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Systems and methods for identifying potential bullying are disclosed. In various aspects, a system for identifying potential bullying
includes a sound detector configured to provide samples of sounds over time, a processor, and a memory storing instructions. The
instructions, when executed by the processor, cause the system to determine that a noise event has occurred by processing the
samples to determine that the sounds exceed a sound level threshold over a time period that exceeds a time period threshold,
process the samples to provide frequency spectrum information of the noise event, determine whether the noise event is a potential
bullying occurrence based on comparing the frequency spectrum information of the noise event and at least one frequency
spectrum profile, and initiate a bullying notification in a case of determining that the noise event is a potential bullying occurrence.
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Abstract:

Systems and methods for identifying potential bullying are disclosed. In various aspects, a system
for identifying potential bullying includes a sound detector configured to provide samples of sounds
over time, a processor, and a memory storing instructions. The instructions, when executed by the
processor, cause the system to determine that a noise event has occurred by processing the samples
to determine that the sounds exceed a sound level threshold over a time period that exceeds a time
period threshold, process the samples to provide frequency spectrum information of the noise event,
determine whether the noise event is a potential bullying occurrence based on comparing the
frequency spectrum information of the noise event and at least one frequency spectrum profile, and
initiate a bullying notification in a case of determining that the noise event is a potential bullying
occurrence.
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SYSTEMS AND METHODS FOR IMPROVED ACCURACY OF
BULLYING OR ALTERCATION DETECTION OR
IDENTIFICATION OF EXCESSIVE MACHINE NOISE

BACKGROUND

Technical Field

[0001] The present disclosure relates to systems and methods for detecting potential bullying
or altcrcation or cxccssive machine noisc. Morc particularly, the present disclosurce rclates to
systems and methods which improve accuracy of bullying or altercation detection or which

identify excessive machine noise.

Background

[0002] Bullying is a serious problem in academic and business environments due to harmful
effects on people and on productivity. Altercations in a workplace can also increase risks of a
hostile work environment. Camera surveillance systems have been developed to identify
bullying and altercations. However, such camera surveillance systems have not and cannot be
used in private areas such as restrooms, bathrooms, shower rooms, or hospital rooms, where
privacy takes priority. At the same time, bullying has become more serious among younger
people, and altercations in the workplace have become more widespread, due in part to divisive
developments in social and political discourse, among other things. Accordingly, there is interest
in developing and improving systems and methods for effective identification of potential

bullying or altercation.
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SUMMARY

[0003] The present disclosure provides systems and methods for identifying potential
bullying or allercation based on sound information or for identification ol excessive machine
noise. As described below, aspects of the disclosed systems and methods utilize frequency
spectrum information of a noise event to improve the accuracy of identifying whether the noise
event is a potential bullying or altercation occurrence. Aspects of the present disclosure will be
described with respect (o potential bullying. However, it is intended and shall be understood that
such disclosure applies to detection of potential altercations as well. Other aspects of the present
disclosure relate to identifying whether a location may have excessive machine noise, such as in
a hospital room.

[0004] In accordance with aspects of the present disclosure, a system for identifying
potential bullying includes a sound detector configured to provide samples of sounds over time, a
processor, and a memory storing instructions. The instructions, when executed by the processor,
cause the system to determine that a noise event has occurred by processing the samples to
determine that the sounds exceed a sound level threshold over a time period that exceeds a time
period threshold, process the samples to provide frequency spectrum information of the noise
cvent, determine whether the noisc cvent is a potential bullying occurrence bascd on comparing
the frequency spectrum information of the noise event and at least one frequency spectrum
profile, and initiate a bullying notification in a case of determining that the noise event is a
potential bullying occurrence.

[0005] In various aspects of the system, the instructions, when executed by the processor,

further cause the system to cause the sound detector to provide samples of sounds in a learning
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mode in absence of any bullying occurrence, and determine at least one of the sound level
threshold or the time period threshold based on the samples of sounds from the learning mode.
[0006] In various aspects ol the system, the samples ol sounds in the learning mode rellect
non-bullying conversation, and the instructions, when executed by the processor, further cause
the system to set at least one of the sound level threshold or the time period threshold so as to
exclude the non-bullying conversation from the learning mode as a noise event.

[0007] In various aspects of the system, the samples of sounds in the learning mode reflect
non-bullying sounds, and the instructions, when executed by the processor, further cause the
system to set at least one of the sound level threshold or the time period threshold so as to
exclude at least one of the non-bullying sounds from the learning mode as a noise event.

[0008] In various aspects of the system, the sound level threshold and the time period
threshold qualily at least one other of the non-bullying sounds [rom the learning mode as a noise
event.

[0009] In various aspects of the system, in determining whether the noise event is a potential
bullying occurrence, the instructions, when executed by the processor, cause the system to
determine whether the noise event is a potential bullying occurrence based on comparing the
frcquency spectrum information of the at Icast onc other of the non-bullying sounds and at Icast
one frequency spectrum profile.

[0010] In various aspects of the system, in determining that the noise event is a potential
bullying occurrence, the instructions, when executed by the processor, cause the system to
determine that the frequency spectrum information of the noise event includes frequency

dominance between 100 Hz and 10 kHz. In various aspects of the system, the frequency
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dominance between 100 Hz and 10 kHz includes a frequency profile between 100 Hz and 10
kHz having a triangular shape, which is generally associated with human voices.

[0011] In various aspects ol the system, in comparing the [requency spectrum information of
the noise event and the at least one frequency spectrum profile, the instructions, when executed
by the processor, cause the system to compare the frequency spectrum information of the noise
event to a frequency spectrum profile having substantially uniform frequency profile, which is
generally associated with machine noise.

[0012] In various aspects of the system, the instructions, when executed by the processor,
further cause the system to not initiate a bullying notification in a case of determining that the
frequency spectrum information of the noise event matches the substantially uniform frequency
profile.

[0013] In accordance with aspects of the present disclosure, a method for identilying
potential bullying includes accessing samples of sounds over time provided by a sound detector,
determining that a noise event has occurred by processing the samples to determine that the
sounds exceed a sound level threshold over a time period that exceeds a time period threshold,
processing the samples to provide frequency spectrum information of the noise event,
dctermining whether the noisc cvent is a potential bullying occurrence bascd on comparing the
frequency spectrum information of the noise event and at least one frequency spectrum profile,
and initiating a bullying notification in a case of determining that the noise event is a potential
bullying occurrence.

[0014] In various aspects of the method, the method includes causing the sound detector to

provide samples of sounds in a learning mode in absence of any bullying occurrence, and
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determining at least one of the sound level threshold or the time period threshold based on the
samples of sounds from the learning mode.

