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RESPIRATORY BIOLOGICAL SENSING

TECHNICAL FIELD

[0001] Embodiments described herein generally relate to
stress sensors.

BACKGROUND

[0002] Respiration rate is one of the key vital signs that
indicate overall health and wellness. In various examples,
respiratory sensors include spirometry airflow sensors, doc-
tor analysis via chest cavity volume or stethoscope, or
stretch sensors embedded in clothing. However, these exist-
ing solutions for determining respiration rate are bulky,
expensive, inaccurate, inaccessible, or time-consuming. It is
desirable to provide an improved respiratory sensor for a
consumer that is reliable, accessible, convenient, inexpen-
sive, and readily available.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is a perspective diagram of respiratory
sensor eyeglasses, in accordance with at least one embodi-
ment.

[0004] FIG. 2 is a graph of respiratory audio sample, in
accordance with at least one embodiment.

[0005] FIG. 3 is a graph of respiratory audio frequency
data, in accordance with at least one embodiment.

[0006] FIG. 4 is a respiratory processing flow chart, in
accordance with at least one embodiment.

[0007] FIG. 5 is a graph of smoothed respiratory data, in
accordance with at least one embodiment.

[0008] FIG. 6 is a graph of irregular respiratory data, in
accordance with at least one embodiment.

[0009] FIG. 7 is a graph of increased noise respiratory
data, in accordance with at least one embodiment.

[0010] FIG. 8 is a block diagram illustrating a respiratory
sensor in the example form of an electronic device, accord-
ing to an example embodiment.

DESCRIPTION OF EMBODIMENTS

[0011] A technical solution to the technical problem of
determining a respiration rate includes a respiratory sensor
and a software solution, where the software solution detet-
mines respiration rate from the respiratory sensor (e.g.,
microphone) located on the bridge of the user’s nose. The
respiratory sensor may be placed on or near the nose, such
as a microphone located in the nosepiece of a pair of glasses.
Due to the placement of the microphone and the respiration
detection system design, the wearer respiration rate can be
determined reliably even with ambient noise (e.g., music)
and movement. This makes the respiration rate calculation
accessible and reliable, both for everyday wear and for
extreme situations such as sports. The respiration detection
described herein provides reliable respiration rates within
various environments and with various users, and consis-
tently provide respiration rate whenever the nosepiece is in
contact with the wearer’s face.

[0012] The following description and the drawings suffi-
ciently illustrate specific embodiments to enable those
skilled in the art to understand the specific embodiment.
Other embodiments may incorporate structural, logical,
electrical, process, and other changes. Portions and features
of various embodiments may be included in, or substituted
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for, those of other embodiments. Embodiments set forth in
the claims encompass all available equivalents of those
claims.

[0013] FIG. 1 is a perspective diagram of respiratory
sensor eyeglasses 100, in accordance with at least one
embodiment. Respiratory sensor eyeglasses 100 may detect
respiration rate using a sensor within the glasses bridge 110
or within the nose support 120. FIG. 1 shows the nose
support sensor 120 within the eyeglasses frames, however
the nose support sensor 120 may be partially or completely
within nose pads, nose pad supports, or related eyeglasses
support structures. Nose support sensor 120 may include
two sensors on each side of the nose, or may include a single
sensor on a left or right side of the nose. The bridge sensor
110 or the nose support sensor 120 may include a transducer
that converts vibration (e.g., breathing) into electrical sig-
nals. The transducers may include one or more of a vibration
transducer or an acoustic transducer, such as a piezoelectric
microphone, a microelectromechanical systems (MEMS)
microphone, or other types of transducers.

[0014] Inan embodiment, the respiration detection system
includes a respiration detection process that is implemented
on a processor 130 embedded within the glasses. As
described below, the respiration detection process may use
batch processing and a computationally efficient fast Fourier
transform (FFT) to provide reliable respiratory calculations
while remaining computationally lightweight. The resulting
respiration detection process is light in memory and proces-
sor requirements, enabling the respiration detection process
to run on an embedded processor 130, thereby avoiding the
need for transmission of the raw audio signal to a phone,
tablet, or other connected mobile electronic device. Alter-
natively or in addition to processing data on processor 130,
respiration data may be provided through a radio 140 (e.g.,
Bluetooth connection) to a connected mobile electronic
device.

[0015] Processor 130, radio 140, a power source, and
other electronics may be located in various places within the
eyeglasses frames, such as to improve eyeglasses balance or
comfort. The presence of a transducer and related electronics
within eyeglasses may be an indication of potentially
infringing devices. The implementation of various compo-
nents of the respiratory sensor eyeglasses 100 allows the
technology to be integrated into everyday eyewear, while
still providing reliable respiration rate determination in a
hidden and unobtrusive way.

[0016] FIG. 2 is a graph of respiratory audio sample 200,
in accordance with at least one embodiment. The audio
sample 200 shows the raw output of a piezoelectric micro-
phone located in a nose bridge of a pair of eyeglasses. The
microphone output was recorded at a sample rate of 8 KHz.
The audio sample 200 was recorded while a user was
walking. The audio sample 200 is noisy, contaminated by the
user walking (i.e., sharp walking peaks 210 throughout) and
other ambient noise (i.e., the baseline fluctuations). Detec-
tion of the respiration rate is improved by analyzing the
audio sample 200 in the frequency domain, such as shown
in FIG. 3.

