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monitoring devices. In some embodiments, the plurality of noise moni-
toring devices may include hearing protection devices configured to de-
tect noise, and typically may communicate such noise data (which may
also include location) so that the noise data can be pooled. The pooled
noise data from the plurality of noise monitoring devices may then be
used to the benetit of one or more of such noise monitoring devices.
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DISTRIBUTED RETWORK OF COMMUNICATIVELY COUPLED NGIRE

MONITORING AND MAPPING DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS
{081 The present application claims priority to ULS. Provisional Patent Application Serial
No. 62/457 298 filed Febroary 10, 2017 by Neal Mugglsion, et all and entitled “Distritnsted
Network of Communicate Coupled Noise Monitoring and  Mapping  Devicss™ which s
incorporated herein by reference as if reproduced in ifs entirety.

STATEMENT REGARIMNG FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

REHERY Not applicable.
REFERENCE TO AMICROFICHE APPENDIX
10003} Not applicable.
BACKGROUND

10804] In hazardous industrial work environments, machinery and alarm speakers may
periodically andfor continuously generate noise that can be harmfd o worker’s esrs and
potentially cause noise-induced hearing loss andfor hearing damage over short andfor prolonged
exposure pertods. The issue of potential hearing damage often arises in manufacturing and other
indusirial facilities, but may also arise In military seltings, airport settings, and other work
environments that involve potentially damaging noise exposure. The sounds generated by
machines, speakers, or people may occur at different locations within a worksite and the level of
noise may increase as the sound sources mudtiply andfor with the ocourvence of an emergency
event, such as an alavm tone having a higher frequency and level {e.g. decibel} in an emergency

event compared to the sound frequency and level In typical, non-emergency industrial work
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environments. Thus, to safeguard the hearing of people (such as workers, emplovess, customers,
ete.} against harmful andfor prolonged noise exposure, the use of hearing protection may be
implemented. The level of hearing protection can be measured in terms of decibel levels of
exposure (dB) {e.g. differences in level of exposure} and corvesponding nolse reduction capability
referred {o as noise reduction ating (NRR}.
SUMMARY

LIRS Embodiments of the present disclosure relate 1o systems and methods o monitor
and map noise data from a plurality of nolse monitoring devices (NMI¥ (e.g., specifically
configured noise dosimeters, sound level meters, hearing protection devices (hpd}, non-altenuating
headsets, attenuating headsets, other sensor equipment {e.g. gas detectors) with noise monitoring
capahilities {e.g. microphones}), Personal Protection Equipment (PPE} with noise monitoring
capabilitics {e.g. PPE having integrated wearable sensors), and/or in some embodiments fixed
noise monitoring devices — in other words, the NMD may comprise mobile {e.g. configured o be
attached to, carried by, and/or worn by individual users/workers (e.g. personalized)) and/or fixed
devices), which typically may be specifically configured and operable to communicatively couple
{e.g., wired and/or wirelesshy} to 8 central computer systems {which is configured o be a pon-
generie particular machine) vis a network.  In some embodiments, the compuier system is
configured to receive the noise data (which way include measured sound values, location
information, identifiers, and other information received from noise monitoring devices {such as
classification of sound or other sensor data, for example}) from the plurality of noise monitoring
devices, pool the noise detection dats {such as by concatenating identifiers of each noise
monitoring deviee), and create a noise map that is operable for sutput to a display {e.g., s display

of a user equipment located al a facility in which the noise monitoring devices are located, which

Fak
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could in come embodiments include display of cutput trom the noise map/computer on NMD (e.g.
hpd) or other devices within the facility — for example, passive display means such as lighting
{which may provide a direct method of communication o the workers in the immediate
surroundings and others who may or may not be wearing NMDvhpd), in some instances including
fipd which could include lights indicative of noise level and/or lit floor tiles representative of noise
level). In some embodiments, the noise map may be instantaneous {e.g. reflecting one {single}
moment in time, for example all information/data at g particular instance andfor related to a
specific sampling instanceftime), dynamic {.g. changing periodically to reflect current information
or updated accumulated information/data {e.g. reflecting an average notse level over a pre-set time
periad, for example an average per minute, per five minutes, per 10 minutes, per {ifteen minutes,
per hour, per shift, or per day), for example based on sampling frequency mate}, andfor cumulative
over some sel period of time.  Typically, each instantancous neoise map {e.g. noise data for a
particular time and/or sampling instance/time) would be stored in memory for some time period
{e.g. for at least the longest of any time period(s) which might be used for any cumulative noise
map purposes), such that any and all such noise maps {e.g. noise data) might be available to the
system {for example, depending on the specific type of data needed for a particular usage/analysis}.
Nopise monitoring devices may aiso be referred 1o as noise mapping devices (NMEY. For example,
a computer system may create a noise map in which noises {(i.c. sound levels) between known
noise data points {received from the plurality of noise monitoring devices of the system) are
interpolated and correlated with known location identifiers on a generated digital noise map (a data
structure configured to correspond with a predefined layout of a physical location, such as but not
Himited to a factory layout, construction site, commercial building, etc). Once created, the

computer system may push, via a network, the noise map to displays that are accessible 10 a user

i
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associated with al least one of the plurality of noise monitoring devices (such as a user wearing a
hearing protection device that reported noise detection data to the central computer system) andior
to & supervisor or monitor personnel (for example at a central or remote location) and/or o any
other networked device (such as a smart phone or smart watch),

{0006] For example, embodiments of a syster of the present disclosure could comprize: (1) &
plurality of noise monitoring devices {such as a NMID that is specifically configured as a hearing
protection device that optionally has a hearing protection slement {e.g. earmuft, earplug, or other
element for sealing the ear canal or otherwise protecting the user from external noise)), wherein at
least one noise monitoring device may include: al least one microphone electrically coupled to a
processor that is configured to receive incoming noise signals via at least one microphone and then
iransforn the noise signals into noise data that is collected for noise monitoring, a locator device
{such as a global positioning receiver module, one or more shortrange and/or long-range
transceivers {e.p., operable for wireless communication at distances between Imm-100m, and
Tmm-100key respectively) coupled to the processor to determine location via trilsteration, radio
frequency identification transceivers, wi-fi fransceiver, eic.) operable/configured o determine the
noise wonitoring device’s location (such as the location of the NMD within a facility}, and 2
transceiver {e.g., a radio transceiver configured for wireless communication andfor a wired
transestver for communicaling noise data). In some embodiments, the system may further
comprise {2} a remotely located computer systemn  that is communicatively coupled, via the
network, o the plurslity of noise monitoring devices, the computer system comprising a
transeetver coupled to a processor and a2 non-iransifory memory, the non-fransitory memory
comprising an application that, upon execution, configures the computer system o conununicate

&

with the plurality of noise monitoring devices and/or receive noise data from at least the NMID that
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provides hearing protection; pool the noise data communicated from the NMD {that provides
hearing protection} and the plurslity of noise monitoring devices; and based on the pooled noise
data, generate a noise map. To generaie an effective noise map, the system may sample noise at a
rate suitable for the specific end use to which the noise map pooled data may be put
So for example, in some embodiments the noise monitoring device might detect noise al a rate
from one minute, to 15 minutes, o hourly, to daily, depending on the specific usage envisioned for
the data. More frequent sampling (for example once per second or even more frequently} may
vield a higher data resolution, which might be advantageous in some embodiments {for example in
uses related 9 moving noise sources), A plurality of NMD's could be communicatively connected
with the computer system, and the computer system would use the detected noise data from one or
more NMEY's t0 generate a noise map. The computer system may be remotely located relative the
plurality of noise monitoring devices {such as one or more NMD's that provide hearing
profection}, and the computer system can be configured to interpolate for areas of the noise map
between the actual measured noise moniloring data points received by the computer from the
NMDs (wherein the interpolation may in some instances be based on a madel of the site, such that
sound propagation can be caleulated/estimated), The remotely located computer system may be
operable to provide a display {e.g. a monitor screen) that is configured to present the noise map in a
visual format {e.g. typically heat maps, which might show a layout of a facility and indicating
iniensity levels of sound at certain locations in the facility based on varying colors and brightness
levels, where for example the higher intensity of noise is represented by a more concenirated color
and/or brighiness on the map relative low intensity noise locations on the map with darker colors

andfor lower brightness). In some instances, the computer system might transmit the generated

s
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noise map to g plurality of displays {e.g. separate and apart from the computer systern} which are
focated a predefined distance from the plurality of noise moniioring devices.

H0G7] Such g noise map might then be used by the computer system and/or noise monitoring
devices in & variety of ways, for example with interaction with one or more of the noise monitoring
devices and/or sources of the noise. For example, data from the noise map could be used by the
computer sysiem, noise monitoring devices, andfor sources producing the noise in one or more of
the following ways: {a) determine from noise data and/or the noise map (from the
communicatively connected noise monitoring devices) if there is a moving noise source that might
pose a physical hazard to users with limited hearing {e.g. due to possible hearing damage andfor
the use of hearing protection} and warn users of a potential collision hazard; {b) detect an alamm
and transmit/share alarm information with other hpd in the zone of alarm and/or related zone(s)
{e.g. in proximity or abutting the alarm zone); {c} correlate user location {i.e,, location of the NMD)
with noise level and compare to database {o.g. containing specific hearing information/threshold
for each device) to determine if a warning should be sent to a specific NMD {for example, if the
specific device corresponds with a user profile indicating a sensitivity to noise and that user should
not be exposed to such foud noise); {d) detect if g hpd is (in an adjacent zone and) moving towards
a zone having noise in excess of the user's threshold; {g) for a new worker coming in that 1s
wearing an NME, determine the zone {of the noise map/facility} that the user will be entering and
suggestrecommend {(e.g., via an audible warning transmitied to that user’s NMD} or provide (e.g.
automatically dispense hearing protection viz a proximate hearing protection  dispenser)
appropriate hpd based on their location within the noise map; () compare information on the
focation and type of NMD {o the noise map, determine if the hearing protection provided by the

MM is insufficientinadequate (2.2, hearing protection elerment of the NMD does not have active
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noise cancellation andfor not & high enough NRR), and transmit a waming o the NME if the
hearing protection i3 found inadeguate; (g} generate an sstimate of tme defremaining) to spend in
the zone (based on location, type of NMIY that provides hearing protection, noise map,
individualized user hearing information/threshold, and/or previous exposure (history) to noise) and
transmit to the NMD; (h) use noise data {e.g. from the nolse map) regarding a moving noise soures
o alier the set-upfconfiguration of NMI along the trajectory of the moving noise source. In some
embodiments, the nolse map could be used in combination with a worker location tracking system,
such that the person/worker not wearing any noise monitoring NMDV/hpd could still have their
noise exposure data determined and stored by the computer by combining the worker's location
throughout the work day compared with the noise levels available through the mapped data (eg.
from the NMD) at the time that such person/worker Is located in a given ares {with known noise
level due to the noise map) (e.g. correlating such a worker's location with the measured noise data
from other NMD),  Other uses for the noise map data (such as population wide analysis of
areas/zones within a facility that may need to be engineersd to reduce nolse emissions or using
noise detection information for fault detection, for example to detect part or equipment failure
based on noise level outside the expectation {e.g. range) for a zone/area (for example based on pre-
knowledge of what an arca/zone should sound hike andfor based on speciiic frequency detection
indicative of such a fatlure} andfor help locate such failures by corvelating data from several noise
monitoring devices, which can then be used o notfy maintenance and/or NMD rescting to the
environment by adjusting hear through and/or noise cancelling function’s within the HPD and/or
environmental {external) nolse mapping) may also be contemplated, and are within the scope of
this disclosure. Further details about embodiments of the present diselosure for use of the noise

map are set forth below,
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BRIEF DESCRIPTION OF THE DRAWINGS
HEEILH For a more complete understanding of the present disclosure, veference s now made to
the following brief description, taken in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts,
LB FIG. | is a diagram of a noise mapping and monitoring system according $o an
embodiment of the disclosure.
9016} FIG. 2 s a block diagram of a notse mapping and monitoring systern in accordance
with an illustrated embodiment shown i FIG, 1
{0011} FIG. 3A is a block diagram of a noise mapping device having integrated noise
monitoring and mapping according to an exampie embodiment.
{6012} FIG. 3B is an illustration of a housing and hearing protection elemenis for the noise
monitoring device of FIG, 3A according to an example embodiment.
{8613} FIG. 3C is an illustration of a housing and hearing protection elements for the noise
mapping and monitoring device of FIG. 3A according to another exampie embodiment.
{Bi14} FIG. 3D 15 an illustration of a housing for the noise monitoring device of FIG. 3A
according to an example embodiment.
{0815} FIG. 4 is & block diagram of circuits utilized to perform noise monitoring and mapping
according to an example embodiment,
{H018) FIG. 3 is a block diagram that ilustrates an exemplary computer sysiem sultable for
implementing the several embodiments of the disclosure.
{017} FIG. 6 is g schematic diagram showing an exemplary NMDVhpd with exemplary visual

indicator (with both front and side views), showing two exemplary stages of illomination,
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DETAILED DESCRIPTION
tHE R it should be understood at the outset that although ilustrative implementations of one
or more embodiments are illustrated below, the disclosed systems and methods may be
implemented using any number of technigues, whether currently knows or not yet in existence,
The disclosure should tn no way be limited to the iHustrative implementations, drawings, and
technigques Hlustrated below, but may be modified within the scope of the appended claims along
with their full scope of eguivalents.
8819 The following briet definition of terms shall apply throughout the applicatiom:
Ba2a The use of the term “comprising” and the term “including”, {as well as other forms
such as “comprises”, “includes”, and “included”) is not to be interpreted as Hmiting;
{21} The phrases “in one embodiment,” “according to one embodiment,” and the like
generally mean that the particular feature, structure, or characteristic following the phrase may be
included in at least one embodiment of the present invention, and may be included in more than
onie embodiment of the present invention (Importantly, such phrases do not necessarily refer to the
same embodiment);
{023 Use of the term “exemplary” or an “example” is understood to refer to a non-exclusive
example, and the use of such term means “serving as an example, instance, or Hustration,” and
should not necessarily be construed as preferred or advantageous over other embodiments;
{0623 The terms “sbout” or approximately” or the like, when used with a number, is
understood to mean that specific number, or alternatively, a range in proximity to the specific
nimber, 85 understood by persons of skill in the art field; and
{8624} I the specification states a component or feature “may,” “can,” “could,” “should”

EEIY2

“would,” “preferably,” “possibly,” “typically,” “optionally,” “for example,” “often,” or “might” {or
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other such language) be included or have a characteristic, that panticular component or feature s
not required to be inchided or to have the charscteristic, Such component or feature may he
optionally included in some embodiments, or it may be excluded.