[0015] In various aspects ol the method, the samples ol sounds in the learning mode rellect
non-bullying conversation, and the method includes setting at least one of the sound level
threshold or the time period threshold so as to exclude the non-bullying conversation from the
learning mode as a noise event.

[0016] In various aspects of the method, the samples of sounds in the learning mode reflect
non-bullying sounds, and the method includes setting at least one of the sound level threshold or
the time period threshold so as to exclude at least one of the non-bullying sounds from the
learning mode as a noise event.

[0017] In various aspects of the method, the sound level threshold and the time period
threshold qualily at least one other of the non-bullying sounds [rom the learning mode as a noise
event.

[0018] In various aspects of the method, determining whether the noise event is a potential
bullying occurrence includes determining whether the noise event is a potential bullying
occurrence based on comparing the frequency spectrum information of the at least one other of
thc non-bullying sounds and at Icast onc frequency spectrum profile.

[0019] In various aspects of the method, determining that the noise event is a potential
bullying occurrence includes determining that the frequency spectrum information of the noise
event includes frequency dominance between 100 Hz and 10 kHz. In various aspects of the
method, the frequency dominance between 100 Hz and 10 kHz includes a frequency profile

between 100 Hz and 10 kHz having a triangular shape.
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[0020] In various aspects of the method, comparing the frequency spectrum information of
the noise event and the at least one frequency spectrum profile includes comparing the frequency
spectrum information ol the noise event (o a [requency spectrum prolile having substantially
uniform frequency profile.

[0021] In various aspects of the method, the method includes not initiating a bullying
notification in a case of determining that the frequency spectrum information of the noise event
matches the substantially uniform (requency profile.

[0022] In accordance with aspects of the present disclosure, a method for identifying
excessive machine noise includes accessing samples of sounds over time provided by a sound
detector; determining that noise events have occurred based on processing the samples; for each
noise event: processing the samples associated with the noise event to provide frequency
spectrum information of the noise event, and determining whether the noise event is a machine
generated sound occurrence based on comparing the frequency spectrum information of the noise
event and at least one frequency spectrum profile; and initiating a discomfort notification in a
case of the noise events indicating excessive machine noise based on at least one of a threshold
or a criterion.

[0023] In various aspccts of thc mcthod, the mcthod includes causing the sound dctector to
provide samples of sounds in a learning mode in absence of machine generated sound occurrence,
and determining at least one of a sound level threshold or a time period threshold based on the
samples of sound levels from the learning mode, wherein each noise event is identified based on
at least one of the sound level threshold or the time period threshold.

[0024] In various aspects of the method, the samples of sounds in the learning mode reflect

human conversation, and the method includes setting at least one of the sound level threshold or
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the time period threshold so as to exclude the human conversation from the learning mode as a
noise event.

[0025] In various aspects ol the method, determining whether the noise event is a machine
generated sound occurrence includes comparing the frequency spectrum information of the noise
event with a frequency spectrum information of the human conversation.

[0026] In various aspects of the method, determining whether the noise event is a machine
generated noise occurrence includes determining that the frequency spectrum information of the
noise event includes frequency dominance between 100 Hz and 20 kHz.

[0027] In various aspects of the method, the frequency dominance between 100 Hz and 10
kHz includes a frequency profile between 100 Hz and 10 kHz having a triangular shape.

[0028] In various aspects of the method, comparing the frequency spectrum information of
the noise event and the at least one [requency spectrum profile includes comparing the [requency
spectrum information of the noise event to a frequency spectrum profile having substantially
uniform frequency profile.

[0029] In various aspects of the method, the method includes not initiating a discomfort
notification in a case of the noise events indicating acceptable machine noise based on at least
onc of the threshold or the criterion.

[0030] Further details and aspects of exemplary aspects of the present disclosure are

described in more detail below with reference to the appended figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] A better understanding of the features and advantages of the disclosed technology

will be obtained by reference to the following detailed description that sets forth illustrative
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aspects, in which the principles of the technology are utilized, and the accompanying drawings of
which:

[0032] FIG. 1 is a block diagram ol an exemplary detection system [or identilying potential
bullying, in accordance with aspects of the present disclosure;

[0033] FIG. 2 is a block diagram of exemplary components of a detection sensor, in
accordance with aspects of the present disclosure;

[0034] FIG. 3 is a flow diagram of an exemplary learning mode operation and configuration
operation, in accordance with aspects of the present disclosure;

[0035] FIG. 4 is a block diagram of exemplary sound information and frequency spectrum
information stored in a memory or storage, in accordance with aspects of the present disclosure;
[0036] FIG. 5 is a flow diagram of an exemplary operation for processing sound samples, in
accordance with aspects ol the present disclosure; and

[0037] FIG. 6 is a block diagram of exemplary components of a computing device, in

accordance with aspects of the present disclosure.

DETAILED DESCRIPTION

[0038] The present disclosurc provides systems and mcthods for identifying potential
bullying or altercation based on sound information or for identifying excessive machine noise.
As described below, aspects of the disclosed systems and methods utilize frequency spectrum
information of a noise event to improve the accuracy of identifying whether the noise event is a
potential bullying or altercation occurrence. When potential bullying or altercation is identified,
warnings or alerts are transmitted to registered users or clients without providing any indication

of warnings to one or more persons who are engaged in the potential activity. In this way, one or
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more persons who are engaged in potential bullying or altercation can be properly reported and
appropriately supervised later. Aspects of the present disclosure will be described with respect
to potential bullying. However, it is intended and shall be understood that such disclosure
applies to detection of potential altercations as well. Other aspects of the present disclosure
relate to identifying excessive machine noise, such as in a hospital room.

[0039] FIG. 1 illustrates a block diagram showing a detection system 100 according to
aspecis of the present disclosure. The detection system 100 includes one or more delection
sensors 110 which detect sound related to noise disturbance at enclosed sites such as, without
limitation, schools or medical facilities. In various aspects, the detection sensors 110 can be
sensitive to sounds across a frequency spectrum, such as between 100 Hz and 10 kHz, between
100 Hz and 20 kHz, or between 100 Hz and another frequency above 10 kHz, among other
[requency ranges. Each detection sensor 110 can provide an audio signal that reflects the sounds
it senses in the frequency spectrum. The detection system 100 further includes a control server
120 for controlling various aspects described herein, such as identifying whether or not bullying
is potentially occurring at the enclosed site, and a database 130 storing data related to identifying
potential bullying and historical data of detected sounds at each enclosed site.

