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INTEGRATED WEARABLE NOISE DOSIMETER

CROSKS-REFERENCE TO RELATED APPLICATION
HEEDY The present application clams prionity to U.S. Patent Application No.
14/698,155, filed April 28, 2015, which 13 herebv incorporated by reference into the
present application.
BACKGROUND
{06002} An environmental monitoring device may provide information about a sound

pressure level of an environment around the monitoring device.
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SUMMARY

[6003] In a first aspect, a svsiem is provided. The system includes a microphone
configured to provide an audio signal and a rectifier communicatively coupled to the
microphone.  The system also includes a logarithmic amplifier communicatively
coupled to the rectifier. A combination of the logarithmic amplifier and the rectifier
is configured to provide a rectified logarithmic signal bascd on a mathematical log
function and the audio signal. The system additionally includes an analog to digital
converter {ADC) communicatively coupled to the logarthmic amplificr. The ADC 15
configured to sample the rectified logarithmic signal and provide a digital output
based on the sampled rectified logarithmic signal. The system further includes a
controller that includes a memory and a processor. The controller is configured to
carry out nstructions. The mstructions nclude, at predeternuned time intervals,
causing the ADC to sample the rectified logarnthmic signal and storing the digital
output in the memory. The instructions also include transmitting the digital output to
a computing device. The computing device is configured to correlate the digital
output with other biometric data.

{0004} In a second aspect, a system is provided. The system includes a microphone
configured to provide an audio signal, a logarithmic amplifier commuonicatively
coupled to the microphone, a rectifier communicatively coupled to the logarithmic
amplifier, an analog to digital converier (ADC) communicatively coupled to the
rectifier, and a controller. The logarithmic amplifier is configured to provide a
logarithmic signal based on a mathematical log tunction and the andio signal. The
rectificr is configured to provide a rectified signal based on the loganthmic signal.
The ADC is configured to sample the rectified signal and provide a digital output

based on the sampled rectified signal.  The controller includes a memory and a

]
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processor. The controller 1s configured to carry out instructions. The instructions

melude, at predetermined time intervals, causing the ADC to sample the rectified

signal and storing the digital output in the memory. The mstructions also include
transmitting the digital output to a computing device. The computing device 1s
configured to correlate the digital output with other biometric data.

HEEIRY In a third aspect, a system is provided. The system includes a microphone
configured to provide an audio signal, a rectifier communicatively coupled to the
microphone, an analog to digital converter {ADC) communicatively coupled to the
rectificr, and a controller. The rectifier is configured to provide a roctified signal
based on the audio signal. The ADC is configured to sample the rectified signal and
provide a digital output based on the sampled rectified signal. The controller inclades
amemory and a processor. The controiler is configured to carry out instructions. The
mstructions include, at predetermined time intervals, causing the ADC to sample the
rectified signal and storing the digital ocutput in the memorv. The mstructions also
mchide providing a loganthmic output based on a mathematical log function and the
digital cutput. The mstructions further include transmitting the digital output to a
computing device, wherein the computing device is configured to correlate the digital
output with other biometric data.

0606} In a fourth aspect, a method 1s provided. The method mcludes receiving an
aundio signal via a microphone of a wearable device and rectifving the audio signal
with a rectifier to provide a rectified signal. The rectifier includes a peak detector.
The method further mcludes amphifving the rectified signal with a logarithmic
amplifier to provide a loganthmic signal based on a mathematical log function and the
rectified signal. The method also mclodes causing an analog to digital converter

{(ADC) to sample the logarithmue signal. The method vet further mcludes causing the
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ADC to convert the sampled logarithmic signal to a digital output. The method
additionally includes stoning the digital output in a memory of the wearable device.
The method also includes transmitting the digital cutput to a computing device. The
computing device is configured to correlate the digital output with other biometric
data.

{6007} Other aspects, embodiments, and implementations will become apparent to
those of ordinary skill in the art by reading the following detailed description, with

reference where appropriate to the accompanying drawings.
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[0008]
[0009]
[0610]

[0611]

BRIEF DESCRIPTION OF THE FIGURES
Figure 1A illustrates a sysiem, according to an example embodiment.
Figure 1B illustrates a system. according to an example embodiment.
Figure 1C illustrates a system, according to an example embodiment.

Figure 2 illustrates a schematic block diagram of an environmental monitoring

system, according to an example embodiment.

10612}
{0013}
[0014]
(0015

[0616]

Figure 3 tlustrates a wearable device, according to an example embodiment.
Figure 4A stlustrates a device, according to an example embodiment.

Figure 4B illustrates a device, according to an example embodiment.

Figure 5 illustrates a system, according to an example embodiment.