{6025] fn the following description, reference is made to the accompanying drawings that form
a part hereof, and in which is shown by way of illustration specific embodiments which may bhe
practiced. These embodiments are deseribed in sufficient detail to enable those skilled in the art o
practice the present disclosure, and it is fo be understood that other embodiments may he utilized
and that structural, logical and electrical changes may be made without departing from the scope of
the present disclosure, The following description of example embodiments is, therefore, not to be
talven in a limited sense,

{8028} Turning now 1o FIG. 1, a noise monitoring and mapping system 100 is disclosed for
implementation of embodiments of the present disclosure. System 100 comprises a plurality of
noise monttoring devices (NMD) 102 (which may also be referred to as noise mapping devices
NME, at least one hearing protection dispenser 140 (hereinafier dispenser), and at least one noise
source 134, The noise source 154 may be embodied by one or more sound/audio sources that
produce sounds i work environments, such as machinery, vehicles, speakers, people, or
equipment in manufactuning and industeial facilities, military settings, airport settings, and other
work envivonments that involve potentially damasging nolse exposure. A noise source, such as
noise source 154, genervates continuous and/or intermitient noise above a defined threshold for
defined a time period (such as above 50dB for at least | second). NMDY's 102 and dispenser 140
are capable of wireless communication with each other and with one or more computer system{s)
160 via one or more network node(s) 150 {e.g., a wireless access point {WAP) and/or cell sitel,

Each of the NMIYs 102, dispenser 140, and network nodes 130 communicatively couple with the

134
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computer systern 160 via a network 152, The computer systemn 160 may access datasiore 136 vig
direct and/or indirect communicatively coupling, such at least some of the memeory of datastore
156 being co-located with computer system 160 andfor being accessed via network 132, B ds
understood that, in some embodiments, the total number of NMEYe 102, network nodes 154,
dispensers 140, noise sources 154, computer systems 160, and datastores 156 may greater than the
number of devices iHustrated in FIG. 1 or at least some {eatures discussed may be combined o
fewer devices than illustrated 1n FIG. 1.

{7y Embodiments of network 152 may comprise a public network, private network, wired
network, wireless network, internet protocol network, core nebwork, radio access netwaork, or any
combination thereef, and comply with standards of wireless communication profocol. Each
network node 150 is configured to provide a wireless communicstion link(s} to and from at least
the NMDY's 102 and dispenser 140 according to at least one wireless communication standard, such
as Long Term Evolution (LTE), Worldwide Interoperability for Microwave Access (WiMAX],
High Speed Packet Access (HSPA), Code Division Multiple Access {CDMA), Global System for
Mobile Communication (GSM), Blustooth, Wi-Fi {e.g, WAP using 802,11 standards), or any
connbination thereof, A network node 150 may, in some embodiments, be referred o according to
the technology with which it supports, such as being referred to 3 wireless access point {WAFP) for
corresponding to an 802,11 wircless technology, an enhanced Node B (eNB)} for corresponding to
an LTE technology, a base transcetver station (BTS) for corresponding to a GSM technology, or
another type of edge node used in wireless communications. In some embodiments, one or more
network node 130 may comprise computer elements {e.g., processors, ranseeivers, aniennas) that
facilitate wireless communication and the elements may be distributed in 2 location andfor ¢o-

focated in physical siructures that are separate from other elersents, but collectively comprise the

s
sy



WO 2018/148356 PCT/US2018/017335

network node 130 that is communicatively coupled {e.g., via wired and/or wireless communication
paths} with the network 152,

{6028] Hearing protection dispenser 140 comprises a radio transceiver, processor, memory,
and circuitry that dispenses hearing protection devices 142 in response to release messages sent by
compuler systern 160, The dispenser 140 may be configured to provide hearing protection
identifiers to computer systemm 164}, where gach hearing protection identifier is stored in memory
and corresponds with one of the hearing protection devices 142 that is dispensed by & dispensing
unit. For example, computer system 160 may communicate with dispenser 140 {via network node
130) to request how many hearing protection devices 142 are available for distribution. The
dispenser 140 may transmit 8 list of hearing protection identifiers o application 166 in computer
system 160, Computer system 160 may determine that one of the hearing protection devices 142 is
sutiable to mitigate hazardous noise within the predefined area 199, and thus send a release
message to dispenser 140, with the release message comprising the identifier(s) of the hearing
profection devices that should be released.  For example, dispenser 140 may store a Hst of
identifiers corresponding 1o twenty ear plugs that have an NRR rating of 32, Dispenser 140 may
receive a release message, from computer system 160, comprising instructions to dispense three
sets of earplugs {i.e., hearing protection devices 142} In some embodiments, the dispenser 140
may actuate a release mechanism that releases the hearing protection devices 142 {e.g., three sefs
of sarplugs in this example} from a storage container, In some embodiments, dispenser 140 may
dispense the hearing protection devices 142 in response 1o a user being within a defined proximity
to the dispenser 140, such as by dispenser 140 communicating with an radio frequency identity

(RFID) tag associated with the user andfor allowing 2 user to manually release the hearing
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protection device(s) 140 when the user’s noise mapping device 102 iz within five feet of the
dispenser 140,

g% Computer system: 160 may be occcasionally referred 1o as a central server, and
comprises a communication bus 161, processor 162, transceiver 163, memory 164 and display 168,
Memory 164 stores mapping application 166 that configures processor 162 upon execution, B is
understood that, in some embodiments, computer system 160 may comprise ong oF More servers
and accesses noise data and records in datastore 156, Although display 168 is Hllustrated as being
comprised within computer system 160, it is understoad that display 168 may be g remote display
that is remotely located from computer system 160, but remains operable to present a noise map
176 created by execution of application 164, as further discussed herein.

HEIR Continuing discussion of FIG. | with further reference to FIGS. 34, 38, 3C, and 30,
noise mapping devices 102 may be portable devices that are configured to sense environment
sounds {i.e., envirenment noise), record the received sounds as a noise value corresponding o a
tevel of noise {g.2., a value in units of dB), create a noise data record that comprises at least the
noise value gnd a location marker at a time of the received sounds, determine a historical location
marker based on a log stoved in memory of the NMID 102, insert the historical location marker in
the noise data record, and wirelessly transmit the noise data record to computer system 160 via
network node 150, In some embodiments, the coircuitry and elements of NMD 102 may be
comprised within at least one of a noise dosimeter, sound level meters, hearing protection devices
{hpd), non-atienuating headsets, or any combination thereof, NMD 102 may be configured with
capabilitics for noise monitoring and mapping, sound exposure monitoring, passive sound

attenuation, active sound attenuation, leakage control, hear-through, and
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communication/entertainment, featuring passive sealing, slectro-acoustic transducers, electric
circuitry, and in some embodiments, hearing protection elements.

{00313 As illustrated according to an embodiment in FIG. 3A, noise mapping device 102
comprises a noise map circuit 0 retained within an outer structure or housing 109, In some
embodiments, the outer housing 109 may be worn by a user {(g.g., the housing 109 being In the
configuration of an ear piece or ear plug that each have hearing protection elemenis). NMD 102
includes at least one outer microphone 134 and at least one speaker 107, The sound inlet of the
outer microphone 104 may be mounted to the outer structure 109 and configured to receive
external noise and sounds frony the environment, The outer microphone 104 is electrically coupled
to civenit 11, which s powerad by power source 112 {e.g., 8 rechargeable battery, a disposable
battery, andfor an AC power supply). The NMD 102 may transmit audible sounds from speaker
137 via acoustic channel 108 In some embodiments, NMD 12 includes a second microphone
136, which may be disposed on an inner portion of the housing 109 that is facing the ear of a user.
The second microphone 106 receives sound via nolse channel 1035, The circuit 110 may be
configured 1o assess sound exposurs based on the signals from the microphones 104 and 106, and
store received sound data on memory in cireuit 110, The NMD 102 comprises a radio transceiver
{e.g., transcetver configured for wireless communication via cellular frequencies, WiFi, Bluctooth,
RFID, etc.) that sends and receives information to and from an external computer system {e.g.,
computer system 160 of FIG. 1) In some smbodiments, NMD 102 comprises a user interface 113
that is operable to display information pertaining to the measured noise, For example, interface 113
may receive commands from circuit 110 to power one of a red, vellow, or green exposure light
{e.g., LED bulb or color on LED display}. The circuit 118 may alse be configured to provide audio

alerts (via speaker 107} to users regarding sound exposure status and/or instructions to begin
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wearing hearing protection, switch to 2 type of hearing protection that has a higher NRR rating,
directions to the location of the nearest hearing protection dispenser {e.g., dispenser 1480}, Various
audio aleris may be provided as the wearer approaches different levels of sound exposure as
caloulated using the nolse map and sound data received from various NMIPs 102, such as
transitions between low and medium and between medium and high exposures in each ear (e,
sending an audio alert when predefined exposure or sound level thresholds (dB) are exceeded). In
sorme embodiments, the circuit 110 may generate an audible dislog to the user indicating noise
sxposure, directions to avold noise exposure, directions towards the nearest dispenser 148, and/or
may further provide electronic signal {ones representative of noise exposure level,

{32 In an embodiment shown in FIG. 3B, housing 109 15 configured as two ear pieces that
fit either over the user’s ear or around the user’s ear and are connected by an adjustable headband.
In the embodiment tHustrated in FIG, 3B, the housing 109 {configured as two ear pieces) are
attached to hearing protection element 120, which comprise sound stenuating material disposed
around the outer edge of each earpicce. In another embodiment ilustrated in FIG. 3C, the housing
109 is configured o be in the form of cyhindrical, buliet-shaped, fanged, or custom molded
earplugs for insertion into the user’s ear. In the embodiment tlustrated in FIG. 3C, the housing 109
may be configured to be in a shape that provides comfortable and secure placement in the concha
of a user’s gar, and the housing 109 may be made of hearing protection element 120, In some
embodiments, hearing protection element 130 comprises standard polymer materials of the sort
that are used {or hearing aids, and ear plugs, and the hearing protection element 120 may comprise
a vestiient slowly re-expanding shape relaining polymer {(fe., a foam-like material that, when

compressed, will re-expand towards the original configuration that housing 10% s in when not
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under compression) which includes polyvinyl chioride (FVC) andfor polyurethans {(PUR) or other
materials suitable for earplugs and other hearing protection devices.

{0033 in some embodiments, a NMD 102 may provide hearing protection via hearing
wrotection element(s} 120 that are configured o support active and/or passive noise cancellation
and may be configured to provide hearhrough capabilities. This may be because in some
embodiments, NMD 102 is worn by a user during their work shift. For example, regarding hear-
through capabilities, the sound captured by the outer microphone 104 may be converted to digital
signals and provided to a processor of circuit 110, The processor may filter the external sound
detected by the outer microphone 104 (by filtering the signal fo ensure that sounds are only
reproduced at a safe level) and divect the speaker 107 o generate the filtered sounds within the
user's ear {thereby allowing hearhrough capabilities}. In other embodiments, such hearthrough
could be analog.

{0034} Regarding active noise cancellation, a microphone (2.g., outer microphone 104) is
positioned on housing 109 o measure ambient noise. Microphone 104 in one embodiment is
positioned on an outside portion of the housing 109, A scparate microphons {e.g., inner
microphone 106} may be located inside housing 109 {e.g., inside the sarpiece andior esarplug
iHustrated in FIGS. 38, 30) and is disposed within the housing 109 o measure sound that the
user’s ear is exposed to after noise cancellation is performed. The measured noise from the
environment (recetved via owler microphone 104 and inner microphone 106} may be converted to
digital signals and provided to a processer of circuit 110 {although in other embodiments, active
noise reduction could be analog). The circuit 110 performs noise cancellation calculations and
provides a noise cancelling signal to a speaker 107 positioned 1o transmit cancelling noise sounds

into the ear via channel 108, Algorithms for active noise cancellation and contral are generally
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known and thus will not be described in detail herein, but may nclude active noise cancelling
feedback of acoustic signals converted by at least one of the microphones {e.g., 104 and/or 106}
through the speaker 107, In some embodiments, the fransceiver 103 may receive a noise
cancellation sefiings package (which is associated with hearing protection) that is specifically
created for a user associated with NMI 102, The amount of noise cancellation {L.e., range of noise
cancellation signals produced and transmitted via speaker 107} may be adiusted {ie, increased
andfor decreased) by circuit 110 implementing the noise cancellation settings package. In some
gmbodiments, the amount of hearing protection provided o a user may be activated, adjusted if
already activated, andfor deactivated based on saving the noise cancellation settings package to
memory of circuit 110 In some embodiments, such as iliustrated as ear pleces and ear plugs in
FIGS, 38 and 3C, the housing 109 may include the same microphones 104, 106, circull 110, and
speaker(s} 107 such that noise cancelling and hearing protection is provided to both ears of 8 user.
When configured as a passive hearing protection device, NMD 102 may not provide active noise
cancetiation via speaker 17, but still have noise attenuation material {e.g. noise profection element
120} that decreases the amount of external sound reaching the user’s ear.