[0040] In various aspccts, the detected sounds may be analyzed by the detection sensors 110
or the detected sounds may be transmitted to the control server 120. The control server 120 may
communicate with the detection sensors 110 by calling functions of application programming
interface (“API”) between the detection sensor 110 and the control server 120. In this manner,
the detection sensor 110 can push data to the control server 120 and respond to requests from the
control server 120.

[0041] The control server 120 may analyze the detected sounds based on data stored at the
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database 130 and determine whether bullying potentially may have occurred or may be occurring
at the enclosed sites. The data stored at the database 130 may be location-dependent, such that
that data associaled with one location may be dillerent [rom data associated with another
location or site. For example, at a bathroom location, there are flushing sounds, casual
conversations, and/or cleaning sounds, among other sounds. Based on the size of the bathroom
and the installation location of the detection sensor 110, the detection sensor 110 may detect
sounds differently [rom other detection sensors 110 installed within the same bathroom. Thus,
the location-dependent data may be different based on the installation locations even at the same
site or within the same room, area, or region.

[0042] For these reasons, and in accordance with aspects of the present disclosure, the
location-dependent data is obtained at the site or at the locations of the detection sensors 110
using a learning mode. The location-dependent data may be obtained (or a period of time that is
determined based on the environment of the enclosed site and the installation location of the
detection sensor 110. For example, in various aspects, the learning mode can operate for a
period of time that may vary depending on the installation location, the time, the day of the week,
and/or the date. After obtaining location-dependent data for a period sufficiently long enough to
form a profilc for the location, the dctection sensor 110 may be turncd to an active modc to
identify noise events.

[0043] In an aspect, the detection sensor 110 can transmit detected sounds to the control
server 120, and the control server 120 may acquire data from the database 130 based on the
location where the detection sensor 110 is installed and/or the time when the sounds are detected,
among other things. The control server 120 can analyze the detected sounds to identify noise

events and determine occurrence of potential bullying based on the data from the database 130,
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which will be described in more detail below. The control server 120 may use a query language
to request data from the database 130. The query language may be SQL, MySQL, SSP, C, C++,
C#, PHP, SAP, Sybase, Java, JavaScript, or any language, which can be used to request data
from a database.

[0044] In various aspects, the data from the database 130 may be saved in a memory (not
shown) of the detection sensor 110. In such aspects, the detection sensor 110 may identify noise
events and may determine potential bullying by itsell without processing by the control server
120. In this case, the detection sensor 110 includes hardware and software/firmware configured
to perform such operations, and the detection sensor 110 communicates the result of its
determination to the control server 120. In various aspects, the sounds processed by detection
sensor 110 may not leave the detection sensor 110, which protects data privacy and the privacy
ol people at the site or location. In various aspects, the control server 120 may not store detected
results from the detection sensors 110 because of privacy issues.

[0045] In an aspect, various data stored in the database 130 may be location-independent,
such that the data may be the same for multiple sites or locations. The location-independent data
can include sounds that present the same way across multiple locations or sites, such as alarm
sounds, school bcll sounds, or construction sounds, for cxamplc. In various aspects, location-
independent data may be obtained and/or loaded to the detection system 100 prior to installation
at a particular site or location.

[0046] In various aspects, the database 130 may include historical sensor data and/or
historical determinations relating to potential bullying, such as time-series and location-specific
data for each location where the detection sensor 110 has been installed. In an aspect, the control

server 120 may analyze the historical data to predict occurrences bullying at the location so that
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appropriate actions may be proactively taken at the location.

[0047] In an aspect, the control server 120 may analyze the historical data stored at the
database 130 (o identily trends in the historical data. For example, the trends may indicate a
decrease or increase of occurrences of potential bullying. In various aspects, in case a decreasing
or increasing pattern is identified, the control server 120 may adjust various parameters for
identifying potential bullying to make the detection sensor 110 more or less sensitive.

[0048] In an aspect, the control server 120 may send a command to the detection sensor 110
to adjust internal parameters for detecting potential bullying. Internal parameters of the detection
sensor 110 may include LED functionality, sound threshold, time threshold, networking server
IP address, alert timeout, serial number, reboot setting, latest firmware version, and/or
parameters for an algorithm for identifying potential bullying, such as Fast Fourier Transform
parameters, which will be described later herein. This list of parameters is not exhaustive and is
provided only for exemplary purposes. In an aspect, the control server 120 may update internal
parameters via text or binary files. Internal parameters for each the detection sensor 110 may be
saved in the database 130.

[0049] In an aspect of the present disclosure, the control server 120 may control the detection
scnsors 110 collectively, individually, or group by group. For cxample, scveral detection scnsors
110 may be installed at the same site. When the system needs to update internal parameters or
settings, the control server 120 may control the detection sensors 110 collectively at the site.
However, such control may not affect the detection sensors 110 installed in the other sites. In yet
another aspect, even when several detection sensors 110 are installed at the same site, the control
server 120 may control them differently because one the detection sensor 110 may have different

parameters for identifying potential bullying from those of another detection sensor 110 due to
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different installation locations at the site.

[0050] With continuing reference to FIG. 1, client devices 170 may log in to the control
server 120 to see graphical representations of the detection results [rom the detection sensors 110
via Internet. Communication between the client devices 170 and the control server 120 may
utilize http, https, ftp, SMTP, or related Internet protocols. The client devices 170 may be able to
control settings for each of the detection sensors 110. For example, the settings may include a
mode of warnings (e.g., an email, lext message, telephone call, instant message, audible warning,
etc.), an address, to which such warnings are to be sent in case of identification of potential
bullying, and the like. The client devices 170 are used by the persons responsible for the sites
where the detection sensors 110 are installed. For example, users of the client devices 170 may
be a principal of a schocl, a vice president of a company, security personnel of a school or
company, or a manager at a hospital, among others. This list, however, is not meant to be
exhaustive but is provided only for illustrating examples. Other people of various titles and
ranks at various types of locations can be a user of a client device 170.

[0051] In the illustrated system of FIG. 1, when a detection sensor 110 identifies potential
bullying, the detection sensor 110 may send an alert to the client devices 170 via a client server
160 using protocols for Intcrnct communications. In various aspccts, the clicnt scrver 160 may
send a simple message or email or other notification to the client devices 170 of persons
supervising the site where the potential bullying is detected. The client server 160 may manage
the clients registered on the client server 160 and show alert history and other notification upon
requests from the client devices 170. Further, the client server 160 may handle alerts to the
client devices 170 when the detection sensors 110 need to reboot, update, or receive

configuration. In an aspect, communications between the client server 160 and the client devices
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170 are indicated by a dotted line to indicated that there may not be a reliable or persistent
communication path between them. In various aspects, the client devices 170 may be a
compulter, laptop, tablet, smart device, mobile phone, or smart watch, among other things.