Figure 6 illustrates a method, according to an example embodiment.
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BETAILED BESCRIPTION

{6617 In the following detailed descrption, reference is made to the accompanying

L

figures, which form a pait hercof. In the figures, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, figures, and claims are not meant to be limuting.
Other embodiments may be utilized, and other changes may be made, without
departing from the scope of the subject matter presented herein. It will be readily
understood that the aspects of the present disclosure, as generally described herein,
and ulustrated n the figures, can be arranged, substituted, combined, separated, and
designed 11 a wide variety of different configurations, all of which are explicitly
contemplated herein.

Overview

{0018} The present disclosure discloses embodiments 1o which a device is configured

to record data related to an acoustic environment around the device. For example, a
sound pressure level (SPL) of the environment around the device may be recorded
and tracked over a long period of time {e.g. weeks, months, and/or vears). The SPL
data may relate to a particular environment {¢.g. a rcom or an arga in the case of a
static device) and/or a local environment around the device {e.g. near a wearer of a
wearable device). SPL data may be useful to track medical conditions such as
breathing, slecp apnea, or environmental conditions, such as ambient noise levels in a
work environment, at concerts, ¢tc. In an example embodiment, the SPL data may be
detected and processed using a wearable biotelemetry device. Alternative uses may

mclude home security or environmental monitoring systems.

{0619} In an example embodiment, a wearable device may be configured to measure

and record SPL data without the possibility of capturing intelligible acoustic content,
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e.g. without recording actual conversations or other recognizable sounds. For
example, the wearable device may include a small form factor mucrophone. The
microphone may be a device that transduces sounds, €.g. pressure waves in air, inio an
glectrical signal. The microphone may operate based on electromagnetic mduction,
piezoclectricity, or a change in capacitance, among other modes of operation. <
signal produced by the microphone may be amplified by a pre-amplifier circuit
{which may be a component of the microphone). In some embodiments, however, a
pre-amplitier 1s not present.

[0020] The signal from the pre-amplifier circuit may be passed through a rectifying
circuit that may modify the signal.  Rectifving circuits may inchwde an envelope
detector, a peak detector, and/or a8 trough detector, among other types of rectifyving
circuits. For example, a peak detector may include a rectifving circuit that includes at
least one capacitive element. Furthermore, the peak detector may be configured to
provide an cutput signal based on the peak amplitude of the unprocessed signal.

6021} The rectifving circuit may produce a relatively slowly changing voltage that
may represent the instantancous amplitude of the audio waveform. The response time
of the circuit is slow enough such that individual syllables of speech are detectable,
but not identifiable. In an example embodiment, the response time of the circuit may
be configured to distingwish a respiration rate {or snoring) from conversation or other
wdentifiable sounds.

6022} Within the scope of the present disclosure, the rectifying circuit may include
analog signal processing hardware. By performing the signal rectification using
analog hardware (versus software or digital signal processing), security and privacy
concerns may be reduced or ehiminated. For example, it may be more difficult tc

obtain wdentifiable or recognizable audio signals when the recorded signals are passed

~2
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substantially directly to signal processing hardware without intervening digital signal
handling,

{0623} Before and/or after the signal is rectified, the signal may be passed through a
logarithmic amplifier (Log Amp). The Log Amp may be configured to convert a
voltage signal to decibels. The Log Amp may additionally or alternatively include
filters with controlled response to provide different “weightings” to the detected audio
based on, for mstance, the frequency components of the signal. For example, the
output of the Log Amp may convert and/or translate the voltage signal to a signal that
may relate to decibel A-weighting (dBA).

{00624} In an example embodiment, decibel A-weighting may be applied to the
logarithmie signal, which may convert the logarithmic signal to a recognized measure
of SPL. Specifically, dBA has been adopted as an environmental noise measurement
standard and may offer a comparison between the detected audio signals and well-
known real-world noise sources {rock concert, airplane takeoff, etc}  Other
frequency-related weightings are possible, including, but not bmited 1o, B-, C-, D-,
and Z-weightings.

{0625} The output of the Log Amp may be passed to an analog to digital converter
(ADC). The output of the ADC may be saved locally and/or transmitted to cloud
storage and/or cloud computing devices. Uploading to cloud storage and/or cloud
computing devices may occur it “real time.” Alternatively or additionally, uploading
could occur periodically at predetermined time intervals, or at other times.

[6026] The microphone, rectifier, the Log Amp, and/or other components of the
system may be configured to handle audic signals at +20dBA or guicter. For
example, the system may be configured to capture breathing, gasping, or talking

noises from a wearer of the wearable bictelemetry device. Accordingly, the system
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may include components configured to reduce or minmmize signal noise, e.g. low
noise preamplifiers, noise filters, ete. Additionally or alternatively, some or all of the
components of the system may be configured to handle relatively loud audio signals
{e.g. +120dBA or louder). Accordingly, the system may be configured to handle a
large range of SPL values, such as multiple signal gamm and/or attenuation stages.

{6627} Example embodiments may include several different variations regarding the
order of how signals are processed in the system. For instance, the signal may pass
through the Log Amp before passing through the rectifier circuit, or vice versa. Other
combinations of rectification, amplification, and/or filiering may be implemented
under the scope of the present disclosure.