{0035] in some embodiments, a plurality of NMD’s 102 ave stationary in location at a work
site, such as within the defined area 190 in system 100 of FIG. 1. Put simply, stationary NMIDVs
162 mayv be attached at certain, known locations within a work site so that their geo-coordinates
{i.e., location) are fixed relative to other portable NMEY's that are worn by a user. In embodiments
whare an NMID 102 is configured to be stationary, the housing 109 may optionally be mounted fo a
surface vig an attachment anchor 111 {e.g., clips, fasteners, harness). The attachment anchor 111

may be implemented to keep housing 189 in a fixed, anchored position {i.2., at a defined lncation

it
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that is stationary and known to the NMD 102 and computer systern 160 hased on the coordinates
of the NMD 102 sot changing over a defined time period).

{083s] Irrespective of the configuration of housing 109 and whether the NME 102 is worn by
a user or remains stationary (e, fixed position), the NMD 102 comprises circuit 118, which has
an application 116 and locator unit 118 (although for fixed NMEY, the locator unit function could
be by providing location data to the computer/fixed NMD unit during the commissioning phase
{such that the locator unit for such fixed NMD would basically be data provided tofstored within
{e.g. a datsbase/memory sccessible by) the computer or fixed NMD unit), andfor in other
embodiments the physical locator unit for fixed NMD could be optional}. In some embodiments,
the transceiver 103 may include a global positioning system {(GP3) device that sends GPS signals
to focator unit 118 stored within civeuit 110, The application 116 and locator unit 118 may be
stored in memory of circuit 110 and execute via one or more processors, The locator unit
configures circuit 110, upon execution, to receive location information, determine a position {ie.,
location) of the NMD 102 and for oulput 8 corresponding location data. The locator unit 118 may
be provided with location joformation from transceiver 103 based on received GPS signals,
wireless local area network (WLAN) and/or cellular signals received from network node(s) 154,
and/or Bluetooth signals using trilateration or fingerprinting methods to determine a geographical
position.  The circuit 110 may comprise electrie circuitry as shown in FIG. 4, which may be
configured and/or programmed o achieve several possible functions. By way of example, in an
embodiment the outer microphone M1 104 may pick up ambient {external} sound (e, sounds
received from ong or more noise sources 154 in FIG. 1) A signal from the outer microphone M1
134 may be amplified via amplifier E1 802 and then sampled and digitized in an analog-to-digital

converter E2 804, The signal may then be fed to a provessing unit E3 810 that may be one or more

i8



WO 2018/148356 PCT/US2018/017335

digital signal processor (D8P}, a microprocessor, or a combination of the iwo. In some
embodiments involving active neise cancellation, a signal from the inner microphone M2 106,
which picks up sound in the user’s sar between the hearing protection element 120 and the user’s
gardrum, may be amplified via amplifier E4 812, then sampled and digitized in the analog-to-
digital converter E5 815, and then fed to the processing unit E3 &10. The processor 810 may
generate a digital signal for noise cancellation and/or to provide instructions or a warning fone to
the user via execution of application 116 {which is stored in one of the memory elements discussed
below}. Once generated in the processing unit E3 810, the ouiput signal is converted to analog
form in the digital-to-analog converter E7 817 and fed to the analog output amplifier E6 820 that
drives the speaker 107, In some embodiments, the output sound signal produced by the speaker SG
107 is fed to the user’s eardrum {fympanum) via channel 108, In embodiments where the user is
not wearing the NMEB 102 over and/or in thelr ear, the speaker 107 may generate an output sound,
tong, and/or instruction within the defined area 190 so that a user may be alerted to the potentially
hazardous noise svent.

{8037} The processing unit E3 814, in this embodiment, s connected to memory elements such
as flash memory E13 25, RAM {random access memory) E& 827, ROM (read only memeary) E9
830, and EEPROM {electronically erasable programmable read only memory} E10 8§32, The
memories or computer readable storage devices B8, B9, EiD, and Ei3 are used for storing
computer programs {e.g., application 116 and locator unit 118) used to cause & processor 818 to
perform algorithms such as noise cancellation, sound exposure caloulations, volse mapping data
{i.e., received sound level data and location data), instructions and/or tones for alerting the user via

speaker 107, or any other audible dialog or sound commanded by the computer system 160 andfor
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other MNME's 182, The storage devices may also store one or more of, filter coefficients, test
responses, test resulls, sound exposure data, analysis data, location data, and/or other relevant data.
{B038] The circult 110 may allow for each NMD 102 to be connected to other NMIFs via
interface E12 8480 {which may be via wireless transmission through a digital radio link represented
at 842 coupled to transceiver 103, such as via a Bluetooth standard, WiFi protocol, cellular
technoiogy, etc.). A manual control signal may be generated in E11 845 and fed to the processing
unit E3 810 via connection 830, The control signal may be generated using a user interface (8.2,
interface 113} via butions, switches, touchscreen etc. and may be used to turn the unit on and off]
to change operation mode, o signal responses, or input commands. When 2 user inpuls commands
vig the interface 113, the specific input {e.g., via certain buttons and/or in response to fouchscreen
input} may be individually assigned to generate these control signals, or may control one or more
different fimetions depending on different modes of operation. In an aliernative embodiment, a
predetermined voice signal from the user may serve as one or move control signaly and picked up
by one of the microphones 104, 106, The circuit 110 may be powered by power source 112 via the
power supply 855 {e.g., via a primary or rechargeable battery arranged in the ear terminal or in a
separate unit, or may be an electrical power connection).

{6639 The application 110 that executed on cireuit 110 detects and determines environmental
neise on & geographical (Le,, location} basis. In addition, the cireuit 110 may determing individual
noise patterns to which a specific user is exposed {e.g., 8 worker associated with a user identifier
stored in datastore 156, which may be mapped to noise mapping device 102 upon being checked
infout by the worker when their work shifi begins/ends. The noise data sent to the nolse map
application 166 of computer system 160 may include the time or the period of the noise recording

in the defined area 190, When analyzed in combination with the sound level value, the noise data
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provides a measurement of infensity for the environmental sound as it corresponded with the time
of day. This allows for caleulation of the average and/or overall noise exposure amount for the
user over g defined pertod while in the defined area 190, In some embodiments, the circuit 110
may compare the received noise signals {(from one of the microphones 104, 106) with a stored
noise distribution list of known environment sounds and/or noise levels {e.g., a list stored in
memory of the civeuit 110 that comprises threshold values, measured in dB) therehy allowing for
circuit 110 fo assess whether the envirenmental sounds are industrial, work, machine, or road
noise, or whether the environmental sounds correspond with normal speech that may not be
hazardous to human ears,

{0407 The cireuit 10 may reduce consumption of power from power source 112 {eg, a
battery) by only storing and fransmitting noise data having certain noise valuss, such as when the
received sound signals exceed at least one stored thresholds. For example, when the received noise
signals are in excess of B0 dB and continue for ten scconds, the circuit 110 determines that a
threshold {stored in memory} is exceeded, and the received signal is converted into noise data for
fransmission o the computer system 160, In some embodiments, the circuit 110 may determine
that power source 112 is not a battery, but instead corresponds with a power supply via connection
with & wall outlet, When not running on battery power, the circuit 110 {via execution of application
116} may generate noise data hrespective of whether the received noise signals {from the
microphones 104, 106) exceed a threshold {i.e., exceed stored sound level {(g.z. dB values)). In
some embodiments, the circuit 110 may use locator unit 118 to broadeast its location to other noise
mapping device 102 that are proximately located (1.2, within a distance that allows a transceiver of
& noise mapping device o receive the broadeast). In some embodiments, the circuit 110 broadeasts

its location {and in some embodiments also broadeasts its detected noise data) (.., sends a packst
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comprising geolocation coordinates and an identifier of the noise mapping device} when it is not
running off of a power source 112 that is depletable {i.e., when it i3 running off a wall unit instead
of a battery that can be drained of its stored powsr). For example, when not running off a battery,
the noise mapping device may locally broadeast a packet comprising geolocation coordinates, an
wdentifier of itself, and noise data spanning a defined time period. Local broadeasting may be
accomplished via Blustooth and/or short-range WiFi broadeasting, such that other noise mapping
devices may receive the broadcasted information when they are within a defined distance {e.g. ten
meters) of the device doing the broadeasting.

jaddi In some embodiments, the NMB 102 measures noise levels as a time-averaged value.
For example, a time-averaged value may be the time average sound level and may be collogquially
referred to as the “equivalent continuous sound level” {which hereinafter may be referenced as Lay
which may comprise LAeg,T {e.g. A tor A-weighted level, og for eguivalent and T for time
duration - so for example, LAeg,8h for an eight hour equivalent level}), which is detected and
determined {e.g., by NMD 102 and/or computer system 168} The equivalent continuous sound
level may be included in the noise data sent from the NMD 102 to the computer system 160

60421 Continuing with discussion of FIG. 1 with reference to FIG, 2, the system 100 includes
compuier system {60 that generates a noise map 170, FIG. 2 illusirates an embodiment of a
dvnamic and real-time noise map 170 that is created via computer system 160 for display (locally
and/or remotely) on display 168, Application 166 executes on computer system 168 receives noise
data {comprising noise level values and location information) from a plurality of NMIYs 102a-
{02z o create a noise distribution map {refarred to as noise map) 170 across a predetermined
area 190, In the embodiment fHusteated in FIG, 2, some of the noise mapping devices may be

configured to be stationary {i.e., with fixed geolocations within predefined arca 190} and at least
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one noise mapping device is portable {i.e., wearable by a user and/or attached to equipment that
moves about the predefined area 190 and changes geolocation). For example, as illustrated in FIG.
2, the predefined area of system 100 may comprise N?VED;S 102a-1021 that are stationary such that
they each correspond to a location that does not change over a defined time period. The defined
area 190 may also comprise NMD 1822, wherg NMD 102z i3 not stationary and is configured to be
portable with changing location information {e.g., when worn by personnel moving about the area
1903, For example, in some embodiments, the NMD 102z may be configured with a housing 109
and hearing protection element 120 as a hearing protection headset capable of active noise
cancellation. In another embodiment, the NMD 102z may be portable, but not have hearing
protection slements that allow for passive and/or active noise cancellation.

{0043] As the worker wearing the NMD 102z moves from origin location 180a towards a
target location 180b within the area 190, the NMD 1022 may receive noise signals and determine
location information while moving between the locations. The eircuit 110 of NMD 1022 may
creale noise data that comprises at least 3 combination of the spunds weasurements and the
focation information (multiple geolocation coordinates) and Include the noise data in 8 packet,
which the NMD 102z wirclessly transmits application 166 via one or more network nodes 150,
Although stationary, each of the NMIYs 12a-102f may perform the same funetions as the moving
NMEB 1022, and thus, each 1{2a-1021 may independently measurs sounds, determine its location
{such as by either pulling from memory or comparing with a last known location coordinate), and
transmit the packet to application 166 of computer system 160, Each NMD 1022-1022 may append
an identifier to the packet, where the identifier corvesponds with a unigue identification of the noise
mapping device, which the computer system 160 uses to determine which received packets belong

to each NMD 102a-102z.
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[8844] In some embodiments, one or more NMIDYVs 10221022 may determine thelr current
location within area 130 via GPS signals or by irilateration using multiple network nodes 150,
However, there may be a certain allowable ervor in determining the exact loeation, due 1o the
sensitivity of GPS and/or radio transcebver interface. Thus, 1o improve location acouraey, in some
embodiments, the location information determined by one NMEY may be supplemented with
information collected from ancther NMD. For example, NMD 1022 may send a probe message
regquesting a response message from one or more NMEYs 102a- 1021 (via transeetver(s) 103 of each
NMDY. The NMD 1022 recetves, collects, and measures {or derives from responses {e.g., via MAC
addresses) the parameters of wireless signals transmitied by the transceivers of other NMD s (e,
from one or more of NMD 102a-f). The signal parameter measured by the receiving NMD {e.g.,
NMD 1322 receiving signals from one or more of the stationary NMD's 10321020 may be any
appropriate indicator of distance {e.g., received signal strength indicator (RSS8I), time of fhight,
gie.). Based upon the measured signal parameters, the NMD 132z may determine the stationary
NMD (ie, one of the NMIDYs 102a-1028 with the best measured signal parameter {e.g., the
greatest relative RSSI if RESI is used, the shortest relative time-of-flight if time-of-flight s used,
gte.), and store the unigue dentifier corresponding to the NMD that had the best measured signal
parameter {e.g., NMD 132z determining that NMD 1024 has the best measured signal paramster
and thus NMD 102z stores the unique identifier of NMD 1023 for later use when transmitting to
computer system 160},

{60451 In some embodiments, once the NMD 1022 determines s own location information
and receives the identifier from the other NMID that had the best measured sigonal parameter {e.g.,
NMD 102a), the circuit 110 of NMD 1022 creates andior includes at least four pﬁrti{m; of

information in noise data that is sent 1o the mapping application 166 executing on computer system
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160, The four portions of the noise data may include 1) the values of measured sound level
determined from the received signals (via microphone(s), 2) the location information determined
by cirenit 110, 3} the NMD’s own identifter {e.g., NMD 122 from the above example}, and 4} the
identifier and signal measurements from the other NMD that had the best measured signal
parameter {e.g., NMD 102a from the above example}. The cirenit 118 may then fransmit the noise
dats {comprising the four portions) to mapping application 1866 of computer system 160 vig
network node 158,

{46} Upon receipt of the packet, the application 166 executing on computer systemy 160
saves the notse data {e.g., in memory 164 andfor datastore 156} and aftempts to determine a
location of the NMD 142 that sent the information {e.g., in this example, NMD [032), If ounly
location information from the NMID 122 i included in the noise data, then application 166 may
extract the geolocation coordinates from the noise data and plot them according 1o x and ¥
coordinates against a digital blueprint corresponding to the predefined area 190 {ie, puiling a
digital blue print from datastore 136 and overlaying the geolocation coordinates on the digital
blueprint). In some embodiments, the digital blue print may be an elsctronic map file that
corresponds with the predefined area 190 known to computer system 160, In embodiments where
the NMD 102 sends noise data that comprises information from other devices {e.g., NMD (22
sending noise data with identification and signal parameters perfaining to NMIDY 1024}, the
application 166 may verify the accuracy of the location of NMIDY 102 {e.g., NMD 1022 in the above
example), In order to determine how accurate the location information is that was determined by
NMI 1022, the mapping application 166 exiracis the signal parameter measurements and identifier
from the noise data, and estimates a loecation of the NMD 1027 based upon the signal

measursiments,
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{047} If the signal measurement is based upon RSSL then the assumption upon which the
estimate iz based is that the signal attenuales in 2 manner that is proportionate to distance, By
knowing the amplitude of the transmitted signal and amplhitude measured by the NMD 1032z, the
application 166 can caloulate a distance from the NMID 102z to each of the other noise mapping
devices {e.g., 102a~1028 which are stationary and have geolocations known to the application 166}
By knowing the distance from the NMD 103z o cach of the other NMD's 102a-102¢ the
application 166 wiangulates the position of the NMD 1022 by determining the intersection of the
distances from cach of the other NMEYs 1028- 102110 the KMD 102z, Hthe signal measurement is
hased upon time of flight, then a similar process is used. In this case, the application 166
determines distance based upon the time of flight of the signal from the NMD 1022 to cach of the
other NMEDYs 102a-1021 and triangulates in the same manner.