[0017] FIG. 3 is a graph of respiratory audio frequency
data 300, in accordance with at least one embodiment. The
respiratory audio frequencies 300 include the raw output of
the piezoelectric microphone shown in FIG. 2, where the
raw output has been shifted to the frequency domain. In
particular, frequency data 300 includes a walking and



US 2018/0317846 A1l

breathing portion 310 that uses the same raw data as shown
in FIG. 2. Frequency data 300 also shows a breathing-only
portion 320 that includes occasional breath-holding pauses.
Frequency data 300 also shows a combination breathing and
music portion 330. Each plot within frequency data 300
shows the breath signal (i.e., inhalation or exhalation) that is
readily observed in the 800-2500 Hz band, despite the
contamination seen in the time domain shown in FIG. 2. In
some embodiments, the strongest frequency peaks within
the frequency data 300 are in or around a breathing fre-
quency range of 2000-2300 Hz. For example, human motion
may provide a contaminant (e.g., false positive) audio signal
output during a time when there is no obvious breathing, but
the respiration detection process may exclude the human
motion signals and detect respiration rate by focusing the
respiration detection process on breathing frequency range
of approximately 2000-2300 Hz. Each plot within frequency
data 300 was generated using a 256-point rolling fast Fourier
transform (FFT) with a Hanning window smoother applied
to each sample, though other frequency transformations or
window functions may be used. The frequency data 300 may
be used to detect a respiratory rate, such as using the
respiratory processing flow chart shown in FIG. 4.

[0018] FIG. 4 is a respiratory processing flow chart 400, in
accordance with at least one embodiment. Respiratory pro-
cessing flow chart 400 receives an 8 kHz raw signal input
405 as input to the respiration detection process 410, such as
from a microphone mounted in the bridge of eyeglasses.
Input 405 is frequency-transformed 415 using a 256-point
ITT with a Hanning window smoother. Frequency transfor-
mation 415 may be performed as samples become available
or may be batch-processed, such as batch processing
samples every 4™ of a second (e.g, approximately 2000
samples). The output of the frequency transformation 415 is
provided to a spectrum summation 420, where the spectrum
summation 420 sums breathing signals within a predeter-
mined frequency range, such as within a breathing frequency
range of 2000-2300 Hz. To reduce or eliminate spurious
peaks or outlier data points, the summed output of the
spectrum summation 420 is smoothed 425, such as using a
3-point rolling average of the summed output.

[0019] After smoothing 425, respiratory processing flow
chart 400 branches based on the current state of a system.
When receiving the first set of data from the smoother 425,
the peak is not yet found 430, and the flow chart 400
branches to a peak search 435. The peak search 435 may also
be conducted between detected inhalation or exhalation
peaks, such as when the user is holding his or her breath.
During the peak search 435, the system looks for a data peak
to determine respiratory rate, where the data peak may be
defined using various criteria. In various embodiments, the
criteria used to identify a data peak includes one or more of
a data point whose magnitude is higher than the three
preceding and three following data points, a data point that
exceeds a predetermined threshold (e.g., an empirically
derived threshold), or a data point that is within 20% of the
value of the last peak. When receiving the first set of data
from the smoother operation 425, the initialized value of the
last peak is set to 10,000. These data peak identification
criteria. may be selected to reduce or eliminate spurious
noise within the breathing frequency band from manifesting
as false peaks within the data from the smoother operation
425.

Nov. 8,2018

[0020] Once the peak search 435 indicates that a peak has
been found 440, it branches to the valley search 445, where
a data valley may be defined using various criteria. In
various embodiments, the criteria used to identify a data
valley includes one or more of a data point that is lower than
the two preceding and two following points in time, or a data
point that is less than 40% of the preceding peak value.
These data valley identification criteria may be selected to
reduce or eliminate spurious valleys from manifesting as
false valleys within the data. A valley search 445 may also
be performed on additional data received from the smoother
operation 425 when at least a first peak has already been
identified 450.

[0021] Inan embodiment, the respiration rate is calculated
based on at least two peaks. Once the valley search 445
identifies a data valley has been found 455, the respiration
detection process branches to search for a subsequent peak
using the peach search 435. Once a subsequent peak is
identified 460, the respiration rate is calculated 465 based on
the time difference between any two peaks. In particular,
because subsequent peak times coincide with successive
inhalations and exhalations, the respiration rate is calculated
465 as twice the time between any two consecutive peaks.
For example, this calculation 465 corresponds to the time
between the midpoint of an inhalation and the midpoint of
an exhalation (or vice-versa), including any breathing pause
between inhalation and exhalation. In various embodiments,
the respiration rate may be calculated based on a moving
average of multiple peak-to-peak time measurements. An
example of calculated respiratory rate 465 is shown in FIG.
5

[0022] FIG. 51is a graph of smoothed respiratory data 500,
in accordance with at least one embodiment. Smoothed
respiratory data 500 shows the smoothed moving average of
the sum of the FFT magnitudes within the 2000-2300 HZ
frequency range. As described above, by finding peaks and
the valleys within the data, the periods of inhalation and
exhalation can be identified. Multiple successive peaks 510
are depicted using circles, and the respiration rate is calcu-
lated as double the time between successive peaks 510.
Additional data points shown within the smoothed respira-
tory data 500 correspond to smoothed data, each separated
by % second. Based on the peaks shown within the
smoothed respiratory data 500, the user is breathing in a
rhythmic pattern of inhalation and exhalation at a cadence of
approximately 1.25 seconds. While the smoothed respira-
tory data 500 includes multiple peaks in close proximity, the
effect of irregular breathing is shown in FIG. 6.

