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SYSTEM AND METHOD FOR DROWNING DETECTION

FIELD OF THE INVENTION

The present invention relates to a system and method for the detection of
drowning within a body of water, and in particular, to such a system wherein the
detection is provided by processor implemented signal processing of acoustic

signals from within the body of water.

BACKGROUND OF THE INVENTION

Drowning can occur in any body of water or the like environments such as
a pool, lake, sea, ocean and even a bathtub. Drowning does not necessitate that the
person does not know how to swim, other factors may come into play that lead to
drowning, such as head trauma, orientation loss, disorientation and loss of
consciousness.

Children of ages 2-9 are the high risk group for fatal drowning. Daily
drowning statistics in the USA show that there are about 160 drowning incidents of
which 120 receive first aid, 40 are hospitalized; 15 recover, 15 suffer irreversible
damage and 10 are fatal cases.

Various forms of floatation devices and detections devices exist that
function based on individual wearing protective gear such as life vests, floaties,
swim rings, variously shaped inflatable floatation devices.

US Patent Publication No. 2013/0328683 to Sitbon et al, teaches a wearable
device for drowning detection based on signal processing specific of a an
individual wearing the device.

US Patent No. 6,111,510 to Coffelt, discloses a system for underwater
drowning detection system that is based on the presence and absence of a sound

wave of a bodily function.

SUMMARY OF THE INVENTION

There is an unmet need for, and it would be highly useful to have a system
and method capable of identifying a drowning incident occurring within a body of
water while identifying and communicating the location of the drowning victim.

Preferably the location of the individual is communicated to emergency respondents
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such as lifeguards, medical practitioners, or the like individuals and/or automated
devices capable of treating or responding to such emergency events.

Embodiments of the present invention provide for detection of drowning
incident by utilizing a system configured to monitor a body of water while listening
for and detect an acoustic signature that is correlated with drowning. In
embodiments, when such a drowning acoustic signature is detected an alarm state
protocol is implemented. The alarm state preferably includes at least one of
sounding and alarm, alerting competent first respondents, alerting emergency
services, the like or any combination thereof.

In embodiments they system further provides for identifying the location of
the drowning victim by identifying the location of the source of the acoustic
signature.

In embodiments the system comprises an array of hydrophones that are
submerged within a body of water that is being monitored. The hydrophone array
is functionally linked to a processing device for performing digital signal
processing and analysis of the acoustic signal provided by the hydrophone array.
In embodiments the signal processing and analysis provide for detecting an
acoustic signature indicative of drowning.

In embodiments the system may further comprise additional sensors that
may be utilized to improve signal to noise ratio. For example a microphone may
be placed external the body of water to determine background noise. For example,
in a pool setting a microphone may be placed near the pool's water-pump and filter
providing additional data of the surrounding noise.

In embodiments the system may further comprise additional submersible
and/or under water sensors to improve signal to noise ratio from noise emanating
from within the body of water being monitored. Such an underwater sensor
module may comprises sensors for example including but not limited to movement
sensor, accelerometer, gyro sensor, depth sensor, pressure sensor, temperature
sensor, pH sensor, camera, optical sensor, the like, or any combination thereof
configured to be submersible within the monitored body of water.

In embodiments the system may further be in communication with or
functionally associated with at least one or more auxiliary devices for
communicating an alarm state and/or sounding an alarm state. An auxiliary device

may for example include but is not limited to a horn, an alarm, a communication
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device, a mobile communication device, a server, a first respondent call center,
emergency services call center, the like or any combination thereof.

The system and method of the present invention preferably provides a safety
measure against accidental drowning within an aqueous environment such as a pool,
lake, ocean or the like body of water.

In embodiments the hydrophone array comprising a plurality of
hydrophones may be distributed and/or arranged within the monitored body of
water in any manner so as to provide sufficient coverage of the entire area of the
body of water. For example the hydrophone array may be arranged in a grid
arrangement, a concentric arrangement, a triangulation arrangement, single layer
arrangement, multi-layered (depth) arrangement, the like or any combination
thereof.

In some embodiments the hydrophone array may be arranged in a planar
grid-like manner along a lower surface of the body of water, for example a
swimming pool.

In some embodiments the hydrophone array may be arranged in multilayer
arrangement wherein hydrophones are placed along a lower surface and along at
least one or more side (wall) surface. For example, a first hydrophone array
arrangement along the bottom surface of a pool and a second hydrophone array
arrangement along the height of at least one or more walls of a pool.

In embodiments the hydrophones may be placed at a distance (d) from the
walls and/or edges of a pool defining the body of water being monitored. distance d
confirmed so as to ensure the quality of the acoustic signal bine monitored ad so as
to reduce and/or circumvent any echo and/or reflection effect that may arise by
placement of hydrophone along the edge of the body of water for example a pool
wall.

In embodiments placement of each hydrophone is preferably provided with a
unique location specific address for example a GPS address and/or coordinates.
Preferably the unique hydrophone address is provided to facilitate identification and
localization of the source of the drowning event within the body of water and to
further provide for communicating the location of a drowning victim within the
body of water. Optionally location is communicated to an auxiliary device and/or

system as previously described and identifiable on a map.
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In embodiments, individual hydrophones forming the hydrophone array may
be further associated with a local sensor and/or transducer, for example including
but not limited to a pH sensor and/or a temperature sensor, a light source,
accelerometer, the like or any combination thereof. More preferably individual
hydrophones may be associated with and/or adjacent to a temperature sensor to
determine the ambient water temperature. In some embodiments a selective portion
of the hydrophones array will be fit and/or functionally associated with a
temperature sensor.