{0048) Irrespective of vertfying and determining the location of KMD 102z using time of
tlight and/or RS8L, the application 168 may also compare the estimated location of the NMD 102z
with the known location of other NMIPs 102a-1021 to obtain a location error measurement or
value. By this, the application 166 may perform the initial determination of location for NMD 102z
when first creating the noise map 1790, and thereafler may refresh the map dynamically, with new
location information, and append the information with the location ervor measurement or value,
This may improve the processing efficiency of the computer system 160, while also improving the
battery life of the NMD 102z due to the NMD 102z not having to constantly probe other NMDY's
{e.g., 102a — 1021) each tme noise data is sent, but rather may be performed once or periodically.
{8049] The Incation error measurement or value may be monitored over & period of time o
detect 2 gradual or rapid degradation of location accuracy, Onee the degradation exceeds a defined

threshold value stoved in datastore 156, the application 166 may push an alert message to display
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168 andfor record the event in 8 log stored in datastore 156, This noise measurement and location
mapping information and reporting processes may be performed by each NMD 102 {e.g., each
NMDy iGZa—EGiz), In doing so, the application 166 obiaing a location error measurement value for
gach of the NMD’s 102a-1022. The location ervor measurements may be used as a correction factor
to correct the estimated locations of the NMD¥Ys 102a-1022. The application 166 may adjust iis
location estimate for a specitic NMD 102 {e.g., one of NMD¥'s 102a-1022) by taking into
consuderation the location errors for several neighboring NMDYs,

RIS The application 166 provides display 168 with a generated noise map 170, such that a
predefined area 190 is depicted on the notse map 170, such as iHustrated in F1G, 2, Included on the
neise map 170 may be a designated location of gach of the stationary NMEY's 102a-1021 and the
moving NMD 102z, where NMD 102z is centered at location 174 in the noise map 170,

HEERSE Shown on the display 168 around the location 174 of the moving NMD 1022 may be a
bounding box 172 that indicates the estimated location ervor of the NMD 102z, For example, ifthe
location error of the other stationary NMD's 102a-1021 {closest o the estimated location of the
moving NMD 1022) indicates an error of two feet; then the bounding box 172 may be shown
arcund the NMD 102z with sides having at least & longth of two feet. Since the error is a vector
including x and y components, it is also possible to have a bounding rectangle 172 in which the
length of sides are at least the corresponding x and v amounts. However, the bounding box 172
may not be exactly the size of the error measuroments as there may be other sources of error that
should be considered and that may suggest that the box 172 be larger. Further, rather than a
rectangle, the error may be indicated as an area surrounding the estimated location where the shape

and size of the area may be proportional to the error vector,
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{6052 With the noise map 170 created, application 166 mayv determine a trajectory 130 along
which MNMD 1027 is traveling based on the location of the NMD 182z, locations of the other
MNMIYs 102a-102f, and origin location 180a that is pulled from historical noise data and location
information previcusly sent to the application 166, From this, the application 166 identifies a
target location 180b corresponding to the direction NMD 1027 is moving towards, and then creates
a trajectory line {or path) 180 for display on noise map 170, The application 166 also extracts the
noise values from the noise data received by each NMD 102 {e.g., NME¥s 102a-1022). Based on
the sound level values sent from each NMD 102 within the defined area 190, the determined
locations of the NMD's 132a-102z, the application 186 determines concentrations of noise levels
and determines a location of the noise source 154, For example, the application 166 may use the
noise data received from NMEYs 1{2a-102z o determine that the sound level values from NMD
102f are the highest, with sound level values from NMD's 102e, 182h, and 1022 being next highest
{as measured in sound pressure levels {e.g. dB values}). The application 166 may assign and
display zones of noise intensity on the noise map 170, and in some embodiments, may include 2
different color in each zone. For example, application 166 may define a first zone 191 {o be within
a first defined distance from noise source 154 {e.g., within 1 feet of noise source 154}, a second
zone 192 to be within 2 second defined distance of notse source 154 {e.g., within 20 fest of noise
source 154}, a third zone 193 o be within a third defined distance of noise source 154 {within 30
feet of noise source 154}, and a fourth zone 194 1o be within a fourth defined distance of noise
source {54 {within 40 feet of noise source 154). In some embodiments, the application 166 may
provide each zone with a color intensity that matches the intensity of sound produced by the noise
source, where sound levels below 50 dB are colored in green {e.g., fourth zong 194), sound levels

between S0-80 dB colored in yellow {e.g., third zone 193), sound levels between 80-100 dB
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colored in red {e.g., second zone 192) and sound levels gregter than 100 dB colored in brown {e.g.,
first zone 191}

EIRRY As the sound level values received from the NMDYs 102a-1022 change, the application
P66 determine an noise origin 1823 of noise source 154 and the current position of noise source
154, The application 166 delermines a target noise endpoint 182b and creates a noise source
srajectory 182 hased on the noise data {comprising noise values and location information) from
gach of the NMIFs 102a-1021 and the determined location of the noise source 154, In some
embodiments, the application 166 may detect that NMID 102z will be in danger of being within a
harardous noise zone {e.g. the first zone 191 and/or second zone 192) due to the trajectory 180 of
the NMID 1022 and the trajeciory 182 of notse source 154 intersecting at intersection location 184,
In some embodiments, the application 166 may determine the distance from the intersection point
184 to the NMEYs 182z current location, and after finding the average velocity of NMD 162z
based on the measured notse data from NMD 102z, the spplication 166 determines the estimated
time ieft before NMD 102z s in danger of incurring a hazardous noise event {e.g., being exposed
i sound levels above a defined (dB) value stored in datastore 136, such as 80 dB) In some
embodiments, the application 166 may push the noise map 170 to one or more displays 168, which
may be accessible for view by the user wearing NMD 10220 In some embodiments, application
166 pushes an alert o NMD 1022 with that presents an audio, visual, and/or haptic warning to the
user of NMED} 102z, For example, application 166 may warm NMD 102z that #t is heading into a
zone that is producing hazardous neise,

{8054} In some embodiments, the application 166 may use the identifier of NI 1022 to
aceess datastore 156 and identily the user curvently assigned to the NMD 1622, The application

166 may determing the level of hearing protection associated with the user curvently using NMD
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1022, such as defermining that the user should not be exposed to sound levels above 80 dB. The
computer sysiem 160 uses application 166 to obtain settings information corresponding to the
amount of hearing protection for the user. For example, if the gpplication 166 determines that
NMD 1022 provides hearing protection via hearing protection elemenis and active noise
cancellation {e.g., hearing protection elements that are configured around the gar and have circuitry
L0 that provides active noise cancellation), then the application 166 may push the settings
information to the NMD 102z, where the settings information comprises a threshold value for the
atlowable sound level of the user. The NMD 1022 may receive the settings information and update
an existing threshold value with the new threshold value from the received settings information.
This may allow circuit 10 of NMD 1022 to provide active noise cancellation so that sounds heard
by the user will be mitigated to below the threshold level {e.g., below 80dB).

HEERRY in some embodiments, the application 166 may determine that NMD 102z may not
have adequate hearing protection capabilities {e.g., not having active noise canceliation capabilities
andfor the hearing protection elements do not provide a high enough NRR value for the user). For
example, tf {in an embodiment) the NMD 1022 is g hear-through device, the application 166 may
push an alert to NMD 102z, which upon receipt, provides instructions via the speaker of NMD 10
head towards the nearest hesring profection dispenser 140, As the user is walking towards the
dispenser 140 based on the directions sent by the application 166, the application 168 may also
send & release message to dispenser 140 via network node 150, where the releass message
commands the dispenser 140 1o provide the user wearing the NMD 102z with a hearing protection
device 142 {e.g., an set of ear plugs and/or ear mufis).

[0056] {4} Reparding o Moving Noise Source that is g Potentiol Hozard
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R in some instances, the computer system might determine from noise data {(e.g. the noise
data sent from each of the communicatively coupled NMDs) if there is a moving noise source. For
example, this might be accomplished in some embodiments by identifving the characteristics of the
sound, cross-referencing the location information of the various noise monitoring devices {e.g.
which detect such sound characteristics} with the external sound level that the devices pick up from
the identified sound source, and using the difference level from various noise moniioring devices
to identify/determine the path {and/or speed} of the moving noise source. In some smbodiments,
the computer system might compare the sounds levels from the detected noise data with sounds
levels stored in a database, and based on the comparison, determineg what is the cause of the
moving noise sowrce {e.g. the identification of the vehicle or other moving wmachinery that may
likely be the cause of the moving noise). The computer systern may project a trajectory or
anticipated course of movement for the moving noise source (which may be presented on a display
in communication with the computer). The computer might then determine if any NMDs are
located along the trajectory of the moving noise source and send a warning to any such NMD
along the trajectory {so that the user can be aware of a possible physical danger that they might not
hear due to wearing of the NMB). Optionally, the computer might also consider movement {e.g.
trajectory) of the varicus other NMEk in the area so that the computer may determine if one or
more NME i likely to intercept the trajectory of the moving nolse source {such that a waming
might be sent to each NMD that is affected). In other words, in some embodiments, the computer
might account for both the trajectory of the NMD and the tralectory of the moving noise source to
determing if a warning {regarding a potential physical hazard to the user of the NMD) should be
sent to any specific NMDL The warning sent to the NMD might comprise one or more of the

following: a sound beacon/tone/beeping that varies in volume based on proximity 1o moving noiss
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source (8.2, volume increases as moving noise source approaches the NMD); adiustment of hear-
through settings {so user is more likely to hear moving noise source instead of another electronic
communication, therehy allowing the user to aveid intercoption with the noise source); activating a
vibration {2.g., via & vibration unit not shown} that varigs in intensity based on proximity fo
meving noise source; change to tactiity of a user interface on the NMD; three dimensional audio;
and/or activation of a light that varies in intensity as the NMD gets closer to the moving noise
SOUrCe.

{058 (B} Regarding Sharing of a Detected Alarm Berween Devices

{H059] In some instances, the computer might use the generated noise map io detect an alarm
based on one or more areas of the noise map corresponding to a higher sounds fevel than others
and/or a specific frequency of sound not normally associated with that zonefarea. So for example,
if the sound levels are above a certain threshold, such as muliiple noise sources sach producing
sounds above 90 dB and/or an alarm of a certain frequency sounding {e.g. via broadeast speakers,
for example of a PA system), then the computer system may instruct NMIDY's in the area to activate
noise cancelling (if possible), warn certain NMDs that other NMEYs have detected potentially
hazardous noise levels in the area (e.z. in proximity or abutting the alarm zong), direct one or
NMD's toward a hearing protection dispenser location, and/or alert the user of all noise monitoring
devices in the area/zone and/or adjacent areas/zones and/or moving towards such areas/zones. This
type of advanced alarm detection may help to provide for advanced notification to users/workers in
an affected zone who might not otherwise hear the high sound levels {or alarm broadcast via a
speaker in the room} due to the hearing protection that they are wearing (2.2., 8 NMD with hearing
protection clements). The computer system might further be configured to detect if a NMD is (in

an adjacent zone and) moving towards the alarm zone (based on trajectory of NMEY's movement
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via use of location data over time) and wansmit a8 warning {e.g. pre-alarm) to such NMD. In other
words, the computer could use the detection of an slarm in 3 zone, in conjunction with the
movement/iraiectory information about specific NME outside the zone {for example in adjacent
zones) o send either an alarm or a lesser warning to additional NMIDY s which might be outside the
affected zone but which still might benefit from knowing about the alarm in g particular zone. In
this way, additional workers might be protected and/or steered clear of potentially dangerous zones
{e.g. essentially providing an earlier warning system to those outside the affected zone).

{3060} {C} Regarding comparing location of a user’s NMD in the noise_map fo the specific

individualized hearing threshold for that user

{Bo61} fn vet other instances, the NMD might be associated with a user {e.g., via the user
checking out the NMID by swiping an RFID tag with the worker’s identifier, which is then sent to
the computer sysiem and the computer associates the worker’s wentifier with one of the identifiers
corresponding to the NMD they are checking out, or otherwise by associating the noise monitoring
device serial number and user 1D, for example within a database}, and the computer might further
be coupled o a datsbase storing individual user hearing test data and settings {e.g. thresholds
and/or exposure tolerance cotresponding to sound levels for a user, measured in d8, which may be
fower than the standard threshold), Then, the computer may correlate user’s NMD location with
noise level {via the noise data and location on the noise map) and compare to the database to
determine {in an individualized way} i a warning should be sent o a specific user’s NMD (for
example, if the specific user wearing the NMD is more sensitive and should not be exposed to such
loud notse and/or such frequency of noise, then the computer system may send a warning to that
user’s NMEB before other NMDs in the area). The computer could then fransmit & warning {o the

speeific user's NMD recommending movement (o another zone based on the noise map {e.g. in

L
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relation o the user’s individualized threshold information and location on the nose map).
Additionally {stmilar 1o the discussion above about accounting for the movement/irajeciory of
specific NMID), the computer might also detect if 3 NMID s (in an adjacent zone and} moving
towards the zone having noise in excess of the user’s threshold (based on trajectory of NMD
movement based on location data over time in comparison to the noise map) and transmit a
warning {e.g. recommendation) to such NMD {e.g. regarding the amount of time the user might
spend in that zone and/or an altemative zone better suited to the user).