[0052] Alerting the client devices 170 in the manner provided by the disclosed system may
enable responsible persons to timely and properly respond to occurrences of potential bullying.
Additional alert mechanisms are contemplated. In various aspects, when the client server 160
receives an alert (rom the detection sensor 110, the client server 160 may communicate with a
message server 140 configured to push alerts to notification subscriber devices 150. The
notification subscriber devices 150 are devices of people who may be additional personnel to be
alerted, but who do not have direct access to the control server 120, as illustrated in FIG. 1.
Similar to the ways the client server 160 sends alerts to the client devices 170, the message
server 140 sends alerts to the notification subscriber devices 150 via a text message, email,
instant message, telephone call, and/or audible warning, or any communication readily available
to a person skilled in the art. In various aspects, the notification subscriber devices 150 may be a
computer, a laptop, a tablet, smart device, mobile phone, or a smart watch, among other devices.
[0053] As described above, the detection sensors 110 may include hardware and
softwarc/firmwarc for dctecting potcential bullying without proccssing of data by the control
server 120. In such aspects, when potential bullying is identified, the detection sensor 110 may
directly communicate with the message server 140 and the client server 160 to transmit alerts to
persons in charge of or responsible for the sites where the detection sensors 110 are installed. In
various aspects, the control server 120 may also or may instead control communications with the
client devices 170 and the notification subscriber devices 150.

[0054] FIG. 1 is exemplary, and variations are contemplated to be within the scope of the

14
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present disclosure. For example, in various aspects, the control server 120 may directly
communicate with the client server 160 and/or with the message server 140. In various aspects,
there may be multiple servers and/or databases. Other variations are contemplated to be within
the scope of the present disclosure.

[0055] Referring now to FIG. 2, there is shown a block diagram of exemplary components of
a detection sensor in accordance with aspects of the present disclosure. The illustrated detection
sensor includes a sound sensor 210, a network interface 230, a power source 240, and a
controller 250.

[0056] The sound sensor 210 may be used for detecting sounds. In various aspects, the
detected sounds may be provided by the sound detector in the form of analog voltage amplitudes
or in the form of digital values/samples.

[0057] In accordance with aspects ol the present disclosure, threshold values are used [or
identifying noise events. As used herein, a “noise event” refers to sounds that exceed a sound
level threshold over a time period that exceeds a time period threshold. In various aspects, a
noise event can be identified based on sound level of the sound samples exceeding a sound level
threshold a particular number of times, such as once, five times, or one-hundred times, or another
number of times, over a time period. The particular number of samples that must cxcced the
sound level threshold to qualify as a noise event can vary based on the sampling frequency
and/or the time period duration, among other factors. In various aspects, a noise event can be
identified based on a particular percentage of sound samples exceeding a sound level threshold
over a time period, such as twenty percent of samples, fifty percent of samples, or one-hundred
percent of samples, or another percentage of samples, over a time period. The particular

percentage of samples that must exceed the sound level threshold to qualify as a noise event can
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vary based on the sampling frequency and/or the time period duration, among other factors.
[0058] In various aspects, a time period can be a recurring time interval, such as recurring
one-second intervals, recurring [ive-second intervals, or recurring len-second intervals, or
another interval duration. The recurring intervals may be contiguous such that each interval is
immediately followed by a subsequent interval. In various aspects, the recurring intervals may
be non-contiguous, such that an interval is not immediately followed by a subsequent interval.
In various aspects, a time period can be an interval that begins when a sound level above a sound
level threshold is detected, and that ends after a predetermined length of time elapses, such as
one second, five seconds, or ten seconds, or another length of time. In various aspects, a time
period can be an interval that begins when any sound is detected and that ends after a
predetermined length of time elapses, such as one second, five seconds, or ten seconds, or
another length of time. The length of time for a time period can vary based on various [(actors,
such as the type of noise event(s) of interest. As an example, and without limitation, for a noise
event related to potential bullying in a school bathroom, the length of time for a time period can
be ten seconds. A more detailed description of sound level thresholds and time period thresholds
will be described in connection with FIG. 3.

[0059] With continuing rcference to FIG. 2, the nctwork interface 230 may be configured to
transmit sensed results to the control server 120. In an aspect, the network interface 230 may
transmit a request to send an alert, when potential bullying is identified, to the message server
140 and to the client server 160. Further, the network interface 230 may receive a command to
update internal settings or parameters from the control server 120. In an aspect, the network
interface 230 may communicate with other devices wirelessly or via a wired connection.

Wireless connections may operate in a wide area network (WAN), local area network (LAN),
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personal area network (PAN), ad hoc network, and/or cellular network, among other networks.
A wired network may utilize category 5 cable (CATS), CATSE, category 6 cable (CAT6), or
other cables.

[0060] The sound sensor 210 and the network interface 230 may be powered by the power
source 240. In an aspect, the power source 240 may be circuitry that receives and conveys
power supplied over a network cable, such as CATS or CAT6 cable, based on a technology
called Power-over-Ethernet (PoE) or active Ethernet. PoE+ and 4PPoE may be used (o supply
power. Because the network cable supplies power, the illustrated detection sensor may be
installed everywhere the network cable can be installed without connecting to an electrical outlet.
In various aspects, batteries may be installed to supply power to the detection sensor, and the
batteries may be the power source 240. In various aspects, the power source 240 may utilize a
connection to an electrical outlet so that the power source 240 may be a converler circuit that
receives and converts power from an electrical outlet.

[0061] The detection sensor further includes a controller 250, which controls functions and
settings of the detection sensor. The controller 250 may be referred to interchangeably as a
processor. In various aspects. when the detection sensor is powered, the controller 250 sets
scttings of thc dctection scnsor and internal parameters of the sound scnsor 210. The controller
250 can further control the network interface 230 to transmit detected results or requests for
sending alerts when potential bullying is detected, and/or to reset or update settings and internal
parameters upon reception of commands from a control server 120. The controller 250 may be
execute or operate based on Linux, Windows, Android, i0S, or similar software operation
system. In an aspect, the controller 250 includes hardware components, such as a digital signal

processor (DSP), a microcontroller, a central processing unit (CPU), application-specific
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integrated circuit (ASIC), field-programmable gate array (FPGA), graphics processing unit
(GPU), programmable read-only memory (e.g., PROM, EPROM, EEPROM, etc.), and/or
random access memory (RAM), among other components that will be known to persons skilled
in the art.