In embodiments the hydrophone array may be formed from a plurality of
individual hydrophones that are functionally coupled with the processing center
and/or device in a wired or wireless manner. Accordingly the hydrophones may be
wireless and/or wired hydrophones that are functionally coupled and operational
with the processing center and/or device.

In embodiments the processing center provides for implementing a
proprietary processor mediated signal processing method of the acoustic signals
received from the hydrophone array in order to monitor, detect and locate a
drowning incident within a body of water.

In embodiments the processor mediated signal processing method comprises
performing filtering and analysis in the frequency domain to identify a unique
acoustic signature indicative of a drowning individual. The acoustic signature is
identifiable and within a specific frequency band from about 200Hz up to about
1200 Hz.

In embodiments, the processing center preferably comprises and/or is
functionally associated with an acoustic signature bank and/or library and/or
database of a pre-classified drowning acoustic signature signals that will preferably
facilitate the process of the identification and analysis of the acoustic signals
obtained from the hydrophone array.

Most preferably the acoustic signature is associated with acoustic waves
generated by a drowning individual during a drowning event. The drowning sound
may be explained on the basis of known anatomical defense reflexes that together
are implemented to try to prevent entry of water or unwanted substance into the
upper and lower respiratory system. These reflexes include a laryngospasm and a
cough reflex that are known to be activated by irritant receptors that are located

mainly on the wall of the trachea, pharynx, and carina, or by stimulation of the
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auricular branch (Arnold's reflex via internal laryngeal nerve). When both reflexes
are triggered, axonal impulses of the vagus nerve begin a chain reaction that reaches
the medulla, with efferent back in to respiratory system (glottis, vocal cords,
diaphragm, intercostal muscles) is observed. A combination of these reflexes
activate a blocking and/or repelling defensive actions to prevent water, or the like
foreign object, from entering the respiratory system, and in turn gives rise to the
unique drowning acoustic signature, monitored by the system and method defining
embodiments of the present invention.

In embodiments, the processing center provides for identifying the location
of the drowning incident by processing digital data received from the hydrophone
array by utilizing a phase control processing techniques to generate a directional
beam emanating from select hydrophones so as to determine and map the location
of the drowning incident relative to the hydrophone array placement.

Within the context of this application the term hydrophone refers to an
underwater microphone adept at obtaining acoustic signals under water. Any form
of a hydrophone as is known in the art may be utilized.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of a single embodiment,
may also be provided separately or in any suitable sub-combination or as suitable
in any other described embodiment of the invention. Certain features described in
the context of various embodiments are not to be considered essential features of
those embodiments, unless the embodiment is inoperative without those elements.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations that fall within the
scope of the appended claims.

Citation or identification of any reference in this application shall not be
construed as an admission that such reference is available as prior art to the
invention.

Section headings are used herein to ease understanding of the specification

and should not be construed as necessarily limiting.
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Unless otherwise defined the various embodiment of the present invention
may be provided to an end user in a plurality of formats, platforms, and may be
outputted to at least one of a computer readable memory, a computer display
device, a printout, a computer on a network or a user.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. The materials, methods, and examples provided
herein are illustrative only and not intended to be limiting.

Implementation of the method and system of the present invention involves
performing or completing certain selected tasks or steps manually, automatically, or
a combination thereof. Moreover, according to actual instrumentation and
equipment of preferred embodiments of the method and system of the present
invention, several selected steps could be implemented by hardware or by software
on any operating system of any firmware or a combination thereof. For example, as
hardware, selected steps of the invention could be implemented as a chip or a
circuit. As software, selected steps of the invention could be implemented as a
plurality of software instructions being executed by a computer using any suitable
operating system. In any case, selected steps of the method and system of the
invention could be described as being performed by a data processor, such as a
computing platform for executing a plurality of instructions.

It should be noted that optionally any device featuring a data processor
and/or the ability to execute one or more instructions may be described as a
computer, including but not limited to a PC (personal computer), a server, a
minicomputer, a cellular telephone, a smart phone, a PDA (personal data assistant),
a pager, or the like. Any two or more of such devices in communication with each
other, and/or any computer in communication with any other computer may

optionally comprise a "computer network".

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to
the accompanying drawings. With specific reference now to the drawings in detail,
it is stressed that the particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only,

and are presented in order to provide what is believed to be the most useful and
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readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the
invention in more detail than is necessary for a fundamental understanding of the
invention, the description taken with the drawings making apparent to those skilled
in the art how the several forms of the invention may be embodied in practice.

In the drawings:

FIG. 1 is a schematic block diagram of a system for drowning detections
according to an embodiment of the present invention;

FIG. 2 is a schematic flow chart showing a method for identifying a
drowning incident with the system according to the present invention;

FIG. 3 is a schematic illustration of a swimming pool fit with the system for
drowning detection according to an embodiment of the present invention;

FIG. 4 is a schematic block diagram of a system and method
implementation for drowning detections according to an embodiment of the present
invention.