{66238} Other processing and/or sampling may be performed on the signal using
hardware or software. For instance, an analog to digital converter (ADC) may be
configured to sample the signal as sampled data. The signal may be sampled at
frequencies such as 50 Hz or 60Hz, but other sampling frequencies are possible. The
sarmpled data may be stored locally, for example in svstem memory. Aliernatively or
additionallv, the sampled data may be uploaded to a network {(c.g. a cloud server),
which may store or aggregate data about noise levels.

0629} In an example embodiment, a svstem may include a nucrophone, a pre-
amplifier, a peak detector, a log amplifier, and an analog to digital converter (ADC).
In ancther example embodiment, a system may additionally or alternatively mchide a
trough detector. The system may mchude hardware and/or software configured to
perform the functions of a log amplifier. Additionally or alternatively, further
functions {e.g. filtering) may be performed using further signal processing hardware

and/or software.
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6030} In an example embodiment, the sampled data may be correlated with other
biometric data or parameters. For example, a sleep apnea condition may be diagnosed
and/or treated by correlating the sampled SPL and/or dBA data with respiration and/or
movement data of the wearer of a biotelemetry device. Alternatively, for example to
measure sleep quality, the sampled SPL and/or dBA data may be correlated with other
data such as blood pressure, heart rate, blood oxvgen saturation, respiration, and/or
movement. In another example related to measunng stress level the sampled SPL
and/or dBA data mav be correlated with heart rate, blood pressure, and/or galvanic
skin responsc. In vet another example, mental health and/or general health issues
related to speech may be tracked using the sampled SPL and/or dBA data in
conjunction with other data such as movement. Many other data correlations may be
made with the sampled SPL data. The data correlations may be performed by a
computing device, which mav be a wearable biotelemetry device or another
computing device, such as a cloud computing network.

. System Examples

{0031} Figure 1A illustrates a system 100, according to an oxample embodiment.
System 100 includes a microphone 102 configured to provide an audio signal. That
is, the microphone 102 may be configured to convert an acoustic sound or a sound
pressure level nto the audio signal, which may be an electrical signal.  The
microphone 102 may be one of, or any combination of, a fiber optic microphone, a
dynamic microphone, a condenser microphone, an electret condenser microphone, a
nibbon microphone, a MEMS microphone, and/or a piezoelectnic microphone. Other
types of microphones are contemplaied bhercin.  The microphone 102 may be

urtegrated into another clectronic device, ¢.g. a smartphone or a wearable computing
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device. Alternatively or additionally, the microphone 102 may be an externally
coupled to another device, ¢.g. via a cable.

10032} The svstem 100 may include a pre-amplifier 104. The pre-amplifier 104 may
amplify an clectrical signal from the microphone 102, In an example embodiment,
the pre-amphifier 104 may apply gain to the clectrical signal from the mucrophone
102. The pre-amplifier 104 may include onc or more gain stages. In an example
embodiment, the pre-amplifier 104 mav be mcorporated into, and/or housed with, the
microphone 102, In other embodiments, the pre-amplifier 104 is not included 1o the
system 100,

{0633} The system 100 also includes a rectifier 106 communicatively coupled to the
microphone 102 or the pre-amplifier 104, The rectifier 106 may convert a varying or
alternating current into a direct current. The rectifier 106 may be a stand-alone part or
the rectificr may include clectronic components arranged 1o an electnical circuit. For
example, the rectifier 106 may include a silicon diode, a thyristor, a crystal rectifier,
or another type of rectifier. In an example embodiment, the rectifier 106 meludes a
single-phase, half-wave rectifier cuentt.  However, other rectificr circuits are
contemplated herein, ¢.g. a single-phase, full-wave rectifier circuit. In an example
embodiment, the rectifier 106 may include a filter circust. Thus, in such situations,
the rectifier 106 may provide filtering and/or other types of signal processing 1o the
audio signal.

06034} The rectifier 106 1s configured to provide a rectified signal based on the audio
signal. In an example embodiment, the rectifier 106 includes a peak-hold circuit,
which may also be termed a peak detector or an envelope detector. The peak detector
may take as its input the audic signal provided by the mucrophone 102 or pre-

amplifier 104 and may output the peak output voltage of the audio signal. In an

It
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example embodiment, the peak detector may include adjustable charactenistics, such
as attack time and/or decay time. The peak detector may be configured to “hold™ a
peak voltage for a much longer time than the peak voltage may exist in the input
audio signal. The peak detector circuit may include at least one operational amphifier,
a diode, and a capaciior. Additionally or alternativelv, the peak detector circuitf may
nclude a point contact device. Other types of circuits configured to rectify a varying
clectrical signal and/or track a peak amplitude of the varying electrical signal are
contemplated herein.