[0062] In an aspect, the illustrated detection sensor of FIG. 2 may not be equipped with a
warning system. Thus, when potential bullying is detected at the installation site, any person
who is engaged in the potential bullying would not be alerted that the potential bullying has been
reported to the client devices 170 and the notification subscribers 150 becanse the alert is
reported silently.

[0063] FIG. 2 is exemplary, and variations are contemplated to be within the scope of the
present disclosure. For example, a detection sensor can include other components not
specilically illustrated, such as memory, electronic storage. and/or other types of sensors, such as
air quality sensors. Additionally, there may be multiple network interfaces. Other variations are
contemplated to be within the scope of the present disclosure.

[0064] Referring now to FIG. 3, there is shown a flowchart for an operation 300 of the
learning mode for a detection sensor, in accordance with aspects of the present disclosure. The
Icarning modc opcratcs to configurc paramcters for dctecting a noisc cvent and to provide
frequency spectrum information for improving accuracy of identifying potential bullying.

[0065] In block 310, the sound sensor detects sounds in a learning mode. As described
above herein, the sound sensor can be sensitive to sounds across a frequency spectrum, such as
between 100 Hz and 10 kHz, and can provide a signal that reflects the sounds it senses in the
spectrum. In various aspects, the learning mode for a detection sensor can be activated by a user

manually engaging a switch or button or other manual mechanism of the detection sensor. In
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various aspects, the learning mode for a detection sensor can be electronically activated by a user
though an interface screen of a display. As long as the learning mode is active (315), the sound
detector continues (o detect sounds. In various aspects, the sound detector can buller the
detected sounds. In various aspects, detected sounds can be communicated to a control server in
real time as the sounds are detected. In various aspects. detected sounds can be communicated to
a control server after the learning mode is deactivated.

[0066] In accordance with aspects of the present disclosure, during the learning mode, a user
can present sounds to the detection sensor that do not correspond to bullying. For example, for a
detection sensor installed in a school bathroom, a user may not want background noises, toilet
flushes, running water, casual conversation, school bells, and/or construction noises, among
others, to be identified as a potential bullying event. Background noises can include, for
example, noises [rfom a ventilation or air conditioning system, among other things. Therelore, a
user may introduce those sounds during the learning mode of a detection sensor, so that the
detection sensor can, as much as possible, exclude such sounds from being a noise event or
exclude such sounds from being a potential bullying occurrence.

[0067] The learning mode for a detection sensor can be deactivated by a user manually
discngaging a switch or button or othcr manual mcchanism of the dctection scnsor. In various
aspects, the learning mode for a detection sensor can be electronically deactivated by a user
though an interface screen of a display. When the learning mode is deactivated (315), the
detected sounds are combined with a corresponding timestamp in block 320. The timestamp
may include the time, the day of the week, the day, and/or the month when the sound is detected.
In various aspects, the timestamp can be provided by a detection sensor or by a control server.

The combined data is then saved in a database in block 330.
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[0068] The operation 300 proceeds to block 350, in which the sounds from the learning
mode are analyzed to configure parameters for detecting a noise event and/or to generate
[requency spectrum proliles [or improving accuracy ol delecling a potential bullying occurrence.
In accordance with aspects of the present disclosure, a two-step approach is disclosed for
improving accuracy of detecting potential bullying. At step one, the disclosed system identifies
whether a sound is sufficiently loud and/or long to qualify as a noise event. If the sound does not
qualify as a noise event, then the sound is not treated as a potential bullying occurrence. At step
two, if the sound qualifies as a noise event, then frequency spectrum information for the noise is
analyzed and compared to various frequency spectrum profiles to determine whether or not it is
characteristic of a potential bullying occurrence. Accordingly, block 350 of FIG. 3 analyzes
sounds from the learning mode to configure parameters and provide frequency spectrum
information.

[0069] The operation of FIG. 3 is exemplary, and variations are contemplated to be within
the scope of the present disclosure. In various aspects, only one sound can be presented during
each activation and deactivation cycle of a learning mode. In various aspects, multiple sounds
can be presented during each activation and deactivation cycle of a learning mode. Other
variations arc contcmplated to be within the scope of the prescent disclosurc.

[0070] FIG. 4 shows an exemplary memory or storage containing sound and duration
information 410 for sounds from a learning mode and containing frequency spectrum
information 420 for certain sounds from the learning mode. As an example, the sound and
duration information 410 can be stored for casual conversation sounds, running water sounds,
toilet flush sounds, school bell sounds, construction sounds, and background sounds. In various

aspects, the memory or storage of FIG. 4 can be the database 130 of FIG. 1. In various aspects,
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the memory or storage of FIG. 4 can be located in another system or component, such as in the
controller server 120 or in the detection sensors 110 of FIG. 1.

[0071] In accordance with aspects ol the present disclosure, a sound level threshold and/or a
time period threshold can be configured to exclude certain sounds from the learning mode from
qualifying as a noise event. As described above, in various aspects, a sound may qualify as a
noise event if a certain number or percentage of sound samples exceed the sound level threshold
over a lime period that exceeds a time level threshold. As an example, casual conversation or
running water generally have low sound levels, and a sound level threshold can be set to a level
that does not permit casual conversation or running water to qualify as a noise event. A toilet
flush may exceed such a sound level threshold but generally has a short duration. Therefore, a
time period threshold can be set to a longer duration that does not permit a toilet flush to qualify
as a noise event, even when the toilet [lush sounds exceed a sound level threshold. In various
aspects, a sound level threshold and a time period threshold can be stored in the memory/storage
of FIG. 4, which can be in the detection sensor 110, in the control server 120, and/or in the
database 130 of FIG. 1.

[0072] With continuing reference to FIG. 4, certain sounds may be too loud and/or too long
to bc cxcluded from being a noisc cvent bascd on a sound level threshold and/or a time period
threshold, including non-bullying sounds such as school bell sounds or construction sounds. In
accordance with aspects of the present disclosure, such sounds can be analyzed based on their
frequency spectrum information to determine whether the sounds indicate a potential bullying
occurrence. In particular, the frequency spectrum profile for human voices is generally different
from the frequency spectrum profile for machine sounds. For example, human voices are more

dominant between 100 Hz and 10 kHz, and frequency content outside this range is fairly low.
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Additionally, human voices from a crowd would exhibit a convex or triangular shape over the
100 Hz to 10 kHz frequency range or over another frequency range audible to humans. In
contrast, a machine or mechanical sound can have a more uniform prolile over ils [requency
spectrum. Accordingly, the frequency spectrum information for a sound can be used to
distinguish whether a noise event may correspond to human voices (and thus a potential bullying
occurrence), or whether a noise event may correspond to machine sounds. The frequency
spectrum profile 420 for various sounds can be stored, including [requency spectrum profile for
casual conversation, non-bullying conversation, bullying sounds, altercation sounds, running
water, toilet flush, background sounds, and/or any other sounds that may be helpful in
determining whether or not a noise event is a potential bullying occurrence or a potential
altercation occurrence.