FIG. 5A-B are schematic graphical illustrations of and acoustic signal
obtained with the system according to an embodiment of the present invention;
FIG. 5A shows filtered raw signals, in the time domain, obtained from the
hydrophone array; FIG. 5B shows the signal in the frequency domain following
signal processing that identifies a drowning acoustic signature in the range between

200 Hz and 1200 Hz.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The principles and operation of the present invention may be better
understood with reference to the drawings and the accompanying description.

The following figure reference labels are used throughout the description to
refer to similarly functioning components are used throughout the specification
hereinbelow.

10 monitored body of water;

12 pool systems;

20 auxiliary device;

100 monitoring system ;

102 hydrophone array;

104 processing center;
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105  alarm signal;

106  external environmental sensor;

108  in-water auxiliary sensor module; ;
110 signal processing module;

112 adaptive filter;

114 frame splitter;

116  frequency analysis;

118  signature library;

120 beam forming phase control module;
122 decision logic module;

124 alarm state module;

130 electronics/circuitry module;

132 microprocessor sub-module;

134 power sub-module;

136  communication sub-module;

138  memory sub-module;

Referring now to the drawings, FIG. 1 is a schematic block diagram of
system 100 provided for monitoring a body of water for a drowning event, by
implementing a processor mediated signal processing method for detecting a
drowning event and altering of the same.

System 100 comprises a hydrophone array 102 including a plurality of
hydrophones (102, ,) including 'n' hydrophones where 'n’' is at least four (n>4) that
are submerged in the body of water being monitored, and a processing center 104
that provides processor mediated signal processing of the acoustic signals provided
by the hydrophone array 102 so as to detect the drowning event.

In embodiments the hydrophone array 102 may take any form where the
plurality of hydrophones may be distributed and/or arranged within the monitored
body of water in any manner so as to provide sufficient coverage of the entire area
of the body of water that is to be monitored.

For example the hydrophone array 102 may be arranged in a grid
arrangement, a concentric arrangement, a triangulation arrangement, single layer
arrangement, multi-layered (depth) arrangement, the like or any combination

thereof.
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In some embodiments the hydrophone array 102 may be arranged in a planar
grid-like manner along and/or adjacent to a lower surface of the body of water, for
example a swimming pool. For example in a non-limiting embodiment array 102
may be disposed along the swimming pool floor. For example, in a non-limiting
embodiment array 102 may be disposed adjacent to a swimming pool floor and/or
wall wherein individual hydrophones forming array 102 may be placed at a distance
(d) above the swimming pool floor itself such that the hydrophones are suspended
near the floor but not on the floor itself. In some embodiments distance (d) may be
in the order of a few centimeters for example up to about 15 cm from the swimming
pool floor.

In some embodiments the hydrophone array may be arranged in multilayer
arrangement wherein hydrophones are placed along a lower surface and along at
least one or more side (wall) surface. For example, a first hydrophone array
arrangement may be placed along the bottom surface of a pool and a second
hydrophone array arrangement along the height of at least one or more walls of a
pool.

For example, a hydrophone array 102 disposed within a swimming pool may
comprise at least four hydrophones 102n, that are organized in a grid-like manner,
and distributed in two rows, wherein each row is disposed on the pool's floor and
near the pool's wall, that is along opposite junctions of the pool's long edge. A first
row disposed adjacent to the bottom of the left pool wall and a second row of
hydrophones disposed opposite the first row, and placed adjacent to the bottom of
the right pool wall.

For example in a non-limiting embodiment array 102 may be disposed along
the swimming pool floor and/or side walls wherein individual hydrophones forming
array 102 may be placed at a distance (d) from the wall and/or floor of the
swimming pool such that the hydrophones are suspended near the floor and/or wall.
In some embodiments distance (d) may be in the order of a few centimeters for

example up to about 15 cm from the swimming pool wall and/or floor.

In embodiments the number of individual hydrophones 102n will be a
function of the pool's dimensions. For example, a hydrophone may be placed at set

intervals of about 1 meter and up to about 3 meters along the pool's length.
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In embodiments placement of each hydrophone is preferably provided with a
unique location specific address for example a GPS address and/or geographical
coordinates. Preferably the unique hydrophone address is provided to facilitate
communicating the location of a drowning incident and/or victim within the body of
water. Optionally the location is communicated to an auxiliary device 20 and/or
system and wherein the location is identifiable on a map.

In some embodiments system 100 may optionally further comprise a non-
aqueous sensor module 106. Sensor module 106 provides for improving the signal
to noise ratio of the acoustic signals picked up by the hydrophone array 102.

Sensor module 106 may comprise at least one or more microphone that are placed
external the body of water to determine background noise sensed within the body
of water.

For example, in an optional system 100 that is utilized in a pool setting, a
microphone 106 may be placed adjacent to the pool's machine room to pick up
acoustic signal emanating from the pool's water-pumps and filters providing so as
to identify their contribution to noise and/or acoustic signals sensed by the
hydrophone within the body of water. Such data may be utilized by system 100 to
improve signal to noise ratio by provide additional data of potential environmental
noise in and around the body of water. A further example, an external microphone
may be placed to monitor above ground sounds in the perimeter of the body of
water, for example a swimming pool, to improve signal to noise ratio where noise
generated above the water surface may be removed and/or accounted for when
monitoring and/or listing for an in water drowning acoustic signature signal. For
example, noise generated by kids splashing and playing above the water surface
that is received and/or picked up by the underwater hydrophone array 102 may be
filtered out and/or accounted for and/or recognized as noise, so as to improve
signal to noise ratio of the hydrophone signal.