[0023] FIG. 6 is a graph of irregular respiratory data 600,
in accordance with at least one embodiment. Irregular respi-
ratory data 600 shows regions of irregular breathing 605,
which may include fast-interspersed breaths. Irregular respi-
ratory data 600 also shows regions of pauses between
breaths 620. The relative magnitudes of peaks and time
delays between successive peaks may vary among users,
where the variations may be affected by user breathing
patterns, sensor placement (i.e., eyeglasses placement), and
other user-specific variations. The respiration detection pro-
cess may begin by using a relatively low threshold for audio
signal peaks, such as by including frequencies below or
above the expected breathing spectrum of 2.0-2.3 kHz. As
additional peaks are detected, the audio signal breathing
spectrum may be narrowed to 2.0-2.3 kHz or narrower. The
respiration detection process may recalibrate the audio sig-
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nal breathing spectrum or other respiration rate calculation
thresholds in response to excessive peak noise or exces-
sively pauses between breaths (e.g., temporarily removing
glasses). Various recalibration or outlier rejection thresholds
may be used for excessive peak noise or excessively long
pauses between breaths. For example, a lower peak noise
threshold may be used to detect a peak event that causes the
audio signal breathing spectrum to be narrowed to 2.0-2.3
kHz, and a higher peak noise threshold may be used to
identify and exclude outlier peaks. By reducing or eliminat-
ing spurious peaks, valleys, or other outlier data points, the
respiration detection process is still able to identify peaks
and determine the respiration rate.

[0024] FIG. 7is a graph of increased noise respiratory data
700, in accordance with at least one embodiment. Increased
noise respiratory data 700 was collected while the user was
simultaneously walking and listening to music. Two regions
included targeted testing, where audio pitches in the 1.5-2
kHz region were directed toward the user. The first region
710 represents a period that included generic music playing.
While generic music was playing, the detected frequencies
of the various peaks were increased, however the respiration
detection process was still able to identify peaks and deter-
mine the respiration rate. The second region 720 represents
a period that included music blasting in the frequencies of
interest. While generic music was blasting, the detected
frequencies of the various peaks and valleys (i.e., noise
floor) were increased, however the respiration detection
process was still able to identify peaks and determine the
respiration rate.

[0025] FIG. 8 is a block diagram illustrating a respiratory
sensor system in the example form of an electronic device
800, within which a set or sequence of instructions may be
executed to cause the machine to perform any one of the
methodologies discussed herein, according to an example
embodiment. Electronic device 800 may also represent the
device shown in FIG. 1. In alternative embodiments, the
electronic device 800 operates as a standalone device or may
be connected (e.g., networked) to other machines. In a
networked deployment, the electronic device 8§00 may oper-
ate in the capacity of either a server or a client machine in
server-client network environments, or it may act as a peer
machine in peer-to-peer (or distributed) network environ-
ments. The electronic device 800 may be electronic glasses,
an integrated circuit (IC), a portable electronic device, a
personal computer (PC), a tablet PC, a hybrid tablet, a
personal digital assistant (PDA), a mobile telephone, or any
electronic device 800 capable of executing instructions
(sequential or otherwise) that specify actions to be taken by
that machine to detect a user input. Further, while only a
single electronic device 800 is illustrated, the terms
“machine” or “electronic device” shall also be taken to
include any collection of machines or devices that individu-
ally or jointly execute a set (or multiple sets) of instructions
to perform any one or more of the methodologies discussed
herein. Similarly, the term “processor-based system” shall
be taken to include any set of one or more machines that are
controlled by or operated by a processor (e.g., a computer)
to execute instructions, individually or jointly, to perform
any one or more of the methodologies discussed herein.

[0026] Example electronic device 800 includes at least one
processor 802 (e.g., a central processing unit (CPU), a
graphics processing unit (GPU) or both, processor cores,
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compute nodes, etc.), a main memory 804 and a static
memory 806, which communicate with each other via a link
808 (e.g., bus).