[0073] Persons skilled in the art will recognize techniques for generaling (requency spectrum
information of sound samples, such as Fast Fourier Transformation and other Fourier Transform
techniques. Configuration and implement of such techniques to provide frequency spectrum
information for a sound in a computationally feasible manner will be understood by persons
skilled in the art. The frequency spectrum information 420 can be stored in the memory/storage
of FIG. 4.

[0074] The illustration of FIG. 4 is exemplary, and variations are contemplated to be within
the scope of the present disclosure. For example, the sounds that can be stored are exemplary,
and other sounds can be acquired in learning mode and can be stored. Additionally, frequency
spectrum information can be generated and stored for more sounds than those shown in FIG. 4.
In various aspects, sounds reflective of bullying can be acquired in learning mode and can be

stored (not shown), and the frequency spectrum profile of the bullying sounds can be analyzed.
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In various aspects, the sounds stored in FIG. 4 may be sounds acquired by another source and
may not be acquired by a detection sensor in learning mode. Other variations are contemplated
to be within the scope ol the present disclosure.

[0075] FIG. 5 shows a flow diagram of an exemplary operation for processing sound samples.
At block 510, the operation detects samples of sounds over time. The samples can be provided
by a sound detection sensor that is sensitive to sounds over a frequency spectrum, such as 100 Hz
to 10 kHz. At block 520, the operation determines whether the sounds qualily as a noise event
based on a sound level threshold and/or a time period threshold. As described above, a noise
event can be based on a particular number or a particular percentage of sound samples exceeding
the sound level threshold for a time period that exceeds the time period threshold. If the sound
levels do not qualify as a noise event (530), the operation ends.

[0076] If the sounds do qualifly as a noise event (530), the operation proceeds o block 540 (o
process the sound samples to provide frequency spectrum information of the noise event. As
described above, techniques for computing frequency spectrum information include Fast Fourier
Transform (“FFT™"). At block 550, the operation determines whether the noise event is a
potential bullying occurrence based on comparing the frequency spectrum information of the
noisc cvent and at Icast onc frequency spectrum profile. The frequency spectrum profiles can
include, for example, frequency dominance between 100 Hz and 10 kHz, a convex or triangular
frequency profile between 100 Hz and 10 kHz, a convex or triangular frequency profile in
another frequency range audible to humans, and/or a substantially uniform frequency profile
over the frequency spectrum of the noise event, among others. In various aspects, comparing the
frequency spectrum information to a frequency spectrum profile includes smoothing the FFT

signal of the frequency spectrum information and calculating incremental changes between FI'T
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bins. The incremental changes can be analyzed for various patterns and/or distributions. For
example, if the FFT signal has a convex or triangular shape, a first group of the incremental
changes between FFT bins should be dominated by positive numbers while a second group of the
incremental changes between FFT bins should be dominated with negative numbers. In various
aspects, one or more thresholds or criteria can be used to determine whether or not the patterns
and/or distributions are indicative of triangular shape, which is generally associated with human
voice, or a uniform profile, which is generally associated with machine noise. The one or more
thresholds or criteria can include, for example, number of incremental changes between FFT bins
or percentage of incremental changes between FFT bins having positive or negative values. In
various aspects, the frequency spectrum profiles can include frequency spectrums of sounds
acquired in a learning mode and/or frequency spectrums of sounds acquired by another source.
If the comparison determines that the noise event is not a potential bullying occurrence (560), the
operation ends. If the comparison determines that the noise event is a potential bullying
occurrence (560), the operation initiates a bullying notification at block 570. The bullying
notification can inform a person that potential bullying occurring and the location of the
detection sensor which acquired the sound levels.

[0077] The opcration of FIG. 5 is cxcmplary, and variations arc contcmplated to be within
the scope of the present disclosure. For example, in various aspects, blocks 520 and 550 can be
combined such that potential bullying can be identified based on a sound level threshold, a time
period threshold, and frequency profile information, and intermediate block 530 can be removed.
As another example, the operation of FIG. 5 can be applied and/or tailored to detecting a
potential altercation rather than potential bullying. Other variations are contemplated to be

within the scope of the present disclosure.
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[0078] As explained above, frequency spectrum information of a sound can be compared
with frequency spectrum profiles to determine whether the sound predominantly includes human
voices or machine noises. In accordance with aspects of the present disclosure, the capability (o
distinguish between human voices and machine noise can be used to measure noise comfort level
in various applications, such as in an office, in a hospital room, and/or in public areas where
excessive machine noise may be undesirable. In various aspects, one or more thresholds or
criteria can be used (o determine whether machine noise is excessive. For example, if a
particular number of noise events or a particular percentage of noise events are identified as
machine noise rather than human voices, such threshold and/or criteria can be used to determine
that machine noise is excessive. Other thresholds and/or criteria are contemplated to be within
the scope of the present disclosure. Also, such aspects of the present disclosure can be applied to
various seltings other than an office or hospital room, and such other applications are
contemplated to be within the scope of the present disclosure.

[0079] Turning now to FIG. 6, a block diagram is provided for an exemplary computing
device 700, which can be the control server 120, the database 130, the message server 140,
and/or the client server 160 of FIG. 1. The computing device 700 includes a memory 702, a
proccssor 704, a display 706, a nctwork intcrface 708, an input device 710, and/or an output
module 712. The memory 702 includes any non-transitory computer-readable storage media
for storing data and/or software that is executable by the processor 704 and which controls the
operation of the computing device 700, such as the operations shown in FIG. 5 or described in
the present disclosure.

[0080] In an aspect, the memory 702 may include one or more solid-state storage devices

such as flash memory chips. Alternatively, or in addition to the one or more solid-state storage
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devices, the memory 702 may include one or motre mass storage devices connected to the
processor 704 through a mass storage controller (not shown) and a communications bus (not
shown). Although the description of compulter-readable media contained herein relers to a solid-
state storage, it should be appreciated by those skilled in the art that computer-readable storage
media can be any available media that can be accessed by the processor 704. That is, computer
readable storage media may include non-transitory, volatile and non-volatile, removable and
non-removable media implemented in any method or technology for storage of information such
as computer-readable instructions, data structures, program modules or other data. For example,
computer-readable storage media includes RAM, ROM, EPROM, EEPROM, flash memory or
other solid state memory technology, CD-ROM, DVD, Blu-Ray or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or
any other medium which can be used to store the desired information and which can be accessed
by the computing device 700.