In some embodiments system 100 may be further fit with an auxiliary in-
water sensor module 108, including at least one or more submerged and/or
underwater sensors and/or transducer to facilitate and/or improve the hydrophone
signal. Such additional submersible and/or under water sensors 108 is provided to
improve signal to noise ratio from noise emanating from within the body of water
being monitored. Such an underwater sensor module 108 may comprise sensors

for example including but not limited to movement sensor, accelerometer, gyro
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sensor, depth sensor, pressure sensor, temperature sensor, pH sensor, camera,
optical sensor, light the like, or any combination thereof configured to be
submersible within the monitored body of water.

Processing center 104 is a processing and communication device that
provides for undertaking the communication and signal processing required to
identify an acoustic drowning signature signal obtained with hydrophone array 102.
Processing center 104 implements a processor mediated method (FIG. 2) for
identifying the acoustic drowning signature signal.

In embodiments processing center 104 may disposed within the body of
water and/or external to the body of water being monitored. In some embodiments
processing center may be formed from a plurality of sub-modules wherein a some
sub-modules are within the body of water and some sub-modules are external to the
body of water.

In embodiments processing center 104 may be functionally associated with
the hydrophone array in a wired or wireless manner. Accordingly the hydrophone
array 102 may be wireless hydrophones and/or wired hydrophones that are
functionally coupled and operational with the processing center and/or device 104.

Processing center 104 comprises a signal processing module 110 and an
electronics/circuitry module 130 that provide for identifying an acoustic drowning
signature signal within the body of water and implementing an alarm procedure
and/or state once the drowning incident is identified and including generating and
communicating an alarm signal 105.

Signal processing module 110 preferably provides for implementing the
processor mediated method for identifying the acoustic drowning signature signal
form the acoustic signals provided by hydrophone array 102, greater detail provided
in FIG. 4.

Electronics/circuitry module 130 preferably provides the hardware and/or
software necessary to implement the processing and communication necessary to
monitor the body of water to identify a drowning acoustic signature.

Electronics/circuitry module 130 comprises a microprocessor sub-module
132, a power sub-module 134, a communication sub-module 136, a memory sub-

module 138, the like or any combination thereof.

11
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In embodiments processor sub-module 132 provides the necessary
processing hardware and/or software necessary to render processing center 104
functional and/or to render system 100 functional.

In embodiments power sub-module 134 provides the necessary hardware
and/or software to power processing center 104 and/or system 100.

In embodiments communication sub-module 136 provides the necessary
hardware and/or software to facilitate communication for system 100 with auxiliary
devices 20 and/or the hydrophone array 102.

In embodiments memory sub-module 138 provides the necessary hardware
and/or software to facilitate operations of system 100 and/or processing center 104.

In embodiments system 100 is preferably in communication with or
functionally associated with at least one or more auxiliary devices 20 for
communicating an alarm signal 105 indicative of an alarm state and/or sounding an
alarm state.

An auxiliary device 20 may for example include but is not limited to a horn,
an alarm, a communication device, a mobile communication device, a server, a first
respondent call center, emergency services call center, the like or any combination
thereof. Optionally, an auxiliary device 20, for example a mobile communication
device such as a smartphone, may be fit with necessary software and/or dedicated
application (app) to receive an alarm state signal 105.

In some embodiments system, the hydrophone array 102 may be formed
from a plurality of sub-arrays that are associated with processing center 104. For
example to cover a large body of water a plurality of sub-arrays may be utilized
with a single processing center 104.

In embodiments a hydrophone array and/or sub-array may be embedded in
a flexible platform and/or housing that maintains the arrangement of the individual
hydrophone forming the array and/or sub-array. For example, such a housing
and/or flexible platform may be a vinyl surface that is embedded with individual
hydrophones and submerged within the body of water being monitored.

In embodiments, the flexible platform and/or housing may be functionally
coupled with processing center 104 by wiring or wireless communication.

In embodiments, the housing and/or platform of the hydrophone array 102
and/or sub-array may further comprise a local electronics and circuitry module

comprising a power source sub-module, processor sub-module, memory sub-
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module, and communication sub-module, and wherein the local electronics and
circuitry module is functionally coupled with the processing center 104 by way of a
wireless communication protocol and/or hard wiring.

In embodiments the platform and/or housing may be a flexible water

impermeable material, for example including but not limited to vinyl.

In embodiments, individual hydrophones (102n) forming the hydrophone
array 102 may be further associated with a local sensor and/or transducer, for
example including but not limited to a light source, a pH sensor, a temperature
sensor, and/or an accelerometer, the like or any combination thereof.

In embodiments individual hydrophones (102n) may be fit with a
temperature sensor to determine the temperature in and around the individual
hydrophone (102n) and the hydrophone array (102). In particular, such a
temperature sensor could facilitate signal processing of the sound recorded with the
hydrophones.

In embodiments individual hydrophones (102n) may be fit with an
accelerometer to aid in signal processing, and in particular to improve on signal to
noise ratio of the acoustic signal provided by array 102 and/or individual
hydrophones 102n.

