherein the phyvsiological context of the user further
comprises temperature, wherein the signal is a first signal, wherein the method further
comprises:

5 recording, by the controller, a second signal provided by the at least one sensor, in
response to sensing the femperature around the portion of the user’s head; and

deternuning or causing to be determuned, by the controllar, the temperature based on the

second signal,
16 22. The method of any of claims 19 to 21, further comprising:
providing, by the controller, the data mdicative of the physiclogical context of the user (o

an external device for processing.

23, An apparatus for a user’s physiological context measwements, comprising:

[
(.1

means for receiving, from af least one sensor coupled with the controlier and disposed on
a wearable device, a signal mdicative of g 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 respivation cycle, which causes vibration in the portion of the user’s head that is
sensed by the sensor; and
20 means for processing the signal, to generate data indicative of the physiological contexy

of the user.

24. The apparatus of clatm 23, further comprising:

means for recording the signal durimg one or more respiration cycles,

b
Wh

wherein means for processing the signal includes means for providing or causing to be
provided analysis of the signal, mcluding means for obtaining a spectrogram of the signal and
calculating entropy of the spectrogram to produce inhale and exhale cycle data, 1o define the

respiration cyvcle.

30 25. The apparatus of ¢clavm 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 {o

sensing the teroperature around the portion of the user’s head; and
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means for determiming or causing to be determined the temperature based on the second

signal.
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