{B562] (1) Regarding movement of one or move NMDs rowards o potential noise danger zone

{63} Additionally  {similar  to  the discussion above about  accounting  for  the
movementftrajectory of specitic NMD), the computer might also detect 1 a NMD is {in an adjacent
rone and) moving owards a noise danger zone (e, a predefined distancs from a noise source such
that sounds within the zone are measurable to be above a defined sound level, such as 100 dB), for
example having noise in excess of the user’s threshoeld or over g certain sound pressure {e.g. dB)
fevel {based on trajsctory of NMD movement based on location data over time in comparison o
the noise map) and transmil 8 waming (e.g recommendation) to such NMD {e.g. regarding the
amount of tme the user might spend in that 2one and/or an alternative zone betier suited to the
wsery. This might be particularly useful if the user has a lower hearing threshold, such that certain
zones should be avoided. Then, for example, the computer might access a database with the
individaal user information {as discussed above}, and use that in conjunction with the noise map
and the trajectory of the NMD for that user to issue a8 warning before a worker enters a zone which
might damage his hearing {so that the user would not even enter such a dangerous notse zone).

864} (83 Revarding suggesting or dispessing hearing profeciion fo incoming users based on

noise man information for that wser’s work zong
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{0068} in some instances, the noise map might be used to help prepare an incoming worker for
the specific conditions in the work zone {ie., predefined area displayable on the nolse map and
corresponding to where the user works) they will be entering {e.g. using sensed noise data from
within that zone from NMDs). So for example, for a new worker coming into a facility for which a
noise map is currently being generated via NMDs alrsady in the area, the computer might
determine the zone {(of the noise map} that the user will be entering {e.g., based on the user
checking out a NMD and the computer tracking the movement of the user vig the NMD's
fransmitted location information} and suggestrecommend or provide (e.g. automatically dispense)
appropriate hearing protection device to that worker (based on the noise map} before the worker
enters a dangerous zone {e.g., dispensing ear plugs for the user {o wear). In some instances, the
user’s specific hearing information/threshold might alse be considered when determining the
appropriate hpd for that speeific user in the specific work zone {e.g., updating a NMD with settings
information that updates noise cancellation thresholds for the user’s NMD as discussed above).
The computer could also determine/estimate the appropriate amount of time that an incoming user
with a specific type of hearing protection can safely spend in the work zone {e.g., wearing a NMD
that is configured with hearing profection elements and/or wearing hearing prolection separately
from the NMD worn by the user), and for example, notify the incoming worker up front or provide
a signal warning of the expiration of such estimated fime and the need for the worker to move out
of the zone.

{8866] () Regarding checling bearing protection fevel vs._sounds_in _the noize map o

defesmiine adequacy of hearing protection

{BU6T} ir some instances, the computer might compare information for the location and type of

NMD the user is wearing with noises and zones on the noise map, which in turn allows the

Tk
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computer to determine H the user has sufficient hearing protection in place, and if not {e.g., the
user’s NME not having hearing portion slements (such as being configured as an ear plug or ear
muffs) or the user’s hearing protection device not having a high soough NRR to protect against the
noise  levels o the 2zone, thus considering the user’s hearing  protection fo be
insutficient/inadeguate), and {o transmit 2 waming to the user’s NMED if the user’s type of hearing
protection is found to be inadequate. In some nstances, the user’s individual NMD may determine
if the hearing protection provided by that NMID is adequate {2.g., in the same manner discussed for
the computer), and if not, the user’s NMD may announce g warning to the user before recetving
insiructions from the central computer system to do so. The pooled noise datz of the data map
might alse be analyzed {e.g. by computer) to determine over time il hearing protection
procurement for a facility and/or g zone/ares within g facility should be altered {for example, if
more protective hearing protection is needed, based on the collected nolse exposure over time). In
some instances, each NMID may compare received noise levels with the noise level presented on
the notse map in order {o serve as g check (e, verification} for whether the user’s NMD is
detecting noise correctly and thus detect possible mabfunctions which may be repored 1o the
computer system. 1t the sound values compared by the NME using the noise map do not correlate,
the NMD may determine that s malfunction exists, and thus send a message to the computer
system indicating that data from the noise map data s Inconsistent with the noise levels detected by
the NMD. In response, the computer may send a notice message to the NME, noting that the NMD
should undergo maintenance, such as by restarting the powsr to the cireults or updating values
stored in the memory of the NMD,

{60681 (G} Reparding estimating remaining time yser may spend in zone based on noise map
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D069 In some instances, the computer might generate an estimate of time to spend in the zone
{based on location, type of NMD {e.g., whether the NMD is configured with hearing protection
clements or not), noise map, and/or individual worker hearing info.) and transmit o the NMD,
Such an estimate might also account for user’s NMID meovement or projected movement, to
provide a befter estimate of the tume remaining for the user in the work aves before the user
exceeds a threshold for safe exposure o sounds, In some instances, the individual data from the
NMEY detecting noise could be compared to the noise map (which may include other displayed
information), in order to serve as a check for whether the individual MNMD is detecting noise
correctly {e.p. to detect possible malfunction}). If a possible malfunction s detected, then the
estimate {of time remaining in the work area} might be calculated based on the time the user has
already spent in the area and the data provided by the noise map, rather than relying solely on the
individual NMIYs detection of sounds. Further, a notice might be sent to the NMD, noting that it
needs maintenance.

{08476} (H} Regarding altering configuration of NMB s that provide hearing protection based

o8 moving noise seuree irajectory ii‘?ﬁ’). ﬁ“{):‘?? nelse man

8071} in still other embodiments, the computer might use noise data {e.g. received from the
NMD's and used in the ereation and display of the noise map} regarding 8 moving noise source 1o
alter the set-up/configuration of one or more NMI¥'s {(that have hearing protection elements) and
which are moving along a trajectory that may intersect the moving noise source. For example, the
computer may alter/tune active noise cancellation {g.g., adjust the amount of noise cancellation o
provide for more noise cancellation and thus hearing protection corresponding o a defined NRR)
for any NMD that is configured with active noise cancellation and potentially will enter a

hazardous zone while the moving noise source is traveling along its trajectory. The computer may
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receive noise data from one or more NMD in proximity to the moving noise source, determing if
any other NMD} are located along the trajectory {andfor within the zone) and that would need
modification to better address that moving noise source to protect the user’s hearing, and transmit a
contrel signal to such NMD along the trajectory so that the noise canceliation settings are
modifying on the NMD in advance of such NMD being in proximity to the moving noise source
that would exceed a threshold for acceptable noise levels. As discussed above, the computer
system may also detect if 8 NMD s moving towards the trajectory of the moving nolse source
{based on NMI¥s own trajectory calculated based on location information determined by the
NMD over time} and alter the setup/configuration of such NMD by activating noise canceliation
and/or thresholds for noise cancellation. In other words, the configuration of the NMD {which has
hearing protection elements) might be altered by taking into account the relative movement of the
moving noise source relative to the NMD, to more finely tune the hearing protection functions of
the NMD {for example, adjusting frequency ranges of an active noise cancellation filter of the
NRD).

{8872} in some embodiments, the system might further comprise one or more fixed NMIDYs
{i.e.,, NMD’s that are not worn by the user but instead remain at a stationary position within a
defined area of the noise map, which might include semi-fixed monitors installed for short duration
for example). Each NMD that is stationary may comprise the same slements as NMDs which are
portable {e.g. having a microphone, circuit, transceiver configured/operable (o communicate with
the computer}. In some embodiments, a user’'s work arez have one or more stationary NMD such
that the noise map might be generated using a combination of noise data from NMEYs that are
fixed (i, have a stationary, nop-moving location in the area) and NMIXs that are poriable,

thereby allowing for changing location as the user wears the NMID and moves about the area. In
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such instances, the use of notse data from NMI¥Ps which are fixed and data from NMED’s that are
portable aliow for enhanced lpcation accuracy in the creation and refreshing of the noise map. This
may allow for a system in which a noise map is generated {e.g. for a facility} from multiple noise
monitoring devices (which might be fixed and/or mobile), and then used to dynamically adjust
NMED¥'s with hearing protection capabilities {e.g., with hearing protection elements and/or noise
canceliation) so as to improve the safety of and enhance the user’s productivity by shislding the
worker from dangerous noise levels before they are exposed to them. It should also be undersiood
that embodiments of NMDs that are implemented in systems disclosed hereln may or may not have
hearing protection features, such that one of ordinary skill in the art would consider 2 NMD with
hearing protection elements to be a type of hearing protection device. The NMDs of the present
disclosure may not be required to have hearing profection elements, and thus the user may — in
some embaodiments - have hearing protection devices that are independent of the NMIYs described
herein (such that an independent/separate NMD is configured without hearing protection and used
alone or in conjunction with 8 user wearing a separate hearing protection device that does not have
noise detection, monitoring, or mapping capabilities). Thus, any reference above o NMD could
also include an independent hearing protection device instead of or in addition to, an NMD that has
integrated hearing protection elements.

16073 As noted above, in some embodiments the noise map could be used in combination
with a worker location tracking system, such that the person/worker not wearing any noise
monttoring NMDdhpd could still have their noise exposure data determined and stored by the
computer by combining the worker’s location througheout the work day compared with the noiss
fevels available through the mapped data (e.g. from the NMD) at the time that such person/worker

is iocated in a given area/zone (with known noise level in such zone(s) due fo the noise map) {e.g.
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carrelating such a worker's location with the measured noise data from other NMD)  In other
words, the noise map could be used in combination with a worker location tracking system, such
that a person not wearing a noise monitoring HPD / NMD could still have their noise exposure data
stored by the computer {e.g. by combining their detected location throughout the working day
campared with the noise levels measured through the mapped daita corresponding to such locations
for that person}. Plue to the noise map, we know the noise level in a given area/zone (for example
of a facility); so if we know who is working in that area (due to the location tracking
system/worker location device} we can calculate their noise exposure {even if the worker moves
across multiple zones during the work day). In such embodiments, the location of the worker/user
{e.g. without 3 NMP/hpd) would siill be needed, for example via 8 worker location racking system
andfor worker locator device/unit {which might for example include a Jocator device worn by the
worker/user {e.g. GPS) andfor (fixed/separate/independent) locator  device/sensors/system
operable/configured to detect user/worker location. Such a worker location tracking system {e.g.
which might include a worker locator device) would typlcally communicate with the computer
{e.g. providing worker location data to the computer). The computer could link/correlate worker
{ocation data with the noise data of the noise map {and store this caloulated nolse exposure data in
g dalabase) to sllow for that worker’s estimated {e.g. approximate} noise exposure to be
determined. Such an estimated noise exposure could be used o monitor noise exposure without
the need for personalized NMD {e.g. wom by the workers) and/or could be used to monitor the
noise exposure for certain workers who might not be wearing NMD. For example, this approach
may be particularly useful for noise arcas/zones that are arcund the 80 — 8348 levels, which are
borderline aress that may not normally require the use of hearing protection.  In some

embodiments, the computer might transmit an alert/warning {e.g. by speaker on the worker locaior
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device or PA system, ete.} to such worker{s) without NMI}, for example warning of approaching
or exceeding thresholddimit andfor need to move away from the zone {and perbaps directing such
worker{s} to a safe zone based on the noise map).

HELPE ! As also noted above, the noise map {e.g. peoled noise data} might also be used to listen
for {e.g. detect) squipment malfunciion based on noise level changes {e.g. excessive noise, for
example above a specific level/threshold} and/or specific detected noise {e.g. specific frequencies),
typically outside the noym for the area/zone; and in some instances the location data for {e.g.
associated with) the various noise data can be used to interpolate/estimate the location of the
malfunction {e.g. the source, perhaps in comparison o prior readings over timel So for example,
the pooled nolse data from the plurality of noise monttoring devices is actively listening to the
machinery of the facility, and detecting abnormalities in the sound of the machinery/equipment
may predict machine failures, potential downtimes, and/or need for maintenance. This may allow
for rapid deployment of maintenance {(personnel}, for example possibly in the early stages of
mmatfunction before significant squipment damage ccours or significant risk of injury arises.
Stmilarly, by recording in memory the noise map {(pooled noise data) over time, it may be possible
to employ noise level/map replay for recreating andfor problem solving {for example in the event
of fatlure and/or alarm event).

{0875] {ther potential uses of the pooled noise data might include analysis of a dynamic noise
map {e.g. pooled noise data over time) to improve job planning system, for example so that the job
planning system {which might be sofiware running on the computer} is able to determine/calculate
the optimum work time for specified tasks by users based on noise data for a given period of time
{e.g. within a work shift), and/or to determine appropriate staffing for specific tasks and/or

areas/zones in the facifity based on user exposure history and/or individualized hearing threshold
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or exposure tlerance; andfor preemptively deciding when 1o add noise cancellation {e.g. at certain
frequencies} when threshold for ares/zone is approaching, andfor NMIDY reacting 1o the
environment {e.g. sensed noise as correlated by the noise map} by adjusting hear through or noise
cancelling function’s within the HPD {for example, in instances other than merely to account for
moving noise source as discussed In more detall in sections {a) and {h) above). Furthermore, NMD
gathering noise data for correlation info a noise map could also be used in some embodiments for
environmental {e.g. exiernal to facility) noise mapping. For example, the noise map could include
noise from a facility or from an amangement {ex concert) {e.g. external nolse projecied out of
facility). Under some circumstances, there can be limits to how much noise a facility or
arrangement can “let out” (e.g. noise pollution). Under such circumstances, monitoring the noise at
the border of the facility or arrangement andlor close 1o relevant “receivers” {e.g. neighbors) and
storing this for documentation might be valuable (for example, to allow for re-engineering o
reduce noise pollution). So for example, (fixed) NME may be located outside {e.g. around the
perimeter) of the facility andfor in proximity o relevant receivers {e.g. neighbors), and their noise
data could allow the computer to generate a nolse map indicative of external noise projected out of
the facility {e.g. noise pollution). In some embodiments, the computer might also analyze the noise
data to tdentify specific noise sources {e.g. based on the known frequency range of cerain
equipment) to help identify particular culprits with respect to noise pollution, which might be
candidates for re-enginesring to reduce noise. These and other uses for the pooled noise data are
comtemnplated.