[0027] The electronic device 800 includes a respiratory
sensor 810, where the respiratory sensor 810 may include
audio or vibration transducers as described above. The
electronic device 800 may further include a display unit 8§12,
where the display unit 812 may include a single component
that provides a user-readable display and a protective layer,
or another display type. The electronic device 800 may
further include an input device 814, such as a pushbutton, a
keyboard, an NFC card reader, or a user interface (UI)
navigation device (e.g., a touch-sensitive input). The elec-
tronic device 800 may additionally include a storage device
816, such as a solid-state drive (SSD) unit. The electronic
device 800 may additionally include a signal generation
device 818 to provide audible or visual feedback, such as a
speaker to provide an audible feedback or one or more LEDs
to provide a visual feedback. The electronic device 800 may
additionally include a network interface device 820, and one
or more additional sensors (not shown), such as a global
positioning system (GPS) sensor, compass, accelerometer,
or other sensor.

[0028] The storage device 816 includes a machine-read-
able medium 822 on which is stored one or more sets of data
structures and instructions 824 (e.g., software) embodying
or utilized by any one or more of the methodologies or
functions described herein. The instructions 824 may also
reside, completely or at least partially, within the main
memory 804, static memory 806, and/or within the proces-
sor 802 during execution thereof by the electronic device
800. The main memory 804, static memory 806, and the
processor 802 may also constitute machine-readable media.
[0029] While the machine-readable medium 822 is illus-
trated in an example embodiment to be a single medium, the
term “machine-readable medium” may include a single
medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the
one or more instructions 824. The term “machine-readable
medium” shall also be taken to include any tangible medium
that is capable of storing, encoding or carrying instructions
for execution by the machine and that cause the machine to
perform any one or more of the methodologies of the present
disclosure or that is capable of storing, encoding or carrying
data structures utilized by or associated with such instruc-
tions. The term “machine-readable medium” shall accord-
ingly be taken to include, but not be limited to, solid-state
memories, and optical and magnetic media. Specific
examples of machine-readable media include non-volatile
memory, including but not limited to, by way of example,
semiconductor memory devices (e.g., electrically program-
mable read-only memory (EPROM), electrically erasable
programmable read-only memory (EEPROM)) and flash
memory devices; magnetic disks such as internal hard disks
and removable disks; magneto-optical disks; and CD-ROM
and DVD-ROM disks.

[0030] The instructions 824 may further be transmitted or
received over a communications network 826 using a trans-
mission medium via the network interface device 820 uti-
lizing any one of a number of well-known transfer protocols
(e.g., HTTP). Examples of communication networks include
a local area network (LAN), a wide area network (WAN),
the Internet, mobile telephone networks, and wireless data
networks (e.g., Wi-Fi, NFC, Bluetooth, Bluetooth LE, 3G,
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5G LTE/LTE-A, WiMAX networks, etc.). The term “trans-
mission medium” shall be taken to include any intangible
medium that is capable of storing, encoding, or carrying
instructions for execution by the machine, and includes
digital or analog communications signals or other intangible
medium to facilitate communication of such software.
[0031] To better illustrate the method and apparatuses
disclosed herein, a non-limiting list of embodiments is
provided here.

[0032] Example 1 is a respiratory rate detection system
comprising: a transducer disposed within a pair of eye-
glasses to detect respiration and generate a respiration
signal; and a processor to receive the respiration signal from
the transducer and determine a respiration rate.

[0033] In Example 2, the subject matter of Example 1
optionally includes wherein the transducer is disposed
within a bridge region within the pair of eyeglasses.
[0034] In Example 3, the subject matter of any one or
more of Examples 1-2 optionally include wherein the trans-
ducer is disposed within a nose support region within the
pair of eyeglasses.

[0035] In Example 4, the subject matter of any one or
more of Examples 1-3 optionally include wherein the pro-
cessor 1s disposed within the pair of eyeglasses.

[0036] In Example 5, the subject matter of any one or
more of Examples 1-4 optionally include a wireless radio
disposed within the pair of eyeglasses, the wireless radio to
transmit the respiration signal from the transducer to an
electronic device separate from the pair of eyeglasses,
wherein the processor is disposed within the electronic
device.

[0037] In Example 6, the subject matter of any one or
more of Examples 1-5 optionally include wherein the trans-
ducer includes an audible signal transducer.

[0038] In Example 7, the subject matter of any one or
more of Examples 1-6 optionally include wherein the trans-
ducer includes a vibration signal transducer.

[0039] In Example 8, the subject matter of any one or
more of Examples 1-7 optionally include the processor
further to process the received respiration signal and identify
a plurality of inhalation/exhalation peaks, wherein identify-
ing the plurality of inhalation/exhalation peaks includes
identifying at least a first respiration peak and a second
respiration peak.

[0040] In Example 9, the subject matter of Example 8
optionally includes wherein the respiration rate is deter-
mined based on a peak time delay between the first respi-
ration peak and the second respiration peak.

[0041] In Example 10, the subject matter of Example 9
optionally includes wherein the respiration rate is calculated
as double the peak time delay between the first respiration
peak and the second respiration peak.

[0042] In Example 11, the subject matter of any one or
more of Examples 8-10 optionally include wherein identi-
fying the plurality of inhalation/exhalation peaks includes
applying a data peak criteria to the received respiration
signal.

[0043] In Example 12, the subject matter of Example 11
optionally includes wherein the data peak criteria includes at
least one of identifying a local maximum data point whose
magnitude is higher than a group of three preceding and
higher than a group of three following data points, identi-
fying a threshold data point whose magnitude exceeds a
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predetermined threshold, and identifying a consistent data
point whose magnitude is within twenty percent of a pre-
vious data point.