{0035] The system 100 also inciudes a logarithmic amplitier 108 comnunicatively
coupled to the rectifier 106. The logarithmic amplifier 108 is configured to provide a
logarithmic signal based on a mathematical log function and the rectified signal from
the rectifier 106, Namely, the logarithmic amplifier 108 may provide an output
voltage that is a multiple of the vatural logarithm of the input voliage. The
logarithmic amplifier 108 may include one or more amplification or gain stages, ¢.g.
four 30-dB amplification stages. The logarithmic amphifier 108 may be similar or
wdentical to a Maxim AN 36211 or a Texas Instruments TL441. In an example
cmbodiment, the logarithmic amplifier 108 includes a baseband logarithmic amplifier
or a demodulating logarithmic amplifier.

{00306} The svstem 100 may mchude the rectifier 106 and logarithmic amplifier 108 in
various arrangements. For example, the signal flow may go through the rectifier 106
and then the logarithmic amplifier 108, or vice versa. In an example embodiment, a
combination of the rectifier 106 and the loganthmic amplifier 108 may provide a
signal that is both rectified and modified (e.g. multiplied) based on a mathematical log
function. In such a scenario, the provided signal may be a rectified logarithmic

signal,

1z
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{6037} The systerm 100 also mcludes an analog to digital converter (ADC) 110
communicatively coupled to the logarithmic amphfier 108, The ADC 110 is
configured to convert the continuous time, continnous amplitude signal from the
logarithmic amplifier 108 to a discrete time, discrete amplitude digital signal
Namely, the ADC 110 1s configured to sample the rectified loganthmic signal and
provide a discrete digital output proportional to the sampled rectified logarithmic
signal. The discrete digital output may mclude a conversion error at least based on
the bit resolution of the ADC 110, The ADC 110 may have a 16-bit resolution,
however other resolutions are possible. The sampling rate of the ADC 110 may be
10-100 samples per second, however other sampling rates are possible.

{0638} The system 100 may be configured to detect and record sounds as quiet as
+20dBA (¢.g., breathing) and as loud as +120dBA (c.g., a concert}. Thus, system 100
may be contigured and/or designed with low-noise components and multiple gain
stages to provide a low noise floor and wide dynamic range.

6639} Other arrangements of some or all of the elements of system 100 are possible.
For example, Figures 1B and 1C illustrate two such other arrangements. Figure 1B
ilustrates a system 120, according to an example embodiment. System 120 may
mclude a microphone 102 and a pre-amplifier 104 arranged sumilarly to system 100 as
lustrated and described in reference to Figure 1A, System 120 may include a
logarithmic amplifier 108 commumcatively coupled to the microphone 102 and/or the
pre-amplifier 104, The logarithmic amplifier 108 may be configured to provide a
logarithmic signal based on a mathematical log function and the audio signal, as
described above.

[0040] Svsteme 120 may further inclode a trough detector 122 communicatively

coupled to the logarithmic amplifier 108, The trough detector 122 may be a rectifier

I3
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configured to track the audio signal and hold a voltage level based on 2 minimum
level, magnitude, and/or amplitude of the audio signal. The system 120 may also
include the ADC 110 communicatively coupled to the trough detector 122

{00411 In some embodiments, the system 120 may melude a trough detector 122 or a
peak detector based on a polanty of the loganithmic amplifier 108, Additionally or
alternatively, the rectifier 106 and/or the trough detector 122 may mclude a peak
excursion detector. Other signal processing devices configured to modify a sound and
provide output signal, such that the output signal is unidentifiable or untraceable to
one or more people who produced the sound, are considercd herein.

{0042} As a further altemative, Figure 1C iHustrates a system 140, according to an
example embodiment. System 140 may include a microphone 102, a pre-amplifier
134, and a rectifier 106 with a similar arrangement as that i system 160, illustrated
and described m reference to Figure 1A, System 140 may also include the ADC 110
communicatively coupled to the rectifier 106.

[B043] Svystem 140 may include a digitized output of the ADC 110 being handled,
modified, and/or processed by a computer according to software instructions 142.
The software instructions 142 may be stored as non-transitory computer readable
media.  Further, software mstroctions 142 may be stored in a memory and the
software mstructions 142 may be executed by a processor. The computer may modify
the digitized output of the ADC 110 by performing one or more functions according
to the software instructions 142, The one or more functions may mclude a
logarithmic multiplication.  In other words, the software instructions 142 and
processor may be configured to provide a logarithmic amplification of the digitized
sigral from the ADC 116, The sofiware instructions 142 may be configured to carry

out further functions on the digitized signal.