In embodiments individual hydrophones 102n may be fit with and or
disposed adjacent to a light source, for example a Light Emitting Diode (LED). In
embodiments, the LED adjacent to a hydrophone 102n may be a multi-color (RGB)
LED. In embodiments system 100 may be configured to activate the light source
selectively only if a drowning incident is sensed. In embodiments, only the lights
adjacent to the location of the drowning event are activated so as to readily identify
the location of the drowning incident.

In embodiments, the wavelength of the light source may be selected and/or
lit according to its proximity to the drowning event, therein acting to facilitate as a
locating and/or honing signal to identify the location of the drowning event, in
particular such is advantageous at night or dark environment. For example, light
closest to the drowning event/location may be selectively lit as Red while those

light that are further away from the drowning event/location may be lit as Blue.
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FIG. 2 shows a flow chart of a method for identifying a drowning event by
way of identifying an drowning acoustic signature within a body of water, for
example a swimming pool, that is fit with and monitored with system 100.

First in stage 200, real time acoustic signals are received from the
hydrophone array 102 disposed within the body of water being monitored. The
acoustic data is communicated to and delivered to processing center 104 for
processing substantially in real time.

Next in an optional stage 201, the raw data obtained undergoes beam
forming via a phase control module 120 where each hydrophone 102n comprising
the hydrophone array 102 is utilized to form a plurality of directional acoustic
beams in a manner that will cover the area defined by the hydrophone array 102 and
the volume of the body of water being monitored. Preferably beam forming
facilitates locating the drowning event as will be described below in optional stage
205. In embodiments the phase control module 120 will apply variable phase
control shifts to individual hydrophones (102n) of the hydrophone array 102 so as
to cover the entire monitored body of water.

Next in stage 202, processing center 104 and more preferably signal
processing module 110 applies noise reduction filtering so as to clean the
hydrophone acoustic signal allowing further processing of the signal. Preferably the
filter applied may be applied directly to the data provided by array 102 as well as
additional environmental data provided from external sensor module 106. Filtering
may for example include adaptive filtering or the like filtering as is known in the
art.

Next in stage 204, further signal processing techniques are implemented on
the clean signal to identify the drowning acoustic signal within the body of water
and an alarm signal 105 is generated. Preferably such signal processing techniques
comprise filtering, frame splitting, frequency domain analysis, artificial intelligence
decision support analysis, signal decimation, down sampling, up sampling,
interpolation, determination of minimum and/or maximums, identifying harmonics,
wavelet analysis, power analysis, signal differentiation, signal compression, signal
decompression, transformations, regression analysis, or the like as is known in the
art.

Next in optional stage 205, if a drowning acoustic signature signal is

identified, the processing module further identifies the location of the individual
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hydrophones (102n) that generated and/or picked up and/or are involved in the
identification of the drowning signature signal, so as to identify the location of the
suspect drowning event. Optionally and preferably during an alarm state preferably
the drowning incident location is identified and communicated.

In embodiments, determining the location of the suspect drowning event
may comprise: providing individual hydrophones (102n) with an address in the
form of a geographical coordinates (GPS coordinates), preferably an address is
provided during installation of system 100; next determine from the acoustic data
which of the hydrophones are involved in generating the acoustic drowning
signature signal; finally, cross reference the hydrophones involved in generating the
signature signal with the hydrophone's geographical coordinate address to define
area of drowning event.

Next in stage 206, alarm state signal 105 is communicated to at least one or
more auxiliary device 20 associated with system 100, to undertake an alarm state
protocol. Optionally and preferably an alarm state signal 105 may further comprise
the location of the drowning event based on location identified in optional stage

205. Preferably the location is provided in the form of geographical coordinates.

FIG. 3 shows a schematic illustration of system 100 as implemented in an
in-ground swimming pool 10 setting. As seen hydrophone array 102 comprises a
plurality of individually hydrophones 102a, 102b, 102n is disposed along a lower
surface of the pool, forming a grid-like coverage of the pool floor. Array 102 is
functionally linked and/or associated with processing center 104 shown as being
above ground.

System 100, shows pool systems and/or machine rooms 12, comprising
filter and pumps, that are fit with an optional sensor 106 that is functionally coupled
with processing center 104. Preferably processing center 104 can apply adaptive
filters to data received from sensor 106 so as to improve the signal to noise ratio
received form array 102.

As shown, system 100 and in particular processing center 104 is further
functionally associated with an auxiliary device 20 for receiving an alarm state
signal 105 that may be communicated from processing center 104.

While FIG. 3 depicts implementation of system 100 with a built-in

swimming pool 10, system 100 is not limited to such implementation and may be
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utilized in any body of water having a defined and/or definable monitoring area.
Such a body of water may for example include but is not limited to at least one or
more of an above ground swimming pool, a defined area within a lake, a defined
area within a body of water, a defined area within an ocean, a defined area within a
sea, a walter reservoir, a water tank, an artificial lake, a canal, a bathtub, a Jacuzzi or
the like.

FIG. 4 show a further depiction of system 100 showing processing module
110 in greater detail. As shown, acoustic signals from at least one of array 102
and/or sensor 106 are provided to and/or communicated to processing center 104.

In embodiments the, raw acoustic signals from array 102 are communicated
to a beam forming phase control module 120 generating directional data set from
the hydrophone data provided by array 102.