{8676} FIG. 5 tHustrates a computer systern 380 suitable for implementing one or more
embodiments disclosed herein, such as features of system 100 in FIGE. 1-4, including one or more

computer system 180, datastore 136, network node 154, dispenser 146, and operations disclosed in
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FIGS. 2, 34-3D, and 4. The computer system 380 includes a processor 382 {which may be referred
e as a central processor unit or CPLUY that is in communication with memory devices including
secondary storage 384, read only memory (ROM} 386, randony access memory {RAM) 388,
input/output (¥0) devices 394, and network connectivity devices 392, It is understood that use of
the term “memory” in the claims does not include transitory signals, The processor 382 may be
implemented as ong or more TPU chips.

{80771 it is understood that by programming and/or loading executable instructions onto the
computier system 38{, at least one of the CPU 382, the RAM 388, and the ROM 386 are changed,
transforming the computer systermn 380 in part into a particular machine or apparatus having the
novel functionality taught by the present disclosure, It is fundamental to the electrical engineering
and soflware enginesring arts that functionality that can be implemented by loading executable
software into 8 computer can be converted to a hardware implementation by well-known design
rules. Decisions between implementing a concept in software versus hardware typically hinge on
considerations of stability of the design and numbers of units to be produced rather than any issues
involved in translating from the software domain to the hardware domain, Generally, a design that
is still subject to frequent change may be preferred to be implemented in software, because re-
spinning 8 hardware implementation is more expensive than re-spinning a software design.
Generally, a design that is stable that will be produced in large volume may be preferred o be
implemenied in hardware, for example in an application specific integrated circuit {ASIC), beecause
for large production runs the hardware implementation may be less expensive than the software
implementation.  {ten a design may be developed and tested in a software form and later
transformed, by well-known design rules, o an equivalent hardware implementation in an

application specific integrated circuit that hardwires the instructions of the software. In the same



WO 2018/148356 PCT/US2018/017335

manner as 2 machine controlled by a new ASIC is a particular machine or apparatus, likewise a
computer that has been programmed andior loaded with executable instructions may be viewed as
a particular machine or apparatus.

{078 Additionally, after the system: 380 is turned on or booted, the CPU 382 may execute a
computer program or application. For example, the CPU 382 may execute software or firmware
stored in the ROM 386 or stored in the RAM 388, In some cases, on boot andfor when the
application s initiated, the CPU 382 may copy the application or portions of the application from
the secondary storage 384 to the RAM 388 or to memory space within the CPU 382 itself], and the
CPU 382 may then exscute instructions that the application is comprised of. In some cases, the
CPU 382 may copy the application or portions of the application from memory accessed via the
network connectivity devices 392 or via the V(O devices 380 to the RAM 388 or to memory space
within the CPU 382, and the CPU 382 may then execule instructions that the application is
comprised of. During execution, an application may load instructions inio the CPU 382, for
example load some of the instructions of the application into a cache of the CPU 382, In some
contexts, an application that is executed may be said to configure the CPLI 382 to do something,
e.g., to configure the CPU 382 to perform the function or functions promoted by the subject
application. When the CPU 382 is configured in this way by the application, the CPU 382
becomes a specific purpose computer or 8 specific purpose machine, sometimes referred to as a
special purpose machine.

{8079 The secondary storage 384 is typically comprised of one or more disk drives or tape
drives and is used for non-volatile storage of data and as an over-flow data storage deviee if RAM
388 is not large enough to hold all working data. Secondary storage 384 may be used o store

programs which are loaded into RAM 388 when such programs are selected for execution. The
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ROM 386 is used to store mstructions and perhaps data which are read during program execution.
ROM 386 is a non-volatile memory device which typically has a small memory capacity relative to
the larger memory capacity of secondary storage 384, The RAM 388 is used o store volatile data
and perhaps o store instructions. Access to both ROM 386 and RAM 388 is typically faster than to
secondary storage 384. The secondary storage 384, the RAM 388, and/or the ROM 386 may be
referred 1o in some contexis 85 computer readable storage media and/or non-transitory computer
readable media.

IG0RG] /0 devices 390 may include printers, video monitors, Hauid crystal displays (LCDs),
touch screen displays, keyboards, keypads, switches, dials, mice, track balls, voice recognizers,
card readers, paper tape readers, or other well-known input devices,

{BU8 L The network connectivity devices 392 may take the form of modems, modem banks,
Ethernet cards, universal serial bus (USB} interface cards, serial interfaces, token ring cards, fiber
distributed data interface (FDD cards, wircless local area network {WLAN} cards, radio
fransceiver cards that promote radio communications using protocols such as code division
multiple access {CDMA), global system for mobile communications (GSM}, long-term evolution
{LTE}, worldwide interoperability for microwave access {WiIMAX), near field communications
{WNF(), radio frequency identity (RFID, and/or other alr interface protocol radio transceiver cards,
and other well-known network devices. These network connectivity devices 392 may enable the
processor 382 to communicate with the Internet or one or more intranets.  With such a network
connection, it is conternplated that the processor 382 might receive information from the network,
or might output information to the network in the course of performing the above-described

method steps. Such information, which is ofien represented as 2 sequence of instructions to be
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executed using processor 382, may be received from and outputied o the network, for example, in
the form of a computer data signal embodied in 3 carrier wave.

{08 Such information, which may include data or instructions to be executed using
processor 382 for example, may be received from and cutputied o the network, for example, in the
form of a computer data bassband signal or signal embodied in a carrier wave. The baseband
signal or signal embedded in the carrier wave, or other types of signals currently used or hereafler
developed, may be generated according o several methods welb-known o one skilled in the art.
The baseband signal and/or signal embedded in the camier wave may be referred o in some
contexis as a transitory signal

3831 The processor 382 executes instructions, codes, computer programs, scripts which it
accesses from hard disk, floppy disk, optical disk {these various disk hased systems may all be
considered secondary storage 3843, flash drive, ROM 386, RAM 388, or the network connectivity
devices 392, While only one processor 382 is shown, multiple processors may be present. Thus,
while instructions may be discussed as executed by a processor, the instructions may be execuied
simultaneously, serially, or otherwise executed by one or multiple processors. Instructions, codes,
computer programs, scripis, and/or data that way be aceessed from the secondary storage 384, for
example, hard drives, floppy disks, optical disks, andfor other device, the ROM 386, and/or the
RAM 388 may be referred to in some contexis as non-ransitory instructions and/or non-transttory
information.

{B0R4} in an embodiment, the computer system 380 may comprise two or more computers in
conununication with each other that collaborate to perform a task. For example, but not by way of
limitation, an application may be partitioned in such a way as to permit concurrent andfor parallel

processing of the instructions of the application. Allernatively, the data processed by the
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apphication may be partitioned in such & way as o permit concurrent gnd/or parallel processing of
different portions of a data set by the two or more computers, In an embodiment, virtualization
software may be employed by the computer system 380 to provide the functionality of a number of
servers that is not directly bound to the number of computers in the computer system 380, For
example, virtualization software may provide twenty virtual servers on four physical computers.
in an embodiment, the functionality disclosed above may be provided by executing the application
and/or applications in a cloud computing environment. Cloud computing may comprise providing
computing services via a network connection using dynamically scalable computing resources.
Cloud computing may be supported, at least in part, by virtualization software. A cloud computing
environment may be established by an enterprise and/or may be hired on an as-needed basis from a
third party provider. Some cloud computing environments may comprise cloud computing
resources owned and operated by the cnterprise as wel as cloud computing resources hired and/or
leased from g third party provider,

{H08SY in an embadiment, some or all of the functionality disclosed above may be provided as
a computer program product. The computer program product may comprised on ong or more non-
transitory computer readable storage medium having computer usable program code embodied
therein to implement the functionality disclosed sbove, The computer program product may
comprise data structures, executable instructions, and other computer usable program code. The
compuier program preduct may be embodied in removable computer storage media, non-
removable computer storage media, or any combination therein.  The removable computer
readable storage medium may comprise, without Hmitation, & paper tape, a magnetic $ape,
magnetic disk, an optical disk, a solid state memory chip, for example analog magnetic tape,

compact disk read only memory (CD-ROM) disks, Hoppy disks, jump drives, digital cards,
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multimedia cards, and others, The computer program product may be suitable for foading, by the
computer system 380, at least portions of the contents of the computer program product fo the
secondary storage 384, to the ROM 384, to the RAM 38§, and/or to other non-volatile memory and
volatile memory of the computer system 380, The processor 382 may process the executable
instructions and/or data structures in part by directly accessing the computer program product, for
exanple by reading from a CD-ROM disk inserted into a disk drive peripheral of the computer
systern 380, Alternatively, the processor 382 may process the executable instructions andfor data
structures by remotely aceessing the computer program product, for example by downloading the
executable nstructions and/or data structures from a remote server through the network
connectivity devices 3%2, The computer program product may comprise instructions that promote
the loading and/or copying of dats, data structures, files, and/or exscutable instructions to the
secondary storage 384, to the ROM 386, to the RAM 388, and/or 1o other non-volatile memory and
volatile memory of the computer systemn 380

{0086] In some contexts, the secondary storage 384, the ROM 386, and the RAM 388 may be
referred to as a non-transitory computer readable medium or a computer readable storage media.
A dynanmic RAM embaodiment of the RAM 388, likewise, may be referred (o as a non-transitory
computer readable medium in that while the dynamic RAM receives electrical power and s
operated in accordance with its design, for example during a perind of time during which the
computer system 380 is turned on and operational, the dynamic RAM stores information that is
written 0 i1, Similarly, the processor 382 may comprise an internal RAM, an internal ROM, a
cache memory, and/or other internal non-transitory storage blocks, sections, or components that
may be referred to in some contexts as non-transitory computer readable media or computer

readable storage media.
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08T In some embodiments, the NME} {such as portable/wearable hpd} may include a visual
indicator {e.g. one or maore lights) which mayv relate to and/or be indicative of noise data {(for
example, with respect {o the specific NMi¥hpd and/or the zonefarea of the facility that the
NMD/hpd is located in}. Fig. 6 illustrates an exemplary hpd with visual indicator {e.g. muli-
segmented visual light indictor, so for example the number of such mulii-segmented lights
illuminated might vary depending on conditions {e.g. based on the data), such that the lluminated
portion might change in size and/or color andfor intensity and/or illumination pattern {e.g. such as
flashing/pulsing in one or more rhythms}), In some embodiments, the NMD/hpd could receive
data from {e.g. be in communication with} the system/computer {e.g. with noise map data)}, and the
visual indicator might display accordingly {e.g. in response fo such data).  Visual indicator
embodiments could be used for various purposes {e.g. to display various information}, including by
way of example the following:

{0088} i. Using the NMD/hpd o report accumulated exposure for the worker through
visual indieation to co-workers {e.g. so that the visual indicator 15 indicative for exposure of the
worker wearing the device {for example, showing persenal noise exposure of such worker under
the hpdh. The NMD/hpd could determine/calculate or receive such a determination/calculation
from the system/computer regarding the level of noise exposure of the worker {e.g. despite any
hearing protection/attenuation}, for example based on a microphone of the NMIVhpd and/or the
neise map data from the svstem/computer {e.g. which calculation might account for the known
attenuation of the NMDVhpd). The level of noise dose (s.g. from the calculation) could then be
visually indicated on the exterior of the headset using a lighting effect (e.g. using the visual
indicator).  In other words, if the NMDVhpd has an internal microphone {e.g. undernecath the

hearing protection clement, so as to measure actual noise incident on the worker’s ear), then the

49



WO 2018/148356 PCT/US2018/017335

visual indicator might be Hluminated based on the sctual measured data from the microphone. I
however, the WMDvhpd has an exterior microphone {configured to measure the external
environmental nolse level), then the visual indicator might iHuminate based on a calculation that
uses the measured microphone sound level and the known stienuation of the NMDVhpd (e in
order to determine the estimated notse incident on the ear of the worker). On the other hand, such
a calculation could use the noise map data (e.g. from the system/computer, representing the
external environmental notse level) with the known attenuation of the NMD/hpd in order to
determing the amount of ihamination of the visual indicator.  As shown in Fig. 8, this
Bghting/tlumination of the visual indicator can take the form of a ring of LED or light-guides (s.g.
with a plurality of separate lights operable to be separately activated) with light driving electronics
mounted within the headset. In some embodiments, the orientation of the lighting {of the visual
indicator) can be designed such that the amount of accumulated dose s instantly recognizable (e.g.
easily discernable) by a third parly some distance from the worker wearing the HDP. o other
waords, the visual indicator could have Hghis configured (e.g. angled) to Increase vistbility for those
around the wearer (e.g. so that co-workers can guickly see the wearer’s exposure and identify if the
wearer has been exposed to a potentially dangerous level of noise exposure {e.g. if there is a
warning/alert situation}). For example, the visual indicator might have its lights oriented to ensure
gffective visibility from essentially any angle around the worker wearer. Such an approach may
allow a surrounding thivd-party {e.g. co-worker) {o determine if the worker wearer is close to or has
exeeed the maximum Hmit for noise for that particular period of time, and this may allow the co-
waorkers to provide an extra check on hearing safety (for example, if the wearer does not notice or
mtentionally disregards the danget). In some embodiments, the visual indicator can have multiple

configurations {e.g. depending on the specifics of illomination of the visual indicater). For
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gxample, the configuration of the light indicator may have 2 or more {g.g. multiple} color changing
segmenis, and each segment could change color {e.g. by deactivating one color LED and activating
ancther color LED in that segment) or brightness or illuminate representing & progressing increase
in noise exposure for the worker, In some embodiments, each side of the headset or other
NMD/hpd could be configured to represent the noise exposure for the corresponding sar, while in
other embodimenis both left and right sides could display the same exposure level (8.3, average
expasure). The color and brightness of sach visual segment can be configured.