[0044] In Example 13, the subject matter of any one or
more of Examples 8-12 optionally include wherein identi-
fying the second respiration peak includes identifying a first
valley between the first respiration peak and the second
respiration peak.

[0045] In Example 14, the subject matter of any one or
more of Examples 8-13 optionally include wherein identi-
fying the first valley includes applying a data valley criteria
to the received respiration signal.

[0046] In Example 15, the subject matter of Example 14
optionally includes wherein the data valley criteria includes
at least one of identifying a local minimum data point whose
magnitude is lower than a group of two preceding and lower
than a group of two following data points, and identifying a
discontinuous data point whose magnitude is less than forty
percent of a previous peak data point.

[0047] In Example 16, the subject matter of any one or
more of Examples 1-15 optionally include the processor
further to frequency-transform the respiration signal to gen-
erate a frequency-transformed signal.

[0048] In Example 17, the subject matter of Example 16
optionally includes the processor further to apply a window
smoother to the frequency-transformed signal to generate a
windowed frequency signal.

[0049] In Example 18, the subject matter of Example 17
optionally includes the processor further to apply a spectrum
summation to the windowed frequency signal to generate a
summed spectrum signal.

[0050] In Example 19, the subject matter of Example 18
optionally includes wherein the spectrum summation
includes a frequency window range of 2000 HZ to 2300 Hz.
[0051] In Example 20, the subject matter of any one or
more of Examples 18-19 optionally include the processor
further to apply a smoothing average to the summed spec-
trum signal to generate a smoothed summed signal.

[0052] Example 21 is a respiratory rate detection method
comprising: generating a respiration signal from a trans-
ducer disposed within a pair of eyeglasses; and determining
a respiration rate based on the respiration signal.

[0053] In Example 22, the subject matter of Example 21
optionally includes wherein the transducer is disposed
within a bridge region within the pair of eyeglasses.
[0054] In Example 23, the subject matter of any one or
more of Examples 21-22 optionally include wherein the
transducer is disposed within a nose support region within
the pair of eyeglasses.

[0055] In Example 24, the subject matter of any one or
more of Examples 21-23 optionally include wherein the
processor is disposed within the pair of eyeglasses.

[0056] In Example 25, the subject matter of any one or
more of Examples 21-24 optionally include transmitting the
respiration signal from the transducer via a wireless radio
disposed within the pair of eyeglasses to an electronic device
separate from the pair of eyeglasses, wherein the processor
is disposed within the electronic device.

[0057] In Example 26, the subject matter of any one or
more of Examples 21-25 optionally include wherein the
transducer includes an audible signal transducer.

[0058] In Example 27, the subject matter of any one or
more of Examples 21-26 optionally include wherein the
transducer includes a vibration signal transducer.
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[0059] In Example 28, the subject matter of any one or
more of Examples 21-27 optionally include identifying a
plurality of inhalation/exhalation peaks, wherein identifying
the plurality of inhalation/exhalation peaks includes identi-
fying at least a first respiration peak and a second respiration
peak.

[0060] In Example 29, the subject matter of Example 28
optionally includes wherein determining the respiration rate
is based on a peak time delay between the first respiration
peak and the second respiration peak.

[0061] In Example 30, the subject matter of Example 29
optionally includes wherein determining the respiration rate
includes calculating the respiration rate as double the peak
time delay between the first respiration peak and the second
respiration peak.

[0062] In Example 31, the subject matter of any one or
more of Examples 28-30 optionally include wherein iden-
tifying the plurality of inhalation/exhalation peaks includes
applying a data peak criteria to the received respiration
signal.

[0063] In Example 32, the subject matter of Example 31
optionally includes wherein the data peak criteria includes at
least one of identifying a local maximum data point whose
magnitude is higher than a group of three preceding and
higher than a group of three following data points, identi-
fying a threshold data point whose magnitude exceeds a
predetermined threshold, and identifying a consistent data
point whose magnitude is within twenty percent of a pre-
vious data point.

[0064] In Example 33, the subject matter of any one or
more of Examples 28-32 optionally include wherein iden-
tifying the second respiration peak includes identifying a
first valley between the first respiration peak and the second
respiration peak.

[0065] In Example 34, the subject matter of any one or
more of Examples 28-33 optionally include wherein iden-
tifying the first valley includes applying a data valley criteria
to the received respiration signal.

[0066] In Example 35, the subject matter of Example 34
optionally includes wherein the data valley criteria includes
at least one of identifying a local minimum data point whose
magnitude is lower than a group of two preceding and lower
than a group of two following data points, and identifying a
discontinuous data point whose magnitude is less than forty
percent of a previous peak data point.

[0067] In Example 36, the subject matter of any one or
more of Examples 21-35 optionally include frequency-
transforming the respiration signal to generate a frequency-
transformed signal.

[0068] In Example 37, the subject matter of Example 36
optionally includes applying a window smoother to the
frequency-transformed signal to generate a windowed fte-
quency signal.