In embodiments module 120 is utilized to form a plurality of directional
acoustic beams in a manner that will cover the area defined by the hydrophone array
102 and the volume of the body of water being monitored. Preferably such beam
forming facilitates locating the drowning event relative to the location of the
hydrophones.

In embodiments the phase control module 120 will apply variable phase
control shifts to individual hydrophones (102n) of the hydrophone array 102 so as
to form beams that will cover the entire monitored body of water.

Preferably the acoustic directional data set and the external sensor data 106
is communicated to signal processing module 110 to undertake and perform data
filtering with an adaptive filter module 112, frame splitting with frame splitting
module 114, and to perform frequency analysis with frequency analysis module
116. All provided to identify an acoustic signature signal that is associated with a
drowning event. More preferably the acoustic signature has an identifiable
frequency band from about 200 Hz and up to about 1200 Hz and optionally up to
about 1500 Hz.

The processed data is then provided to decision logic module 122 and/or
automated classifier provided that facilitate identifying and/or classifying the signal
into a drowning signal or not. Preferably the decision module 122 is rendered with
reference to a bank and/or library and/or database 118 comprising a plurality of pre-

classified drowning signatures and/or drowning signal criteria. In some
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embodiments, module 122 may further be provided with artificial intelligence and
learning capabilities and able to identify and learn drowning incident over time.

If module 122 positively identifies a drowning incident an alarm state
protocol module 124 is implemented. Preferably module 124 generates alarm
signal 105 and communicates it to the appropriate auxiliary devices 20, as
previously described. More preferably module 124 further communicates the
location of the drowning event relative to the location of the hydrophone nearest the

drowning incident.

FIG. 5A shows an example of a time domain acoustic signal of a drowning
incident as provided by a hydrophone array 102 prior to classification however
following adaptive filtering. The signal shown in FIG. 5A does not implicitly show
specific signals that are identifiable with a drowning incident, therefore a signature
is not readily identifiable from the time domain signal.

FIG. 5B shows the signal depicted in FIG. 5A, following frequency domain
processing where an acoustic signature associated with drowning is visible with
frequency bands that are identifiable in the 200Hz to 1500Hz.

This acoustic signature is believed to be associated with acoustic waves
generated by the body during a drowning event. The drowning sound may be
explained on the basis of known anatomical defense reflexes that together are
implemented to try to prevent entry of water or unwanted substance into the upper
and lower respiratory system. These reflexes include a laryngospasm and a cough
reflex that are known to be activated by irritant receptors that are located mainly on
the wall of the trachea, pharynx, and carina, or by stimulation of the auricular
branch (Arnold's reflex via internal laryngeal nerve). When both reflexes are
triggered, axonal impulses of the vagus nerve begin a chain reaction that reaches the
medulla, with efferent back in to respiratory system (glottis, vocal cords,
diaphragm, intercostal muscles) is observed. A combination of these reflexes
activates a blocking and/or repelling defensive actions to prevent water, or the like
foreign object, from entering the respiratory system, and in turn gives rise to the
unique drowning acoustic signature, monitored by embodiments of the present
invention.

While the invention has been described with respect to a limited number of

embodiment, it is to be realized that the optimum dimensional relationships for the
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parts of the invention, to include variations in size, materials, shape, form, function
and manner of operation, assembly and use, are deemed readily apparent and
obvious to one skilled in the art, and all equivalent relationships to those illustrated
in the drawings and described in the specification are intended to be encompassed
by the present invention.

Therefore, the foregoing is considered as illustrative only of the principles of
the invention. Further, since numerous modifications and changes will readily
occur to those skilled in the art, it is not described to limit the invention to the exact
construction and operation shown and described and accordingly, all suitable
modifications and equivalents may be resorted to, falling within the scope of the
invention.

Having described a specific preferred embodiment of the invention with
reference to the accompanying drawings, it will be appreciated that the present
invention is not limited to that precise embodiment and that various changes and
modifications can be effected therein by one of ordinary skill in the art without
departing from the scope or spirit of the invention defined by the appended claims.

Further modifications of the invention will also occur to persons skilled in
the art and all such are deemed to fall within the spirit and scope of the invention as
defined by the appended claims.

While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications and other

applications of the invention may be made.
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1)

2)

3)

4)

5)

6)

7)

8)

CLAIMS

What is claimed is:

A system for monitoring a body of water for a drowning incident, the system
comprising:

a) ahydrophone array module having a plurality of hydrophones submerged in
the body of water;

b) a processing center functionally associated with the hydrophone array module,
the processing center providing for performing signal processing analysis of
the signals obtained with the hydrophone array; the signal processing center
having a signal processing module configured for analyzing the hydrophone
signal to identify an acoustic signature indicative of a drowning incident, the
acoustic signature having a frequency band peak of up to 1500 Hz.

The system of claim 1 wherein said acoustic signature is frequency band having

peaks between 200Hz and 1200 Hz.

The system of claim 1 wherein said processing center is further configured to

identify the location of the drowning incident within the body of water relative to

the hydrophone array, the location identified by utilizing a phase control module
provided with said processing center.

The system of claim 3 wherein said phase control module generates an acoustic

beam data set from the data provided with said hydrophone array.

The system of claim 1 further comprising a non-aqueous sensor module

comprising at least one or more sensors placed external to the monitored body of

water.