{608 2. Using the visual indicator of the NMD/hpd to report/indicate {external} noise level
of the environment in which the NMD/hpd user is working through visual indication o co-workers
{such that the visual indicator is indicative of the environmental noise level for the sectiondarea).
The NMD/hpd could determine/calculate or receive such a determination/calculation from the
system/computer regarding the level of noise of the zonefarea in which the NMD/hpd is located
{e.g. the environmental noise level}), for example based on a microphone of the NMIVhpd andfor
the noise map data from the system/computer. The level of environmental noise {e.g. from the
calculation) could then be visually indicated on the exterior of the headsst using a lighting effect
{e.g. using the visual indicator). In other words, if the NMD/hpd has an internal microphone {e.g.
underneath the hearing protection clement, 50 a5 {0 megsure noise incident on the worker’'s ear),
then the visual indicator might be illuminated based on a calculation using the measured noise
fevel from the microphone and the known attenuation of the NMD/hpd (e.g. accounting for the
atienuation fo calculate how loud the external environment cutside the hpd would be), I, however,
the NMD/hpd has an exterior microphone (configured to measure the external environmental noise
level), then the visual indicator might Hluminate based on the actual megsured microphone sound

level., On the other hand, such a calculation (regarding Humination of the visual indicator) could
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use the neise map data (e.g. from the system/computer, representing the external environmental
noise level} o determine the amount of iHlumination of the visual indicator. As shown in Fig. §,
this Heghting/iHumination of the visual indicator can take the form of g ring of LED or light-guides
{e.g. with a plurality of separate highis operable to be separately activated) with light driving
electronios mounted within the headset. When working in external noise environments, the noise
tevel visuslization {e.g. provided by the visual mdicator) can provide an immediate indication of
the presence of dangerous noise levels and prompt any approsching or surrounding worker to don
their HPD {in other words, the hope is that such a8 visual indicator of externsl noise environment
which is visible to other co-workers will help such co-workers to realize if and when they should
don their own hearing protection devices), This could be particularly helpful if not all workers in
an area/zone have the more advanced type of NME¥Whpd {e.g. with microphone and/or warning
capabilities), since those other co-workers might be able to take their cues from their fellow
workers who do have more advanced NMD/hpd {e.g. based on such visual indicator cues). And as
discussed above, if working within an area that benefits from the noise map {e.g. with NMIvhpd as
part of a system as described herein), the system can communicate the level of noise of the
zonefares to the NMDVhpd (by the means deseribed previously), so that the lght visualization {e.g.
of the visual indicator) on the headset represents the level of noise of the zone/ares 1n which the
headset is located {e.g. using the location information from the NMEB in conjunction with the noise
map data, the computer may communicate with the NMD regarding the iHumination of the visual
indicator, so that the visual indicator tluminaies to show the environmental noise level of the
zongfarea i which the NMD is currently located). In some embodiments, the orientation of the
lighting (of the visual indicator) can be designed such that the environmental noise level is

instantly recognizable {e.g. eastly discernable) by a third party some distance from the worker
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wearing the hdp. In other words, the visual indicator could have lights configured {e.g. angled) to
increase visibility for those around the wearer {e.g. so that co-workers can quickly see and identify
the noise level of the current environment {e.g. if it is sufficiently high that hpd should be
donned)). For example, the visual indicator might have its lights oriented to ensure effective
visibility from essentially any angle around the worker wearer. Such an approach may allow a
swrrounding thivd-party {e.g. co-worker) to determine the environmental noise fevel by observing
the NMD/hpd (of another}, so for example they might know when to don their hpd {even if their
own hipd is relatively simple {e.g. no microphone} and/or is not part of the system}. The specific
environmental noise level data shown by the visual indicator could be instaransous, dvnamic,
and/or continuous (as discussed above). For example, the device could be configured so that the
environmental noise level might be reported over a period of time such as 1, 2, 3, 5, 15, or more
minutes, for example representing the time-averaged value over such time period {(as discussed
abovel, In some embodiments, the visual indicator can have mubiple configurations {e.g.
depending on the specifics of tHlumination of the visual indicator). For example, the configuration
of the light indicator may have 2 or more {e.g. mulliple} color changing segmenis, and each
segment could change color {e.g. by deactivating one color LED and activating ancther color LED
in that segment} or brightness/intensity or illuminate representing a progressing increass in in noise
levels within the immediate environment of the NME¥Vhpd user. In some embodiments, each side
of the headset or other NMEVhpd could be configured to represent the noise level for the
corresponding side, while in other embodiments both left and right sides could display the same
gxposure level {8.g. average exposure or the highest exposure fevel). The color and brightness of

gach visual segment can be configured.

s.h
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BG94G] 3. Using the visual indicator to report/indicate whether fit or seal of hpd s adeqguate.
in some embodiments, the NMD/hpd could automatically sample the external noise (for example,
gither using an external microphone and/or the noise map from the system/computer} and compare
it tor the internal noise level {e.g. detected by an internal microphone), in order to determing if the
MNMB/hpd hearing protection {e.g. attenuation} element(s) are functioning properly {c.g. whether
there is a good fitseal, or whether the hpd should be repositioned to achieve a better fitYseal}, For
gxample, if the delta {e.g. difference) between the two noise levels {internal and external) is below
a set value, the lght guide may alert {e.g. the visual indicator could iluminate to indicate poor fit),
In the situation with a noise map {(as discussed herein), the NMD location data can be used with the
noise map to determing the external noise environment (for example, if the NMD/hpd only has an
internal microphone). This external noise data from the system/computer can then be compared to
the measured internal noise level {under the hpd, for cxample measured viz an internal
microphone}. This approach may give an indication of a person at risk of getting an over exposurs
before the gverexposure 15 a fact. Similar to the discussion above, the visual indicator can be
oriented 50 as to be clearly visible to co-workers (so that they may notice if there is a poor fit and
inform the wearer, 1o serve as a second cheek),

HEBU Y 4. Using the hpd visual indication fo increase workers visibility in low-light
conditions or to reprasent an alarm situation for the worker. As a potential side benefit to such
NMDVhpd with visual indicator, the light indicator on the headset could be configured to display a
mre-configured pattern with a specific light color and/or intensity such that the light effect can be
enabled when working in dark or unlit conditions.  For example, the NMDVhpd might be
configured with a light detector, and when it detects a pre-set low level of Hight {or less), it activates

the visyal mndicator in such 8 way as 1o increase worker visibility, Alternatively, the system might
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have such light detectors (for example, at least one per zone}, and might communicate with the
specitic NMD/hpd in aress of low light (based on the NMD/hpd location data) to activale their
visual indicator in such a way as to increase worker visibility, Worker visibility could relate to the
ability of the worker to see {g.g. tHuminating the area arcund the worker io help them ses better)
and/or making the worker more visible to others {e.g. so co-workers can elearly see the location of
the worker wearer, to avoid collisions for example). In some embodiments, flashing, strobe or
repeating {lighting) effect for the visual indicator may create a higher visibility for the worker from
a distance and/or can bring attention o the worker if in distress (g.g. such higher visibility Hght
effects might only be activated in response o an indication {from the NMD/hpd iiself (such as a
sensor mounted thereon) andfor the system/computer in communication with the NMDVhpd (e
based on a8 sensor, etc.)) that there is some sort of worker distress {e.g. by the worker wearing the
NMD/hpd) which needs attention). As described above, the visual indicator may in some instances
be oriented to increase visthility for third parties (g.g. co-workers).

{8091} Having described above various system and method embodiments, various additional
embodimenis may include, but are not limited to the following:

{8093} In a first embodiment, a system may comprise 8 plurality of noise monitoring devices
{NMD}, each comprising: a microphone and processor for noise monitoring/detection {of external
and/or internal noise in the surrounding environment in proximity to the NMD); a locator device
{such as GPS, Active RFID, WiFi, Blustooth, Infrared, andfor Ultrasonic Ranging)
operable/confipured to determing the location of the NMD {(for example, within a facility); and a
{wireless) communication device {e.g. wireless wansmilter/receiver or transceiver, or in some
embodiments, a wired communication device (for example for fixed NMDYe.g. configured to

communicate with or between other NMID {e.g. with the interconnscted processors of the NMD
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performing computing tasks, and/or cloud computing andfor some other form of distributed
computing performing computing tasks) and/or a separate computer {for performing computing
tasks) — and wherein the computing tasks may include pooling noise data from the plurality of
NMD, e.g. to create a noise map).

{0094] A second embodiment can include the system of the first embodiment, whersin ong or
more of the NME comprises a hearing protection element {e.g. sarmuf?, sarplug, or other element
for sealing the ear canal or otherwise protecting the user from external noise}(such that the NMD
would be a hearing protection device (hnd) configured to detect noise exposure},

HEESY A third embodiment can include the system of the first or second embodiment, further
comprising a remotely located computer/processor {such as a central station computer, comprising
a wireless communication device {g.g. wireless received/transmitier or transceiver) configured 1o
communicate with the plurality of NMD; and use {(e.g pool} the noise monitoring data
communicated from the plurality of NMD to generate a noise map; wherein the plurality of
NME are communicatively connected with the computer,

B A fourth embodiment can include the system of any of the first through third
embodiments, wherein the noise map may be or comprise dynamic and/or accumulated gver time
{e.g. cumulative) and/or instantancous.

HER A fifth embodiment can include the system of any of the first through fourth
embodiments, wherein the remotely located computer further comprises & display {e.g. 8 screen)
configured/operable to display the noise map {of the facility).

{6098} A sixth embodiment can include the system of any of the first through fifth

embodiments, wherein the remotely located computer is configured to extrapolate/interpolate for
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areas of the noise map between the actual measured noise monitoring data points received by the
computer from the phlurality of NMIL

LB A seventh embodiment can include the system of any of the first through sixth
embodiments, wherein the computer is configured to determine from noise monitoring data (from
the comununicatively connected NMID} a moving noise source,

[083188]  An eighth embodiment can include the systemn of the seventh embodiment, wherein the
compuier is configured to compare the detected noise to a database of known sounds to determine
what is the cause of the moving noise s&urce {e.g. what type of vehicle or other machinery is the
likely cause of the moving noise).

001011 A ninth embodiment can include the sysiem of the seventh or eighth embodiment,
wherein the computer is configured to extrapolate/project the trajectory/course of the moving noise
source {which could be displaved on the soreen of the computer).

31021 A tenth ewbodiment ean include the system of the ninth embodiment, whereln the
computer is further configured to determine f any NMD are locsted along the trajectory of the
moving noise source and to send & warning to any such NMD along the trajectory {so that the user
can be aware of a posaible physical danger that they might not hear due to wearing of hpd, for
axample)

81831 An cleventh embodiment can include the system of the tenth embodiment, whereln the
computer is further configured o consider movement of NMD 1o see if it likely intercepts the
trajectory of the moving noise source and need 1o send warning.

N0i84] A twelfth embodiment can include the system of the tenth or eleventh embodiment,
wherein the warning might comprise one or more of the following: a sound beaconftone/beeping

that varies i volume hased on proximity (o moving noise source {e.g. volume increases as moving
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noise source approaches NMDVhpd); adjust hear-through (so user more likely 1o hear moving noise
source and be able to avoid); vibration that varies in intensity based on proximity o moving noise
source; change o tactility, ete.

[00185] A thirteenth embodiment can include the system of any of the first through twelfth
embodiments, wherein the computer is further configured to detect an {audible) alarm {e.g. from a
speaker of & PA system, for example via noise data received from one or more NIDM) and
transmit/share such alarm info. with other NMD in zone of alarm and/or related zone(s) {e.g. in
proximity or abutting the alarm zone).

{80186} A fourteenth embodiment can include the system of the thirteenth embodiment,
wherein the computer is further configured to detect if a NMD is {in an adjacent zone and} moving
towards the alarm zone (based on trajectory of NMID} movement based on location data over time)
and transmifs a warning {e.g. pre-alarm} to such WNMD,

{81077 A fifieenth embodiment can include the system of any of the first through fourteenth
embodiments, wherein the NMD is associated with a user; and wherein the computer further
comprises a database of individual user hearing test date {g.g. threshold/exposure tolerance for
specific individual users) and the computer is further configured to correlate user location with
noise level and compare to database to determine if a warning should be sent o a user (for
example, if the specific user is sensitive and should not be expossd to such loud noise, even if the
naise level is below the standard threshold).

[B0108] A sixteenth embodiment can include the system of the fifieenth embodiment, whereln
the computer is configured to transmit 8 warning to the user recommending movement 1o another

zone andfor away from a specific zone based on the noise map {e.g. in relation to the user’s
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threshold/exposure tolerance information andfor the detected noise from other zones {e.g. noise
map datal},

{0018%] A sevenieenth ombodiment can include the system of the fifteenth or sixteenth
embodiments, wherein the computer is further configured to detect if a NMID is {(in an adjacent
zone and) moving towards the rzone having noise in excess of the user’s threshold/exposure
tolerance {based on trajectory of NMID} movement based on location data over time) and transmits
a warning {e.g. recommendation) to such NMD {e.g. regarding the amount of time the user might
spend in that zone andfor an allernative zone better suited to the user).

{03110 An cighteenth embodiment can include the system of the first through seventeenth
embodiments, wherein, for a new worker coming in {for example, into a facility or zone), the
computer is configured to determine the zone {of the noise map/facility) that the user will be
entering and suggest/recommend or provide {e.p. avtomatically dispense)} appropriate hpd/NMD
based on noise map.

{36113} A nineteenth embodiment can include the system of any of the first through eighieenth
embodiments, wherein the computer is further configured to compare information on the location
and type of hpd/NMD to the neise map, determine i hpd/NMD is insufficientinadequate, and
transmit a warning to the hpd/NMD if it is found inadequate,

{0112 A twentieth embodiment can include the system of the ninetesnth smbodiment,
wherein the computer is further configured to generate an estimate of time to spend in the zone
{based on location, type of hpd/NMD, and noise map) and transmit 0 the hpd/NMIL.