[0069] In Example 38, the subject matter of Example 37
optionally includes applying a spectrum summation to the
windowed frequency signal to generate a summed spectrum
signal.

[0070] In Example 39, the subject matter of Example 38
optionally includes wherein the spectrum summation
includes a frequency window range of 2000 Hz to 2300 Hz.
[0071] In Example 40, the subject matter of any one or
more of Examples 38-39 optionally include applying a
smoothing average to the summed spectrum signal to gen-
erate a smoothed summed signal.
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[0072] Example 41 is at least one machine-readable
medium including instructions, which when executed by a
computing system, cause the computing system to perform
any of the methods of Examples 21-40.

[0073] Example 42 is an apparatus comprising means for
performing any of the methods of Examples 21-40.

[0074] Example 43 is at least one machine-readable stor-
age medium, comprising a plurality of instructions that,
responsive to being executed with processor circuitry of a
computer-controlled device, cause the computer-controlled
device to: generate a respiration signal from a transducer
disposed within a pair of eyeglasses; and determine a
respiration rate based on the respiration signal.

[0075] In Example 44, the subject matter of Example 43
optionally includes wherein the transducer is disposed
within a bridge region within the pair of eyeglasses.
[0076] In Example 45, the subject matter of any one or
more of Examples 43-44 optionally include wherein the
transducer is disposed within a nose support region within
the pair of eyeglasses.

[0077] In Example 46, the subject matter of any one or
more of Examples 43-45 optionally include wherein the
processor is disposed within the pair of eyeglasses.

[0078] In Example 47, the subject matter of any one or
more of Examples 43-46 optionally include wherein the
instructions further cause the computer-controlled device to
transmit the respiration signal from the transducer via a
wireless radio disposed within the pair of eyeglasses to an
electronic device separate from the pair of eyeglasses,
wherein the processor is disposed within the electronic
device.

[0079] In Example 48, the subject matter of any one or
more of Examples 43-47 optionally include wherein the
transducer includes an audible signal transducer.

[0080] In Example 49, the subject matter of any one or
more of Examples 43-48 optionally include wherein the
transducer includes a vibration signal transducer.

[0081] In Example 50, the subject matter of any one or
more of Examples 43-49 optionally include wherein the
instructions further cause the computer-controlled device to
identify a plurality of inhalation/exhalation peaks, wherein
the instructions further causing the computer-controlled
device to identify the plurality of inhalation/exhalation
peaks includes the instructions further causing the computer-
controlled device to identify at least a first respiration peak
and a second respiration peak.

[0082] In Example 51, the subject matter of Example 50
optionally includes wherein determining the respiration rate
is based on a peak time delay between the first respiration
peak and the second respiration peak.

[0083] In Example 52, the subject matter of Example 51
optionally includes wherein determining the respiration rate
includes calculating the respiration rate as double the peak
time delay between the first respiration peak and the second
respiration peak.

[0084] In Example 53, the subject matter of any one or
more of Examples 50-52 optionally include wherein iden-
tifying the plurality of inhalation/exhalation peaks includes
applying a data peak criteria to the received respiration
signal.

[0085] In Example 54, the subject matter of Example 53
optionally includes wherein the data peak criteria includes at
least one of identifying a local maximum data point whose
magnitude is higher than a group of three preceding and
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higher than a group of three following data points, identi-
fying a threshold data point whose magnitude exceeds a
predetermined threshold, and identifying a consistent data
point whose magnitude is within twenty percent of a pre-
vious data point.

[0086] In Example 55, the subject matter of any one or
more of Examples 50-54 optionally include wherein iden-
tifying the second respiration peak includes identifying a
first valley between the first respiration peak and the second
respiration peak.

[0087] In Example 56, the subject matter of any one or
more of Examples 50-55 optionally include wherein iden-
tifying the first valley includes applying a data valley criteria
to the received respiration signal.

[0088] In Example 57, the subject matter of Example 56
optionally includes wherein the data valley criteria includes
at least one of identifying a local minimum data point whose
magnitude is lower than a group of two preceding and lower
than a group of two following data points, and identifying a
discontinuous data point whose magnitude is less than forty
percent of a previous peak data point.

[0089] In Example 58, the subject matter of any one or
more of Examples 43-57 optionally include wherein the
instructions further cause the computer-controlled device to
frequency-transform the respiration signal to generate a
frequency-transformed signal.

[0090] In Example 59, the subject matter of Example 58
optionally includes wherein the instructions further cause
the computer-controlled device to apply a window smoother
to the frequency-transformed signal to generate a windowed
frequency signal.

[0091] In Example 60, the subject matter of Example 59
optionally includes wherein the instructions further cause
the computer-controlled device to apply a spectrum sum-
mation to the windowed frequency signal to generate a
summed spectrum signal.

[0092] In Example 61, the subject matter of Example 60
optionally includes wherein the spectrum summation
includes a frequency window range of 2000 Hz to 2300 Hz.
[0093] In Example 62, the subject matter of any one or
more of Examples 60-61 optionally include wherein the
instructions further cause the computer-controlled device to
apply a smoothing average to the summed spectrum signal
to generate a smoothed summed signal.