14



WO 2016/176007 PCT/US2016/026132

[B044] It 13 understood that other combinations of analog and/or digital signal

processing stages, components, or other elements are possible within the scope of this

disclosure.
{8045} Figure 2 illustrates a schematic block diagram of an environmental monitoring
system 200, according to an example embodiment. ¢ environmental monitoring

system 200 may mehude some or all of the same clements as svstems 100, 120, and/or
140, as illustrated and described in reference to Figures 1A, 1B, and 1C, respectively.
In an example embodiment, environmental momtoring system 200 includes a
microphone 202, a pre-amplifier 204, a rectifier 206, a logarithmic amplifier 208, and
an ADC 210, which may be communicatively coupled in a series arrangement. Such
an arrangement of elements may operable to provide a digitized signal that relates to
an acoustic environment around the envirommental monttoring system 200, As
described above, other arrangemcents of the nuicrophone 202, pre-amplificr 204,
rectifier 206, logarithmic amplifier 208, and/or the ADC 210 are possible.

0046} The environmental monitoring svsiem 200 may also include other sensors 212,
The other sensors 2127 may include one or more sensors configured to measure,
monttor, qualify and/or quantify various biometric data. Many types of biometric data
are contemplated within the scope of this disclosure. For example, the other sensors
212 may be configured to measure blood pressure, heart rate, galvanic skin response,
espiration, analyte concentration, movement, blood oxygen saturation, or other
biometric data.

{60471 The environmental monitoring system 200 may further include a user interface
214. The user interface 214 may include a display, a touchscreen, one or mwore
indicator lights, or another tvpe of interface configured to provide information {o a

user and/or to obtan input from a user. In an example embodiment, the user interface
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214 may include a touchscreen display that provides information indicative of the
sound pressure level of the environment around the environmental monitoring svstem
200.

{6048} The environmental monttoring system 200 may include a communication
mierface 216. The commumication nterface 216 may be operabie to provide a wired
and/or wireless connection to another computing device and/or a computing network,
¢.g. the Internet and/or a cloud computing system. I an example embodiment, the
communication interface 216 may be a wireless network interface controller, which
may tteract with a wircless network via a communication protocol such as [EEE
802.11, ZIGBEE, and/or BLUETOOTH.

{86049} The environmental monitoring system 200 may forther mclude a controller
222, The controller 222 may mmclude a memory 218 and a processor 220. The
controller 222 is configured to carry out instructions. The instructions may include, at
predetermuned time intervals, causing the ADC 210 to sample the loganthmic signal.
For example, the controller 222 mayv cause the ADC 210 to sample the logarithmic
signal at a sampling rate, ¢.g. 50 samples/second. The instructions may also include
storing the digital output from the ADC 210 in the memory 218

{06561 The instructions may further include transmitting the digital output o a
computing device. In an example embodiment, the fransmitting may include
transmitting the digital ouiput to another computing device via communication
mterface 216, In ancother embodiment, the transmitting may mclude transmitting the
digital output to the controller 222, In both scenarios, the computing device may be
configured to correlate the digital output with other biometric data. The other

biometric data may melude any data obtained by the other sensors 212, Additionally

6
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or alternatively, the other biometric data may include data calculated and/or inferred
by a computing device based on one or more further types of biometric data.

{0651} Figure 3 illustrates a wearable device 300, according tc an example
embodiment.  The wearable device 300 may be worn arcund an arm, similar o a
watch. Alternatively or additionally, the wearable device 300 may be wom around a
neck {c.g. a necklace), and/or at other locations. In an example embodiment, the
wearable device 300 may include a face 302 and a band 304. The band 304 may be
operable to fasten the wearable device 300 to an arm and/or a wrist of a user. In the
altemative, it 1s understood that band 304 may include a necklace, chain, adhesive, or
another mechanical device configured to couple the wearable device 300 to a user.

0652} The face 302 may include a display 306, The display 306 may be a
touchscreen, however, other tvpes of displayvs and/or indicators are contemplated. In
an example embodiment, the display 306 may provide an indication 308 to a user.
The indication 308 may include mformation indicative of a sound pressure level
{SPL} of the environment of the wearable device 300,

[0053] In an cxample embodiment, the wearable device 300 mayv mclude a
microphone 316, The microphone 310 may be the microphone 102 or 202, as
tlustrated and descnbed in reference to Figures 1A-1C and 2. The microphone 310
may be operable to record the SPL of an environment around the wearable device
300. SPL data may capture sounds made by the user, particularly dunng sleep, such
as gasping for breath, snoning, sneezing, wheezing, and/or other breathing sounds.
Additionally, SPL data may include sounds nearby the user, such as an ambient noise
level. Sound level data may be saved by the wearable device 300 and/or uploaded to

another computing device.
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j63534] Any or all of the clements of environmental momitorng system 200 may be
meorporated, fully or in part, mto the wearable device 300. For example, the
wearable device 300 may include other sensors configured to detect other types of
biometric data, such as heart rate and blood pressure. By combining SPL data with
the other biometric data, various inferences may be made regarding the health of a
user of the wearable device 300.

HEERY For example, in an effort to measure sleep quality, the sampled SPL data may
be correlated with other data such as blood pressure, heart rate, blood oxygen
saturation, respiration, and/or movement. That is, if SPL data mdicates gasping for
breath during sleep and the user’s blood oxygen saturation is below a predetermined
level, an inference may be made that a user’s sleep quality may be poor.