[001131 A twenty-first embodiment can include the system of any of the first through twentieth
embodiments, wherein the computer is configured to use noise monitoring data {e.g. from the noise

map} regarding a moving noise source to alter the set-up/configuration of hpd/NMD along the
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trajectory of the moving noise source {e.g. alter/tune active notse cancellation for any hpd/NMD
along the course of wajectory of the moving noise source based on information from other
hpd/NMD regarding that moving noise source (2.8, in order 1o garlier make adjustments)).

[B0114] A twenty-second embodiment can include the system of any of the first through
pwenty-tirst embodiments, wherein the computer is further configured to detect if g hpd/™NMD s
maving towards the trajectory of the moving noise source {(based on frgjectory of hpd/MNMD
movement based on location data over ime) and alters the set-up/configuration of such hpd/NMIDL.

I01IS] A twenty-third embodiment can include the system of any of the first through twenty-
second embodiments, further comprising one or more fixed noise monitoring/detecting devices
{e.g. having a microphone, processor, and wireless communication device configured/operable to
communicate with the computer and/or plurality of NMD (for example, at least one such fixed
NMD per zone).

[B0116] A twenty-fourth embodiment can include the system of any of the first through twenty-
third embodiments, wherein the computing iasks {e.g. performed by the computer) compwises
population wide analysis of areas/zones within a factity that may need to be engineered to reduce
noise emissions, based on the noise map.

H01Y7] A twenty-fifth embodiment, can include the system of any of the first through twenty-
fourth embodiments, wherein the computing tasks (g.g. performed by the computer} comprises
using noise detection information {e.g. the noise map) for fault detection (for example to detect part
or equipment failure based on noise level outside the expectation {2.g. range) for a zonefarea {for
example based on pre-knowledge of what an area/zone should sound like andfor based on specific

frequency detection indicative of such a fatlure) andfor help locate such failures by correlating data
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from several nolse monitoring devices to determine location, which can then be used o notify
maintenance).

{MEI8] A twenty-sixth embodiment can include the system of any of the first through twenty-
fifth embodiments, further comprising & worker location tracking system (such as one or more
worker locator devices) operable o determine the location of any workers within a
rone/area/factlity not wearing NMDVhpd (and in some embodiments, any such weorker locator
devices might be separaie from the NMI¥hpd), wherein the computer receives worker location
data and correlates that worker Jocation data with the noise data {e.g. from a noise map developed
from the NMER to determine such worker’s estimated noise exposure.,

[88118] A pwenty-seventh embodiment can include the system of the twenty-sixth embodiment,
wherein at least some {.g. at least ong} workers do not have/wear NMD (e.g. they only have a
separate worker location devics).

6031281 A twenty-eighth embodiment can include the system of the twenty-sixth or twenty-
seventh embodiments, wherein the computer is configured to send an alert {e.g. to the worker
locator device or via PA system, sic) to any worker not wearing NMD when the worker’s
estimated notse exposure approaches or reaches threshold/imit

{08121 While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods may be embodied I many other specific forms
without departing from the spivit or scope of the present diselosure. The present examples are to be
considered as {lustrative and not restrictive, and the infention is not © be limited to the details
given herein. For example, the various elements or components may be combined or integrated in

another systesn or certain features may be omitted or not implemented.
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001221 Also, technigues, systoms, subsystems, and methods described and illusirated in the
various embodiments gs discrete or separale may be combined or integrated with other systems,
madules, technigues, or methods without departing from the scope of the present disclosure. Other
items shown or discussed as directly coupled or communicating with each other may be indirectly
coupled or communicating through some interface, device, or intermediate component, whether
electrically, mechanically, or otherwise. Other examples of changes, substitutions, and alierations
arg ascertainable by one skilled in the art and could be made without departing from the spirit and
scope disclosed herein,

[00123]  While various embodiments in accordance with the principles disclesed herein have
been shown and described above, modifications therest may be made by one skilled in the an
without departing from the spirit and the teachings of the disclosure. The embodiments described
herein are representative only and are not intended to be limiting. Many variations, combinations,
and maodifications arc possible and are within the scope of the disclosure.  Allemative
embodiments that result from combining, integrating, and/or omitting features of the
embodiment{s) are also within the scope of the disclosure. Accordingly, the scope of protection is
not limited by the description set out above, but is defined by the claims which follow, that scops
including all equivalents of the subject matier of the claims. Each and every claim is incorporated
as further disclosure o the specification and the claims are embodiment(s} of the present
invention{s}). Furthermore, any advaniages and featurss described above may relate to specific
embodiments, but shall not Hmit the application of such issued claims to processes and structures
accomplishing any or ali of the above advantages or having any or all of the above features.
iB0124]  Additionally, the section headings used herein are provided for consistency with the

suggestions under 37 CF.R. 177 or to otherwise provide organizational cues. These headings
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shall not Hmit or characterize the invention{s) set out In any claims that may issue from this
disclosure. Specifically and by way of example, although the headings might refer to a “Field,” the
claims should not be limited by the language chosen under this heading 1o describe the so-called
field. Further, a description of a technology in the “Background” is net to be construed as an
adrmission that certain technology is prior art to any invention{s) in this disclosure, Neither is the
“Summary” to be considered as g Hmiting characterization of the invention{s) set forth in issued
claims., Furthermore, any reforence in this disclosure to “invention” in the singular should not be
used to argue that there is only a single point of novelty in this disclosure. Multiple inventions may
be set forth according o the lmitations of the multiple claims issuing from this disclosure, and
such claims accordingly define the invention{(s), and their eguivalents, that are protected thereby.
In all instances, the scope of the claims shall be considered on their own merits in light of this
disclosure, but should not be constrained by the headings set forth herein.

[B0125]  Use of broader terms such as “comprises”, “includes”, and “having” should be
understood to provide support for narrower terms such as “consisting of”, “consisting essentially
of, and “comprised substantially o, Use of the terms “optionally,” “may,” “might,” “possibly,”
and the like with respect to any element of an embodiment means that the element is not required,
or altenatively, the colement is required, both alternatives being within the scope of the
embodiment(s). Also, references to examples are merely provided for tlustrative purposes, and are
not intended to be exclusive,

{661361  While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods may be embodied in many other specific forms
without departing from the spirit or scope of the present disclosure. The present examples are to be

considered as iHustrative and not resirictive, and the intention i3 not io be Hmited to the details
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given herein. For example, the various elements or components may be combined or integrated in
another systern or certain features may be omiited or not implemented.

1371 Also, technigues, systems, subsystems, and methods described and ilustrated in the
various embodiments as discrete or separate may be combined or integrated with other systems,
modules, techniques, or methods without departing from the scope of the present disclosure. Other
iterns shown or disenssed as directly coupled or communicating with sach other may be indirectly
coupled or communicating through some interface, device, or intermediate component, whether
glectrically, mechanically, or otherwise, Other examples of changes, substitutions, and alterations
are asceriatnable by one skilied in the art and could be made without departing from the spirit and
scope disclosed herein.

[00I28]  Having described the various systerns and methods herein, various embodiments of the

systerms and methods can include, but are not limited to the claims provided herein.
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{LATMS
What is claimed is:

I. A system comprising:
a plurality of noise monitoring devices, wherein al lzast one of the noise monitoring
devices comprises:
a hearing profection clement having a structure that is configured o block noise
from entering an ear canal of a user;
a microphone electrically coupled to a circuit having a processor and non-transitory
memuory, the circult being contigured by an application to:
detect incoming noise signals via the microphone, wherein the incoming
noise signals are detected according to a predefined sampling period,
transform the noise signals into noise data by appending values obtained
from the signal with the coordinates received from a locator unit,
include location information and an identifier of the noise monitoring
device o the noise data, wherein the location information corresponds with
coordinates of the noise monttoring device when the noise signal was detected,
instriact the iransceiver o at least periodically transmit the noise data in
response to at lgast one of passage of & predefined time peried, an exfernal request
received via a network, or a combination of the predefined time period and the
external request;
a locator unit that, upon execution by a processer of the circull, determines location
information as coordinates corresponding 1o a geolocation of the noise mapping device, and

velays the location information back to the application; and
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a transceiver electrically coupled to the processor of the circuit and configured 1o

transmit the noise data via the network,

2. The system of claim 1, further comprising s remotely located computer system that is
communicatively coupled, via the network, to the plurality of noise monitoring devices, the
computer system comprising a transceiver coupled to a processor and 8 non-transitory memory, the
non-iransitory memory comprising an application that, upon execution, configures the computer
system (o]

comununicate with the plurality of noise monitoring devices and receive noise data from
each noise monioring device;

paal the notse data communicated from the plurality of noise monitoring devices; and

based on the pooled noise data, generate g noise map.

3 The system of claim 1, wherein the remotely located computer system further comprises a
display configured to mresent the noise map in response to reception of the noise map from the
remotely located computer system, wherein the noise map is updated on the display by the
remotely located computer system, wherein the noise map comprises at least one of distribution of

colors having a brighiness corresponding to an intensity of noise.

4. The system of claim 1, wherein the computer system is further configured to) determine

when one or more noise monitoring device are located along the trajectory path corresponding to

the moving noise source; and push at least an andio alarm o the one or more noise monitoring
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device along the trajectory path, wherein the alarm transmits an sudible warning indicating

presence of noise source within a defined time period.

3. The system of claim 4, wherein the alarm comprises one or more of the Bbllowing:

an audible sound that, when transmitted through speakers coupled to the noise monitoring
device, vaties in volums based on the proximity of the noise source such that the volume increases
as the noise source approaches one or more neise monitoring device;

an instruction fo the circuit of the noise monitoring device that adjusts a hear-through
configuration setting of noise cancelation such that the noise monitoring device decreases noise
cancellation and allows sound above a predefined threshold to pass to an ear canal, thereby
increasing the likehhood that a user hears the neise source and the intercept;

an instruction, io a vibration device electrically coupled fo the noise monitoring device, 1o
induce g vibration that varies in intensity based on proximity to the noise source moving along the
trajectory path; and

an instruction to change tactility of an interface of one of the noise mapping devices.

& The system of claim 1, whereln the noise monitoring device is associated with a user; and
wherein the computer is coupled to a datastore that stores individual user hearing test data
comprising thresholds, and the computer is further configured to correlate location information
with sound levels from the noise data, and compare to the thresholds in the datastore to determing
if & warning should be sent fo a user’s noise montioring device in response to the sound levels

heing above the thresholds while is at a location of the noise moniioring device.
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7. A method to monitor and map noise data from a plurality of noise monitoring devices
{NMI}}, the method comprising:

detecting incoming noise signals vig a microphone of a noise monitoring device, wherein
the incoming noise signals are detected according to a predefined sampling peniod;

determining location information, by a locator unit of the noise monitoring device, as
coordinates corresponding o a geolocation of the noise mapping device;

transforming the noise signals into noise data by appending values obtained from the signal
with the coordinates received from the locator unit of the noise monitoring device;

including location information and an identifier of the noise monitoring device into the
noise data, wherein the location information corresponds with coordinates of the noise monitoring
device when the noise signal was detected; and

instructing 8 transceiver of the noise monitoring device o at least periodically transmit the
noise data in response to at ieast one of passage of a predefined time period, an external reguest

received via g network, or a combination of the predefined time period and the external reguest;

8. The method of claim 7, further comprising blocking, by a hearing protection element of the

naise monttoring device, noise from entering an ear canal of a user,

9. The method of claim 7, further comprising

communicating, by a remotely located computer systern, with the plurality of noise
monitoring devices;

recelving noise data from each noise moniloring device by the remotely located computer

sysient;
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pooling the noise data communicated from the plurality of noise monitoring devices; and

generating a noise map based on the pooled noise data.

13, The method of claim 9, further comprising:

identifying, by the remotely located computer system, the geolocation of the noise
monioring devices based on the received noise data;

pulling a digital blueprint of the geoloeation;

overlaving the nolse rmap with the digital bluepring

identifying geolocations on the digual blueprint representing areas of the noise map that do
have noise monttoring devices that measure noise data from noise sources; and

extrapolating predicted noise levels between each of the geolocations of the noise

maonitoring devices that receive noise signals,

b, The method of elaim 9, further comprising:

determining, by the remotely located computer sysiem, a noise source based on the noise
data received from at least one of the plurality of nolse monitoring devices; and

based on the determination of the noise source and the noise data, identifying that the noise

souree is moving relative to at least one of the plurality of noise monitoring devices.
12, The method of claim 8, further comprising:

determining the source by comparison the detected noise data to instances of known sound

data stored in non-transtiory memory of a communicatively coupled datastore; and
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based on the comparison, determining an identifier corresponding to the known sound data
associated with the noise source producing the noise, wherein the noise source corresponds at least

one of a speaker, machinery, or a vehicle.

i3, The method of claim 9, further comprising:

creating a trajectory of the noise source by identifying the divection of movement of the
nistse source based on comparing which noise monitoring devices indicate increased intensity of
noise data in relation o other noise monitoring devices that indicate a decrease of intensity of noise
data from the noise source;

overtaying the trajectory on the noise map to provide a8 trajectory path of the moving noise
source; and

visnally presenting the trajectory path in the noise map for on a communicatively coupled

display.

t4.  The method of claim 8, further comprising:

determining when one or more noise monitoring device are located along the irgjectory
path corresponding to the moving noise source; and

push at least an andio alarm to the one or more nolse monifioring device along the trajlectory
path, wherein the alanm transmits an audible warning indicating presence of noise source within a

defined time period.

t8.  The method of claim 9, further comprising:
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determine that the one or more nolsg monitoring device i3 moving based on the received
coordinaies; and

determine that the noise monttoring device and the noise source will intercept based on the
movement of the nolse monttoring device and the trajectory path of the noise source moving along
the trajectory path, wherein the audio alarm is pushed to the one or wmore noise monitoring device
in response o an intercept probability value exceeding a predefined threshold, and whereln the

audio alarm is pushed to the one or more noise monitoring device betore the intercept ocours,
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