[0094] Example 63 is a respiratory rate detection appara-
tus comprising: means for generating a respiration signal
from a transducer disposed within a pair of eyeglasses; and
means for determining a respiration rate based on the
respiration signal.

[0095] In Example 64, the subject matter of Example 63
optionally includes wherein the transducer is disposed
within a bridge region within the pair of eyeglasses.
[0096] In Example 65, the subject matter of any one or
more of Examples 63-64 optionally include wherein the
transducer is disposed within a nose support region within
the pair of eyeglasses.

[0097] In Example 66, the subject matter of any one or
more of Examples 63-65 optionally include wherein the
processor is disposed within the pair of eyeglasses.

[0098] In Example 67, the subject matter of any one or
more of Examples 63-66 optionally include means for
transmitting the respiration signal from the transducer via a
wireless radio disposed within the pair of eyeglasses to an
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electronic device separate from the pair of eyeglasses,
wherein the processor is disposed within the electronic
device.

[0099] In Example 68, the subject matter of any one or
more of Examples 63-67 optionally include wherein the
transducer includes an audible signal transducer.

[0100] In Example 69, the subject matter of any one or
more of Examples 63-68 optionally include wherein the
transducer includes a vibration signal transducer.

[0101] In Example 70, the subject matter of any one or
more of Examples 63-69 optionally include means for
identifying a plurality of inhalation/exhalation peaks,
wherein means for identifying the plurality of inhalation/
exhalation peaks includes means for identifying at least a
first respiration peak and a second respiration peak.

[0102] In Example 71, the subject matter of Example 70
optionally includes wherein means for determining the res-
piration rate is based on a peak time delay between the first
respiration peak and the second respiration peak.

[0103] In Example 72, the subject matter of Example 71
optionally includes wherein means for determining the res-
piration rate includes calculating the respiration rate as
double the peak time delay between the first respiration peak
and the second respiration peak.

[0104] In Example 73, the subject matter of any one or
more of Examples 70-72 optionally include wherein means
for identifying the plurality of inhalation/exhalation peaks
includes means for applying a data peak criteria to the
received respiration signal.

[0105] In Example 74, the subject matter of Example 73
optionally includes wherein the data peak criteria includes at
least one of identifying, a local maximum data point whose
magnitude is higher than a group of three preceding and
higher than a group of three following data points, identi-
fying a threshold data point whose magnitude exceeds a
predetermined threshold, and identifying a consistent data
point whose magnitude is within twenty percent of a pre-
vious data point.

[0106] In Example 75, the subject matter of any one or
more of Examples 70-74 optionally include wherein means
for identifying the second respiration peak includes means
for identifying a first valley between the first respiration
peak and the second respiration peak.

[0107] In Example 76, the subject matter of any one or
more of Examples 70-75 optionally include wherein means
for identifying the first valley includes means for applying a
data valley criteria to the received respiration signal.

[0108] In Example 77, the subject matter of Example 76
optionally includes wherein the data valley criteria includes
at least one of identifying a local minimum data point whose
magnitude is lower than a group of two preceding and lower
than a group of two following data points, and identifying a
discontinuous data point whose magnitude is less than forty
percent of a previous peak data point.

[0109] In Example 78, the subject matter of any one or
more of Examples 63-77 optionally include means for
frequency-transforming the respiration signal to generate a
frequency-transformed signal.

[0110] In Example 79, the subject matter of Example 78
optionally includes means for applying a window smoother
to the frequency-transformed signal to generate a windowed
frequency signal.
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[0111] In Example 80, the subject matter of Example 79
optionally includes means for applying a spectrum summa-
tion to the windowed frequency signal to generate a summed
spectrum signal.

[0112] In Example 81, the subject matter of Example 80
optionally includes wherein the spectrum summation
includes a frequency window range of 2000 Hz to 2300 Hz.
[0113] In Example 82, the subject matter of any one or
more of Examples 80-81 optionally include means for
applying a smoothing average to the summed spectrum
signal to generate a smoothed summed signal.

[0114] Example 83 is at least one machine-readable
medium including instructions, which when executed by a
machine, cause the machine to perform operations of any of
the operations of Examples 1-82.

[0115] Example 84 is an apparatus comprising means for
performing any of the operations of Examples 1-82.
[0116] Example 85 is a system to perform the operations
of any of the Examples 1-82.

[0117] Example 86 is a method to perform the operations
of any of the Examples 1-82.

[0118] The above detailed description includes references
to the accompanying drawings, which form a part of the
detailed description. The drawings show, by way of illus-
tration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addi-
tion to those shown or described. However, the present
inventors also contemplate examples in which only those
elements shown or described are provided. Moreover, the
present inventors also contemplate examples using any
combination or permutation of those elements shown or
described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects
thereof), or with respect to other examples (or one or more
aspects thereof) shown or described herein.