{8656} Furthermore, the SPL data in combmation with other biometric data may be
uscful to help provide health professionals with cvidence to support a particular
diagnosis. As an example, if, during sleep, a} SPL data indicates snoring and gasping
for breath, b) the user’s blood pressure is elevated above a predetermuned level, and ¢)
a movement rate was high, an mference may be made that the user may be suffering
from a sleep apnea condition. Other health related mferences and/or diagnoses may
be made based on the SPL data as well as the SPL data in combination with other
biometric data.

[6057) In a scenario where a user may be suffermg from a medical condition, the
system and methods hercin may include further functions and/or instructions
configured o provide biometnic feedback to a user i an etfort to provide treatment
and/or alleviate symptoms related to the medical condition. In an example
embodiment, biometric data obtained by the systems and methods described herem

may be used to determine a sleep apnea condition. In such a scenario, the system may
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provide a local notification {(¢.g. a subconscious or conscious alert) to “nudge” the
user back mio a normal sleep pattern. For example, the system may be configured to
provide audio feedback, ¢.g. the controller may cause an audio feedback device and a
speaker to state: “roll onto vour side,” “insert vour oral apphance,” or “please wear
vour CPAP device.” Other types of user feedback are possible, such as a vibration
alert, a chime, or another type of alert.

[3058] In another example related to measuring stress level, the sampled SPL and/or
dBA data may be correlated with heart rate, blood pressure, stress-related analvies,
and/or galvanic skin response. In such a scenario, a correlation that suggests an
clevated stress level may trigger an indication 308 to a user of the wearable device
300, For example, an indication 308 such as, “Take a deep breath”, “Go for a nuin”, or
“Practice mindfulness for 5 minutes™ may be presented to the user of the wearable
device 300 via the display 306 in an effort to reduce the user’s stress level.

[(3059] In vet another example, mental health and/or general health issues related to
speech may be tracked usmg the sampled SPL and/or dBA data in conjunction with
other data such as movement. For example, a user of the wearable device 300 may
speak a phrase once a day, once a week, or over a different period. The sampled SPL
data associated with the verbalized phrase may change over time, which may indicate
a change w verbal, mental, and/or physical ability. As such, the SPL data mav be
used to track, diagunose, and/or evaluate the changing condition of the user over a
period of time.

0060} It is understood that SPL data and/or other biometric data may be recorded and
correlated over a variety of time periods. For instance, SPL data may be monitored

and/or stored over days, weeks, months, or vears.
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6061 ] While Figure 3 illustrates a wearable device 300, various clements of
environmental monitoring system 200 may be incorporated into other tvpes of
devices.  For example, some or all of the elements of environmental monitoring
system 200 may be incorporated into a static device as part of a home appliance or
another type of substantially fixed or static device.

[0062] Figure 4A illustrates a device 400, according to an cxample embodiment.
Device 400 may be configured to have some or all of the functionality of a clock radio
or similar device. In an example embodiment, device 400 may be placed near a
bedside or another sleep environment.  Device 400 may include mucrophone 407,
which may be similar or identical to microphone 202 as illostrated and described in
reference to Figure 2.

0063} Figure 4B illustrates a device 410, according to an example embodiment.
Device 410 may be configured to have some or all the functionality of a thermostat
and/or another type of environmental monitoring device. Device 410 may include a
microphone 412, which may be similar or identical to microphone 202 as illustrated
and described in reference to Figure 2.

{0064} It is understood that environmental monitoring system 200 may take the form
of, or be incorporated into, a variety of different objects, systems, and/or devices. For
example, environmental monitoring system 200 may be incorporated into a wall-
mounted clock, a “wall-wart” plug, a smoke detector, a carbon monoxide detector, a
glass-break sensor, a smariphone, a tablet, a desktop computer, or any number of
other objects. These other possible embodiments are contemplated herein.

[0065] Figure 5 dlustrates a system 500, according to an example embodiment.
System 500 may include a plurality of devices 510, which may be similar or identical

to environmental monitoring systern 200, Hach of the plurality of devices 310 may
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mehude one or more sensors 515, The one or more sensors 515 may be operable to
provide SPL data and/or biometric data as described clsewhere herein. Each of the
plurality of devices 510 may be configured to provide the SPL and/or the cther
biometric data to a server 530 via one or more commumication networks 520, The
server 330 mav perform some or all of the correlations between the SPL data and the
biometric data.

[0066] In an cxample embodiment, the plurality of devices 510 may be located i
physical proxamity to one another, e.g. within the same building, near a concert venue,
within a same neighborhood or another shared environment. In such a scenario, SPL
data from the plurality of devices 510 may be aggregated to obtain an average sound
pressure level of the shared environment. Such aggregate SPL data may be useful 1o
monitor noise levels at a job site and/or in a residential setting.  Other uses for
aggregated SPL data arc possible.