The system of claim 5 wherein said body of water is a swimming pool and

wherein said sensor module comprises at least one microphone disposed in the

swimming pool's machine room; and wherein data from said microphone is
communicated to said processing center for adaptive filtering so as to reduce noise
from the data obtained from the hydrophone array.

The system of claim 1 further comprising an aqueous sensor module comprising at

least one or more sensors submerged within the body of water.

The system of claim 7 wherein said submerged sensor module comprises at least

one sensor selected from: movement sensor, accelerometer, gyro sensor, depth
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sensor, pressure sensor, temperature sensor, pH sensor, camera, optical sensor,
light sensor, or any combination thereof.

9) The system of claim 1 wherein said hydrophone array is arranged along at least
one of a lower surface or a side surface defining the body of water.

10) The system of claim 1 wherein said hydrophone array comprises a first
hydrophone array arrangement disposed along a lower surface (floor) of the body
of water and a second hydrophone array arrangement disposed along the height of
the body of water along at least one or more side wall surface.

11) The system of claim 1 wherein said body of water is a swimming pool.

12) The system of claim 11 wherein said swimming pool is an above ground
swimming pool.

13) The system of claim 12 wherein said hydrophone array is embedded and/or
incorporated within the material forming said above ground swimming pool.

14) The system of claim 13 wherein said material is vinyl.

15) The system of claim 13 wherein said hydrophone array is embedded along the
lower surface of said above ground swimming pool.

16) The system of claim 13 wherein said hydrophone array is embedded along a side
surface or side wall of said above ground swimming pool.

17) The system of claim 13 wherein said hydrophone array is embedded along both a
lower surface and a side surface of said above ground swimming pool.

18) The system of claim 11 wherein said swimming pool is a built in swimming pool.

19) The system of claim 11 wherein said hydrophone array is embedded or integrated
with at least one of the swimming pool floor or a side wall.

20) The system of claim 1 wherein said body of water is selected from a swimming
pool, lake, ocean, water reservoir, water tanks, artificial lake, canal.

21) The system of claim 1 further comprising a light source disposed adjacent to
individual hydrophones forming the hydrophone array.

22) The system of claim 21 wherein the light source is an LED.

23) The system of claim 22 is further associated with a submersible LED.

24) The system of claim 23 wherein said LED is a multi-color LED.

25) The system of claim 21 wherein said light source is configured to be activated

once a drowning incident is sensed.
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26) The system of claim 25 wherein the light wavelength of said light source is lit
according to its proximity to the drowning event.

27) The system of claim 1 wherein individual hydrophones are provided with a unique
address indicative of the hydrophone geographic location and location relative to
one another.

28) The system of claim 27 wherein said address is provided in the form of a GPS
address or GPS coordinates.

29) A system for acoustic monitoring of a body of water, the system comprising:

a) a flexible platform embedded with a hydrophone array module having a
plurality of hydrophones arranged about said platform, the platform
configured to be disposed internal to said body of water; and

b) a processing center functionally associated with said flexible platform, the
processing center providing for performing signal processing analysis of the
signals obtained with the hydrophone array; the signal processing center
having a signal processing module configured for analyzing the hydrophone
signal to identify an acoustic signature having a frequency band between
200Hz and 1200 Hz that is indicative of a drowning incident.

30) The system of claim 29 wherein said flexible platform is functionally coupled
with said processing center by wiring.

31) The system of claim 29 wherein said flexible platform is functionally coupled
with said processing center by way of wireless communication.

32) The system of claim 29 wherein said platform further comprises an electronics
and circuitry module, said module comprising a power source sub-module,
processor sub-module, memory sub-module, and communication sub-module, and
wherein said electronics and circuitry module is functionally coupled with said
processing center by way of a wireless communication protocol or hard wiring.

33) The system of claim 29 wherein said platform is a flexible water impermeable
material.

34) The system of claim 33 wherein said material is vinyl.

35) A processor implemented method for monitoring a body of water for a drowning
incident with an array of a plurality of hydrophones submerged within the
monitored body of water, the method including:

a) obtaining a real-time acoustic signal data set from the hydrophone array;
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b) implementing beam forming protocol by applying a phase control to said real-
time acoustic signal such that each of the hydrophones generate a directional
beam and said data set is transformed to ;

c) applying an adaptive filter to reduce noise from the transformed data set;

d) rendering a frame splitting protocol;

e) performing a frequency analysis to identify a drowning signature {requency
band indicative of a drowning event, the acoustic signature having a
frequency between 200Hz and 1200Hz;

f) comparing the filtered data to an acoustic signature library and rendering a
decision if a drowning event is occurring;

g) apply an alarm protocol if a drowning event is sensed.

36) The method of claim 35 further comprising a performing a locating sequence to
identify the origin of drowning signal for identifying the location of the drowning
incident by identifying the individual hydrophones from within said hydrophone

array that are involved in generating the acoustic signature.

37) The system of claim 1 wherein the hydrophone array is arranged adjacent to at
least one of a lower surface or a side surface defining the body of water, wherein
said hydrophone is disposed at a distance (d) from the lower surface or side
surfaces.

38) The system of claim 37 wherein the distance (d) is in the order of a few
centimeters.

39) The system of claim 37 wherein the distance (d) is up to 15 centimeters.