[0119] In this document, the terms “a” or “an” are used, as
is common in patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B”
includes “Abutnot B,” “B but not A,” and “A and B,” unless
otherwise indicated. In this document, the terms “including”
and “in which” are used as the plain-English equivalents of
the respective terms “comprising” and “wherein.” Also, in
the following claims, the terms “including” and “compris-
ing” are open-ended, that is, a system, device, article,
composition, formulation, or process that includes elements
in addition to those listed after such a term in a claim are still
deemed to fall within the scope of that claim. Moreover, in
the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended
to impose numerical requirements on their objects.

[0120] The above description is intended to be illustrative,
and not restrictive. For example, the above-described
examples (or one or more aspects thereof) may be used in
combination with each other. Other embodiments can be
used, such as by one of ordinary skill in the art upon
reviewing the above description. The Abstract is provided to
allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims. In the above Detailed Description,
various features may be grouped together to streamline the
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disclosure. This should not be interpreted as intending that
an unclaimed disclosed feature is essential to any claim.
Rather, inventive subject matter may lie in less than all
features of a particular disclosed embodiment. Thus, the
following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a
separate embodiment, and it is contemplated that such
embodiments can be combined with each other in various
combinations or permutations. The scope of the invention
should be determined with reference to the appended claims,
along with the full scope of equivalents to which such claims
are entitled.

1. A respiratory rate detection system comprising:

a transducer disposed within a pair of eyeglasses to detect

respiration and generate a respiration signal; and

a processor to receive the respiration signal from the

transducer and determine a respiration rate.

2. The system of claim 1, wherein the transducer is
disposed within a bridge region within the pair of eye-
glasses.

3. The system of claim 1, wherein the transducer is
disposed within a nose support region within the pair of
eyeglasses.

4. The system of claim 1, wherein the processor is
disposed within the pair of eyeglasses.

5. The system of claim 1, further including a wireless
radio disposed within the pair of eyeglasses, the wireless
radio to transmit the respiration signal from the transducer to
an electronic device separate from the pair of eyeglasses,
wherein the processor is disposed within the electronic
device.

6. The system of claim 1, the processor further to process
the received respiration signal and identify a plurality of
inhalation/exhalation peaks, wherein identifying the plural-
ity of inhalation/exhalation peaks includes identifying at
least a first respiration peak and a second respiration peak.

7. The system of claim 6, wherein the respiration rate is
determined based on a peak time delay between the first
respiration peak and the second respiration peak.

8. The system of claim 7, wherein the respiration rate is
calculated as double the peak time delay between the first
respiration peak and the second respiration peak.

9. The system of claim 6, wherein identifying the plurality
of inhalation/exhalation peaks includes applying a data peak
criteria to the received respiration signal.

10. The system of claim 6, wherein identifying the first
valley includes applying a data valley criteria to the received
respiration signal.

11. The system of claim 1, the processor further to
frequency-transform the respiration signal to generate a
frequency-transformed signal.

12. A respiratory rate detection method comprising:

generating a respiration signal from a transducer disposed

within a pair of eyeglasses; and

determining a respiration rate based on the respiration

signal.

13. The method of claim 12, further including identifying
a plurality of inhalation/exhalation peaks, wherein identify-
ing the plurality of inhalation/exhalation peaks includes
identifying at least a first respiration peak and a second
respiration peak.

14. The method of claim 13, wherein determining the
respiration rate is based on a peak time delay between the
first respiration peak and the second respiration peak.
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15. The method of claim 14, wherein determining the
respiration rate includes calculating the respiration rate as
double the peak time delay between the first respiration peak
and the second respiration peak.

16. The method of claim 13, wherein identifying the
plurality of inhalation/exhalation peaks includes applying a
data peak criteria to the received respiration signal.

17. The method of claim 12, further including frequency-
transforming the respiration signal to generate a frequency-
transformed signal.

18. At least one machine-readable storage medium, com-
prising a plurality of instructions that, responsive to being
executed with processor circuitry of a computer-controlled
device, cause the computer-controlled device to:

generating a respiration signal from a transducer disposed

within a pair of eyeglasses; and

determining a respiration rate based on the respiration

signal.

19. The machine-readable medium of claim 18, wherein
the transducer is disposed within a bridge region within the
pair of eyeglasses.

20. The machine-readable medium of claim 18, wherein
the instructions further cause the computer-controlled device
to identify a plurality of inhalation/exhalation peaks,
wherein the instructions further causing the computer-con-
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trolled device to identify the plurality of inhalation/exhala-
tion peaks includes the instructions further causing the
computer-controlled device to identify at least a first respi-
ration peak and a second respiration peak.

21. The machine-readable medium of claim 20, wherein
determining the respiration rate is based on a peak time
delay between the first respiration peak and the second
respiration peak.

22. The machine-readable medium of claim 21, wherein
determining the respiration rate includes calculating the
respiration rate as double the peak time delay between the
first respiration peak and the second respiration peak.

23. The machine-readable medium of claim 20, wherein
identifying the plurality of inhalation/exhalation peaks
includes applying a data peak criteria to the received respi-
ration signal.

24. The machine-readable medium of claim 20, wherein
identifying the first valley includes applying a data valley
criteria to the received respiration signal.

25. The machine-readable medium of claim 18, wherein
the instructions further cause the computer-controlled device
to frequency-transform the respiration signal to generate a
frequency-transformed signal.
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