{1} Meihod Examples

{6067} Figure 6 ilustrates a method 600, according to an example embodiment. The
method 600 includes blocks that may be carried out 1n any order. Furthermore,
various blocks may be added to or subtracted from method 600 within the intended
scope of this disclosure. The method 600 may correspond to steps that may be carned
out using anv or all of the devices and systems illustrated and described in reference
to Figures 1A-1C, 2, 3A-3B, 4A-4B, and 5.

[0068] Block 602 mchides recetving an audio signal via a microphone of a wearable
device. The audio signal may mclude sounds mn an environment around and/or near
the wearable device. The audio signal may have an associated sound pressure level,
as described herein. The wearable device may inchide the wearable device 300, as

lustrated and described in relation to Figure 3. Alternatively, the wearable device
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may include a different wearable computing device or mobile device, such as a
smartphone or a tablet. The mucrophone may include a built-in microphone of the
wearable device. Alternatively or additionally, the microphone may include an
gxternal microphone.

{8069} Block 604 mcludes rectifyving the audio signal with a rectifier to provide a
rectified signal. In an example embodiment, the rectifier ncludes a peak detector.
The peak detector could be similar or identical to the peak-hold circuit described in
reference 1o system 100,

{0078] Block 606 mcludes amplifving the rectified signal with a logarithmic amplifier
to provide a loganthmic signal based on a mathematical log function and the rectified
signal. As descrnibed elsewhere herein, the logarithmic amplifier may be configured to
provide a logarnthmic signal based on a mathematical log function and the signal from
the peak-hold circuit.

[0071] Block 608 mncludes causing an analog to digital converter (ADC) to sample the
logarithmic signal. In an example embodiment, a controller, such as controller 222
described in reference to Figure 2, may control a sampling trigger and/or the sampling
rate of the ADC. In such a scenario, the controller may be configured to cause the
ADC to sample the loganthmic signal at a samphng rate, such as 10-100
samples/second. Other sampling rates are possible.

[0072] Block 610 includes causing the ADC to convert the sampled logarithmic
signal to a digital output. Converting the sampled logarithmic signal may include
digitizing the logarithnuce signal by performing a bit conversion. In an example
embodiment, the ADC may include a bit resolution of 16-bits. In such a scenario, the
anafog logarithmic signal may be converted into a 16-bit digitized output based on an

amplitude or another characteristic of the logarithmic signal.
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607 3] Block 612 mncludes storing the digital ocutput in 3 memory of the wearable
device. In other words, the digitized output from the ADC may be stored in a
memory, such as the memory 218 of environmental montioring system 200
Alternatively, the digital outpot need not be stored locally at the wearable device, but
may rather be directly uploaded or otherwise transmitied to another computing device.

[0074] Block 614 includes transmitting the digital output to a computing device.
Transmitting the digital ouwtput may include uploading the digital ocuiput to the
computing device via a coromunications interface, such as communication interface
216 of environmental monitoring system 200, The computing device may include a
server, a computing network, and/or a cloud computing network. The computing
device may be configured to correlate the digital output with other biometric data, so
as to form mferences or provide evidence for the diagnosis of various health-relate
conditions.

[0075] As descrbed elsewhere herein, the wearable device may include at least one
other sensor, which may be configured to obtain other biometric data. The other
biometric data may include, but should not be limited to, respiration data, movement
data, blood pressure data, heart rate data, blood oxvgen saturation data, and galvanic
skin response data.

6076} ¢ particular arrangements shown m the Figures should not be viewed as
himiting. It should be understood that other embodiments may include more or less of
cach clement shown in a given Figare. Further, some of the tthistrated elements may
be combined or omitied. Yet further, an dlustrative embodiment mav include elements
that are not itlustrated in the Figures.

{6677} While various examples and embodiments have been disclosed, other examples

and embodiments will be apparent to those skilled in the art. The various disclosed
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examples and embodiments arc for purposes of ilustration and are not intended to be

hinuting, with the true scope being mdicated by the following claims.
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CLAIMS
What is claimed is:
1. A system comprising

a microphone configured to provide an audio signal;

a rectifier communicatively coupled to the microphone;

a logarithnic amplifier communicatively coupled to the rectifier, wherein a
combination of the logarithmic amplifier and the rectifier is configured to provide a
rectified loganthmic signal based on a mathematical log function and the audio signal;

an analog to digital converter (ADC) communicatively coupled to the logarithmic
amplifier, wherein the ADC 15 configured to sample the rectified logarithmic signal and
provide a digital output based on the sampled rectified logarithmic signal; and

a controller comprising a memory and a processor, wherein the controller is
configured to carry out 1nstructions, the mstructions comprising:

at predetermined time intervals, causing the ADC to sample the rectified
logarithmic signal;

storing the digital output in the memory; and

transmutting  the digital output to a computing device, whergin the
computing device 18 configured to correlate the digital cutput with other

biometric data.