22



PCT/IL2018/051333
1/5

WO 2019/111256

¢ 'Ol 1914

(90¢ abe1s) a1elS WJee 8rediunIWo) (geL) | (o) || (we1) || (2E1)
W3 || WOD || mOd || NdD
............. — GOl
uOoI}ed0T7 aulwldle(
ot AN~ T (OL1) 8npoy\ Buissasoid [eubig

(t01) 481u80 BuISS8201d

(02 obeis) ainjeubis oisnooe

Buiumolp Apuapl 01 Buissasoid [eubig

-lIIIIIIIIIIIIIIIII—

I (801) 8INPOIN Josuag Arelixny |
|

(20z obess) Jayi4 Alddy _ (901) eINPOIN

(Goz abw1s) | /1 -4| (0€1) aInpoN AlndaiD/soiu0II09|g

........................ o |_ _iosuag (jewialxg) snosnby uon _ |
| (10z obels) !
S 195 Bleq buiuiio] weag | (u)2o! (@20} ()20}
t (02) (2ol) Aeuy isosuag auoydoipAH
(00z obeis) uonisinboe SadIne(d XNV (001) wolsAg

eleq Alosuas awi [eay




PCT/IL2018/051333

WO 2019/111256

2/5

= ant 1

_ooF_

( weisAs |ood)
cl

(02)
se0INn8 XNV




PCT/IL2018/051333

WO 2019/111256

3/5

¥0

(8TT)
Areaqn

aJnjeubis

?

(gLL) 18y
oAndepy

AN
Jands
awel

QL)
sisAjeuy
Aouanba.4

(0L1) 8npoy\ Buissaoold jeubig

I
I
I
c0l 1
I
I
ot 1l (oz))
'l emnpopy
cO} .“v |0JJU0D
1| @seud )
c0l 1| Buiwiog
1] weeg
20} ;
I
Aeny |
suoydoipAH “
j—======l
(901) .

A

(c21)
S|NPO
01607
uoIsIoa(

(vel)
S|NPO
olel1s
wiely




WO 2019/111256

PCT/IL2018/051333

4/5

me Domain

T

G‘BQFIG. 5A

0.25

£.20

.15
Seconds

Q.05

0.6

0.4+

.00

~ o ~
o’ o <

~0.4
0

apnduly PaziRUION



>

RN

WO 2019/111256

5/5

PCT/IL2018/051333

FIG. 5B

Freguency Don

B e s s
“ %m%ﬂ

»»»»» s a P

v P st b POPE P2

-
l

G40

0000
000 |

)

¥4

QQ

GRG0R

srridu

Q0

U

‘}i“\

38



INTERNATIONAL SEARCH REPORT International application No.

PCT/IL2018/051333

Al CLASSIFICATION OF SUBJECT MATTER
IPC (2019.01) GO8B 21/08

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC (2019.01) GOSB 21/08

Documentation searched other than minimum documertation to the extent that such docwments are inchuded in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Databases consulted: USPTO, Derwent Innovation

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

7

X US 2015161870 A1 PODLISKER STANISLAV 1-39
11 Jun 2015 (2015/06/11)
paragraphs [0022], [0023], [0029], [0031], [0032], [0036]-[0038]

A US 5043705 A ROOZ ELKANA 1-39
27 Aug 1991 (1991/08/27)
the whole document

A US 5091714 A DE SOLMINIHAC FRANCOIS 1-39
25 Feb 1992 (1992/02/25)
the whole document

D Further documents are listed in the continuation of Box C. See patent family anmex,

* cigl catecories of ol locutmenis: e s 5 . e L.
Special categories of cited documents: “T"  later document published after the infernational filing date or priozity

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited fo understand
to be of particular relevance the principle or theory underlying the invention

“g"  earlier application or patent but published on or after the “X” document of particular relevance; the claimed invention cannot be
international filing date considered novel or cannot be considered o involve an inventive

“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other

il z P “Y” document of particular relevance: the claimed invention car .
special reason (as specitied) Y” document of particular relevance; the claimed invention cannot be

o ! . . considered {o involve an inventtve step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being cbvious o a person skilled in the art

«“p”  document published prior to the international filing date but later

. . . “&” document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the intemational search report
03 Apr 2019 04 Apr 2019

Name and mailing address of the [SA: Authorized officer

Israel Patent Office MOSKOVICH Elad

Technology Park, Bldg.5, Malcha, Jerusalem, 9695101, Israel

Facsimile No. 972-2-5651616 Telephone No. 972-2-5651607

Form PCT/ISA/210 {second sheet) {Jannary 2615)



INTERNATIONAL SEARCH REPORT
[nformation on patent family members

International application No.

PCT/IL2018/051333
Patent docug;g;tcned search Publication date Patent family member(s) Publication Date

US 2015161870 Al 11 Jun 2015 US 2015161870 Al 11 Jun 2015
US 9508242 B2 29 Nov 2016
EP 2891141 Al 08 Jul 2015
EP 2891141 A4 09 Mar 2016
L 221729 A 27 Jun 2013
WO 2014037935 Al 13 Mar 2014

US 5043705 A 27 Aug 1991 US 5043705 A 27 Aug 1991

US 5091714 A 25 Feb 1992 US 5091714 A 25 Feb 1992
EP 0366538 Al 02 May 1990
FR 2638366 Al 04 May 1990

Form PCT/ISA/210 (patent family annex) (Jamary 2615)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