[0081] The memory 702 may store application 716 and/or data 714 (e.g., sound samples,
frequency spectrum information). The application 716 may, when executed by processor 704,
cause the display 706 to present the user interface 718. The processor 704 may be a general-
purposc proccssor, a specialized graphics processing unit (GPU) configured to perform specific
graphics processing tasks while freeing up the general-purpose processor to perform other tasks,
and/or any number or combination of such processors. The display 706 may be touch-sensitive
and/or voice-activated, enabling the display 706 to serve as both an input and output device.
Alternatively, a keyboard (not shown), mouse (not shown), or other data input devices may be
employed. The network interface 708 may be configured to connect to a network such as a local

area network (LAN) consisting of a wired network and/or a wireless network, a wide area
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network (WAN), a wireless mobile network, a Bluetooth network, and/or the internet.

[0082] For example, the computing device 700 may receive, through the network interface
708, detection results [or the detection sensor 110 ol FIG. 1, such as detecled sound samples.
The computing device 700 may receive updates to its software, such as the application 716, via
the network interface 708. The computing device 700 may also display notifications on the
display 706 that a software update is available.

[0083] The input device 710 may be any device by which a user may interact with the
computing device 700, such as, for example, a mouse, keyboard, foot pedal, touch screen, and/or
voice interface. The output module 712 may include any connectivity port or bus, such as, for
example, parallel ports, serial ports, universal serial busses (USB), or any other similar
connectivity port known to those skilled in the art. The application 716 may be one or more
software programs stored in the memory 702 and executed by the processor 704 of the
computing device 700. The application 716 may be installed directly on the computing device
700 or via the network interface 708. The application 716 may run natively on the computing
device 700, as a web-based application, or any other format known to those skilled in the art.
[0084] In an aspect, the application 716 can be a software program having various of the
fcaturcs and functionality decscribed in the prescent disclosure. In other aspects, the application
716 may be two or more distinct software programs providing various parts of the features and
functionality described herein. Various software programs forming part of the application 716
may be enabled to communicate with each other and/or import and export various settings and
parameters relating to the identification of bullying. The application 716 communicates with a
user interface 718 which generates a user interface for presenting visual interactive features to

the notification subscribers 150 or the client devices 170 of FIG. 1 on the display 706. For
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example, the user interface 718 may generate a graphical user interface (GUI) and output the
GUI to the display 706.

[0085] The illustrated aspect ol FIG. 6 is exemplary, and variations are contemplated (o be
within the scope of the present disclosure. Various aspects may include fewer components than
shown in FIG. 6, and various aspects may include other components not shown in FIG. 6. Such
variations are contemplated to be within the scope of the present disclosure.

[0086] The aspects disclosed herein are examples of the disclosure and may be embodied in
various forms. For instance, although certain aspects herein are described as separate aspects,
each of the aspects herein may be combined with one or more of the other aspects herein.
Specific structural and functional details disclosed herein are not to be interpreted as limiting, but
as a basis for the claims and as a representative basis for teaching one skilled in the art to
variously employ the present disclosure in virtually any appropriately detailed structure. Like
reference numerals may refer to similar or identical elements throughout the description of the
figures.

% el s el 9 el

[00871] The phrases “in an aspect,” “in aspects,” “in various aspects,” “in some aspects,” or
“in other aspects” may each refer to one or more of the same or different aspects in accordance
with thc present disclosurc. A phrasc in the form “A or B” mcans “(A), (B), or (A and B).” A
phrase in the form “at least one of A, B, or C” means “(A); (B); (C); (A and B); (A and C); (B
and C); or (A, B, and C).”

[0088] The systems described herein may also utilize one or more controllers to receive
various information and transform the received information to generate an output. The controller

may include any type of computing device, computational circuit, or any type of processor or

processing circuit capable of executing a series of instructions that are stored in a memory. The
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controller may include multiple processors and/or multicore central processing units (CPUs) and
may include any type of processor, such as a microprocessor, digital signal processor,
microcontroller, programmable logic device (PLD), [ield programmable gate array (FPGA), or
the like. The controller may also include a memory to store data and/or instructions that, when
executed by the one or more processors, causes the one or more processors to perform one or
more methods and/or algorithms.

[0089] Any of the herein described methods, programs, algorithms or codes may be
converted to, or expressed in, a programming language or computer program. The terms

’

“programming language” and “computer program,” as used herein, each include any language
used to specify instructions to a computer, and include (but is not limited to) the following
languages and their derivatives: Assembler, Basic, Batch files, BCPL, C, C+, C++, Delphi,
FORTRAN, Java, JavaScript, machine code, operating system command languages, Pascal, Perl,
PL1, scripting languages, Visual Basic, metalanguages which themselves specify programs, and
all first, second, third, fourth, fifth, or further generation computer languages. Also included are
database and other data schemas, and any other meta-languages. No distinction is made between
languages which are interpreted, compiled, or use both compiled and interpreted approaches. No
distinction is madc between compiled and source versions of a program. Thus, reference to a
program, where the programming language could exist in more than one state (such as source,
compiled, object, or linked) is a reference to any and all such states. Reference to a program may
encompass the actual instructions and/or the intent of those instructions.

[0090] It should be understood that the foregoing description is only illustrative of the

present disclosure. Various alternatives and modifications can be devised by those skilled in the

art without departing from the disclosure. Accordingly, the present disclosure is intended to
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embrace all such alternatives, modifications and variances. The aspects described with reference
to the attached drawing figures are presented only to demonstrate certain examples of the
disclosure. Other elements, steps, methods, and techniques that are insubstantially different [rom
those described above and/or in the appended claims are also intended to be within the scope of

the disclosure.
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CLAIMS

‘What is claimed is:

1. A system for identifying potential bullying comprising:
a sound detector configured to provide samples of sounds over time;
a processor; and
a memory storing instructions which, when executed by the processor, cause the system
to:
determine that a noise event has occurred by processing the samples to determine
that the sounds exceed a sound level threshold over a time period that exceeds a time period
threshold,
process the samples (o provide [requency spectrum information of the noise event,
determine whether the noise event is a potential bullying occurrence based on
comparing the frequency spectrum information of the noise event and at least one frequency
spectrum profile, and
initiate a bullying notification in a case of determining that the noise event is a

potential bullying occurrence.

2. The system according to claim 1, wherein the instructions, when executed by the processor,
further cause the system to:
cause the sound detector to provide samples of sounds in a learning mode in absence of

any bullying occurrence; and
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determine at least one of the sound level threshold or the time period threshold based on

the samples of sounds from the learning mode.