2. The system of claim 1, further comprising a pre-amplifier communicatively coupled
to the microphone, wherein the pre-amplifier 1s configured o provide an amplified signal

based on the audio signal.
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3. The system of claim | wherein the rectifier comprises a peak detector circuit, wherein

the peak detector circuit comprises a rectifier circuit and a filter circuit.

4. The system of claim 1 wherein the logarithmic amplifier compriscs a bascband

logarithmic amplifier.

5. The system of claim 1 wherem the rectifier and the loganthmic amphifier comprise a

demodulating logarnthmic amplifier.

6. The system of claim 1 wherein the system comprises a wearable device, wherein the
wearable device comprises at least one other sensor, and wherein the at least one other sensor

1s configured to obtam the other biometric data.

7. The system of claim 1 wherein the other biometric data comprises at least one of!
respiration data, movement data, blood pressure data, heart rate data, blood oxygen saturation

data, or galvanic skin response data.

8. A system comprising

a microphone configured to provide an audio signal;

a logarithmic amplifier communicatively coupled to the microphone, wherein the
logarithmic amplifier 18 configured to provide a logarithmic signal based on a
mathematical log function and the audio signal;

a rectificr communicatively coupled to the logarthmic amplifier, wherein the rectificr

is configured to provide a rectified signal based oo the loganthmic signal;
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an analog to digital converter (ADC) communicatively coupled to the rectifier,
wherein the ADC is configured to sample the rectitied signal and provide a digital output
based on the sampled rectified signal; and
a controller comprising a memory and a processor, wherein the controller 1s
contigured {o carry out instructions, the instructions compnsing:
at predetermined time intervals, causing the ADC to sample the rectified
signal;
storing the digital output in the memory; and
transnutting the digital output to a computing device, wherein the

computing device s configured to correlate the digital output with cther

biometric data.

9. The system of claim 8, finther comprising a pre-amplifier communicatively coupled
to the microphone, wherein the pre-amplifier is configured to provide an amplified signal

based on the audio signal.

10 The systern of claim 8 wherein the rectifier comprises a trough detector circuit.

11. The system of claim 8 wherem the sysiem comprises a wearable device, wherein the
carable device comprises at least one other sensor, and wherein the at least one other sensor

13 configured to obtain the other biometric data.

12. The system of claim 8 wherein the other biometric data comprnses at least one of
respiration data, movement data, blood pressure data, heart rate data, blood oxygen saturation

data, or galvanic skin response data.
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13. A system comprnising
a microphone configured to provide an audio signal;
a rectifier communicatively coupled to the microphone, wherein the rectifier is
contigured to provide a rectified signal based on the audio signal;
an analog to digital converter (ADC) commumnicatively coupled to the rectificr,
wheretn the ADC is configured to sample the rectified signal and provide a digital output
based on the sampled rectified signal; and
a controller comprising a memory and a processor, wherein the controller is
configured o carry out mstructions, the mstructions comprising:
at predetermined time intervals, causing the ADC to sample the rectified
signal;
storing the digital output in the memory;
providing a logarithmic ouiput based on a mathematical log function and
the digital output; and
transmitting the digital output to a computing device, wherein the
computing device i3 configured to correlate the digital ocutput with other

biometric data.

14. The system of claim 13, further comprising a pre-amplifier communicatively coupled
to the microphone, wherein the pre-amplifier is configured to provide an amplified signal

based on the audio signal.

15 The system of claim 13 wherein the rectifier comprises a peak detector circuit,

wherein the peak detector circuit comprises a rectifier circuit and a filter circust.
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16. The system of claim 13 wherein the system comprises a wearable device, wherein the
wearable device comprises at least one other sensor, and wherein the at least one other sensor

1s configured to obtain the other biometric data.

17. The system of claim 13 wherein the other biometric data comprises at least onc of
respiration data, movement data, blood pressure data, heart rate data, blood oxygen saturation

data, or galvanic skin response data.

18. A method comprising:

receiving an audio signal via a microphone of a wearable device;

rectifying the andio signal with a rectifier fo provide a rectified signal, wherein the
rectiticr comprises a peak detector;

amplifying the rectified signal with a logarnthmic amplifier to provide a logarithmic
signal based on a mathematical log function and the rectified signal;

causing an analog to digital converter {ADC) to sample the logarithmic signal;

causing the ADC to convert the sampled loganthmic signal to a digital cutput;

storing the digital output 1n @ memory of the wearable device; and

transmitting the digital output to a computing device, wherem the computing device is

configured to correlate the digital cutput with other biometric data.

14, The method of claim 18 wherein the wearable device comprises at least one other

sensor, and whercin the at lcast one other sensor is configured to obtain the other biometric

data.
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28, The method of claim 18 wherein the other biometric data comprises at least one oft
respiration data, movement data, blood pressure data, heart rate data, blood oxygen saturation

data, or galvanic skin response data.
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