3. The system according to claim 2, wherein the samples of sounds in the learning mode reflect
non-bullying conversation, and

wherein the instructions, when executed by the processor, further cause the system to set
at least one of the sound level threshold or the time period threshold so as to exclude the non-

bullying conversation from the learning mode as a noise event.

4. The system according to claim 2, wherein the samples of sounds in the learning mode reflect
non-bullying sounds, and

wherein the instructions, when executed by the processor, [urther cause the sysiem Lo set
at least one of the sound level threshold or the time period threshold so as to exclude at least one

of the non-bullying sounds from the learning mode as a noise event.

5. The system according to claim 4, wherein the sound level threshold and the time period
thrcshold qualify at Icast onc other of the non-bullying sounds from the Icarning modc as a noisc

event.

6. The system according to claim 5, wherein in determining whether the noise event is a

potential bullying occurrence, the instructions, when executed by the processor, cause the system

to determine whether the noise event is a potential bullying occurrence based on comparing the

32

CA 03176352 2022-10-20



WO 2021/216493 PCT/US2021/028072

frequency spectrum information of the at least one other of the non-bullying sounds and the at

least one frequency spectrum profile.

7. The system according to claim 1, wherein in determining that the noise event is a potential
bullying occurrence, the instructions, when executed by the processor, cause the system to
determine that the frequency spectrum information of the noise event includes frequency

dominance between 100 Hz and 10 kHz.

8. The system according to claim 7, wherein the frequency dominance between 100 Hz and 10

kHz includes a frequency profile between 100 Hz and 10 kHz having a triangular shape.

9. The system according (o claim 1, wherein in comparing the [requency spectrum information
of the noise event and the at least one frequency spectrum profile, the instructions, when
executed by the processor, cause the system to compare the frequency spectrum information of

the noise event to a frequency spectrum profile having substantially uniform frequency profile.

10. The system according to claim 9, wherein the instructions, when cxccuted by the processor,
further cause the system to not initiate a bullying notification in a case of determining that the
frequency spectrum information of the noise event matches the substantially uniform frequency

profile.

11. A method for identifying potential bullying comprising:

accessing samples of sounds over time provided by a sound detector;
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determining that a noise event has occurred by processing the samples to determine that
the sounds exceed a sound level threshold over a time period that exceeds a time period threshold;

processing the samples Lo provide [requency spectrum information of the noise event;

determining whether the noise event is a potential bullying occurrence based on
comparing the frequency spectrum information of the noise event and at least one frequency
spectrum profile; and

initiating a bullying notification in a case ol determining that the noise event is a potential

bullying occurrence.

12. The method according to claim 11, further comprising:

causing the sound detector to provide samples of sounds in a learning mode in absence of
any bullying occurrence; and

determining at least one of the sound level threshold or the time period threshold based

on the samples of sounds from the learning mode.

13. The method according to claim 12, wherein the samples of sounds in the learning mode
rcflect non-bullying conversation, the method further comprising:
setting at least one of the sound level threshold or the time period threshold so as to

exclude the non-bullying conversation from the learning mode as a noise event.

14. The method according to claim 12, wherein the samples of sounds in the learning mode

reflect non-bullying sounds, the method further comprising:
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setting at least one of the sound level threshold or the time period threshold so as to

exclude at least one of the non-bullying sounds from the learning mode as a noise event.

15. The method according to claim 14, wherein the sound level threshold and the time period
threshold qualify at least one other of the non-bullying sounds from the learning mode as a noise

event.

16. The method according to claim 15, wherein determining whether the noise event is a
potential bullying occurrence includes determining whether the noise event is a potential
bullying occurrence based on comparing the frequency spectrum information of the at least one

other of the non-bullying sounds and the at least one frequency spectrum profile.

17. The method according to claim 11, wherein determining that the noise event is a potential
bullying occurrence includes determining that the frequency spectrum information of the noise

event includes frequency dominance between 100 Hz and 10 kHz.

18. The mcthod according to claim 17, wherein the frequency dominance between 100 Hz and

10 kHz includes a frequency profile between 100 Hz and 10 kHz having a triangular shape.

19. The method according to claim 11, wherein comparing the frequency spectrum information
of the noise event and at least one frequency spectrum profile includes comparing the frequency
spectrum information of the noise event to a frequency spectrum profile having substantially

uniform frequency profile.
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20. The method according to claim 11, further comprising not initiating a bullying notification
in a case ol determining that the [requency spectrum information ol the noise event matches the

substantially uniform frequency profile.

21. A method for identifying excessive machine noise, comprising:
accessing samples of sounds over time provided by a sound detector;
determining that noise events have occurred based on processing the samples;
for each noise event:
processing the samples associated with the noise event to provide frequency
spectrum information of the noise event, and
determining whether the noise event is a machine generated sound occurrence
based on comparing the frequency spectrum information of the noise event and at least one
frequency spectrum profile; and
initiating a discomfort notification in a case of the noise events indicating excessive

machine noise based on at least one of a threshold or a criterion.

22. The method according to claim 21, further comprising:

causing the sound detector to provide samples of sounds in a learning mode in absence of
machine generated sound occurrence; and

determining at least one of a sound level threshold or a time period threshold based on the

samples of sound levels from the learning mode,
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wherein each noise event is identified based on at least one of the sound level threshold

or the time period threshold.

23. The method according to claim 22, wherein the samples of sounds in the learning mode
reflect human conversation, the method further comprising:
setting at least one of the sound level threshold or the time period threshold so as to

exclude the human conversation (rom the learning mode as a noise evenlt.

24. The method according to claim 23, wherein determining whether the noise eventis a
machine generated sound occurrence includes comparing the frequency spectrum information of

the noise event with a frequency spectrum information of the human conversation.

25. The method according to claim 21, wherein determining whether the noise eventis a
machine generated noise occurrence includes determining that the frequency spectrum

information of the noise event includes frequency dominance between 100 Hz and 20 kHz.

26. The mcethod according to claim 25, wherein the frequency dominance between 100 Hz and

10 kHz includes a frequency profile between 100 Hz and 10 kHz having a triangular shape.

27. The method according to claim 21, wherein comparing the frequency spectrum information
of the noise event and the at least one frequency spectrum profile includes comparing the
frequency spectrum information of the noise event to a frequency spectrum profile having

substantially uniform frequency profile.
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28. The method according to claim 21, further comprising not initiating a discomfort notification
in a case of the noise events indicating acceptable machine noise based on at least one of the

threshold or the criterion.
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