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SYSTEMS AND METHODS FOR REMOTE MULTI-DIRECTIONAL BARK DETERRENCE

RELATED APPLICATIONS
This application claims the benefit of US Application No. 16/522,593, filed July 25,
2019.

TECHNICAL FIELD
The disclosure herein involves monitoring and deterring noise disturbances generated by

an animal.

BACKGROUND
A dog may from time to time generate noise disturbances including barking episodes.

Bark deterrence systems often use delivery of sound stimulus to deter this unwanted behavior.

INCORPORATION BY REFERENCE

Each patent, patent application, and/or publication mentioned in this specification is
herein incorporated by reference in its entirety to the same extent as if each individual patent,
patent application, and/or publication was specifically and individually indicated to be

incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a beam spread of an ultrasonic transducer, under an embodiment.

Figure 2 shows delivery of an ultrasonic signal to an animal, under an embodiment.
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Figure 3 shows an animal outside the coverage of an ultrasonic signal, under an
embodiment.

Figure 4 shows a detection and correction unit, under an embodiment.

Figure 5 shows beam spread regions of transducers located on a detection and correction
unit, under an embodiment.

Figure 6 shows a microphone array, under an embodiment.

Figure 7 shows a detection and correction unit, under an embodiment.

Figure 8 A shows a detection and correction unit, under an embodiment.

Figure 8B shows a bearing of an animal relative to a detection and correction unit, under
an embodiment.

Figure 9 shows a detection and correction unit, under an embodiment.

Figure 10 shows a detection and correction unit, under an embodiment.

Figure 11 shows determination of bearing, under an embodiment.

Figure 12 shows determination of bearing, under an embodiment.

DETAILED DESCRIPTION

Remote bark deterrent technology may incorporate a bark detect component responsible
for detecting the occurrence of a dog bark and a correction component responsible for providing
a stimulus to the dog when the bark detection component indicates an occurrence of a bark event.
The stimulus discourages present and potentially future bark episodes. The bark detect and
correction component may be combined into an integral bark detection and correction unit as
further described herein.

The bark detect component may comprise a microphone (or microphone array) for
analyzing one or more of audio frequency spectrum, sound pressure level (audio magnitude), and
audio signature. These concepts are further described below.

An audio frequency or audible frequency is a periodic vibration whose frequency is in the
band audible to the average human. The SI unit of audio frequency is the hertz (Hz). It is the
property of sound that most determines pitch. The generally accepted standard range of audible
frequencies for humans is 20 to 20,000 Hz, although the range of frequencies individuals hear is
greatly influenced by environmental factors. In air at atmospheric pressure, these represent sound

waves with wavelengths of 17 meters (56 ft) to 1.7 centimeters (0.67 in). Frequencies below 20
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Hz are generally felt rather than heard, assuming the amplitude of the vibration is great enough.
High frequencies are the first to be affected by hearing loss due to age or prolonged exposure to
very loud noises.

Sound pressure or acoustic pressure is the local pressure deviation from the ambient
(average or equilibrium) atmospheric pressure, caused by a sound wave. In air, sound pressure
can be measured using a microphone. Sound pressure, like other kinds of pressure, is commonly
measured in units of Pascals (Pa). The quietest sound that most people can hear has a sound
pressure of 2 x 10 Pa, so this pressure is called the threshold of human hearing.

Sound pressure level (SPL) uses a logarithmic scale to represent the sound pressure of a
sound relative to a reference pressure. The reference sound pressure is typically the threshold of
human hearing: remember that it's 2 x 10° Pa. Sound pressure level is measured in units of
decibels (dB) and is calculated using the following equation, where p is the sound pressure of the

sound wave and po is the reference sound pressure:
14
L, = 20log,o(=——)dB
Po

An audio signature comprises characteristics of an audio signal that may be interpreted as
a bark event. Bark detection may be as simple as detection of sound pressure level (dB) in certain
frequency ranges. For example, the detection of energy within the frequency range of 140Hz and
2000Hz with a SPL above 60dB. An embodiment may add a time component to the combination
of frequency and sound pressure level. Under this embodiment, a signature comprises a
combination of frequency and signal pressure level analysis over a period of time. For example,
the detection of energy within the frequency range of 140Hz and 2000Hz, with a SPL above
60dB, within at least three 16 millisecond periods within any ten contiguous 16 millisecond
periods.

As indicated above, remote bark deterrent technology may incorporate a correction
component responsible for providing a stimulus to the dog when the bark detect component
indicates an occurrence of a bark event. The stimulus of course discourages present and
potentially future bark episodes. The correction component typically involves a sound generation
device, under an embodiment. The sound may be generated in the audible region via audio
circuitry connected to a speaker or in the ultrasonic region via ultrasonic drive circuitry

connected to an ultrasonic transducer.
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Ultrasonic transducers convert alternating current (AC) into ultrasound, as well as the
reverse. Ultrasonics typically refers to piezoelectric transducers or capacitive transducers.
Piezoelectric crystals change size and shape when a voltage is applied: AC voltage makes them
oscillate at the same frequency and produce ultrasonic sound. Capacitive transducers use
electrostatic fields between a conductive diaphragm and a backing plate.

As indicated above, one type of ultrasonic transducer comprises the piezoelectric crystal,
which converts an oscillating electric field applied to the crystal into a mechanical vibration.
Piezoelectric crystals may include quartz, Rochelle salt, certain types of ceramic, etc.
Piezoelectric transducers may be employed over the entire frequency range and at all output
levels.

The sound generated by a correction component may be in the audible region or
ultrasonic region. Some audible sounds are effective at distracting a barking dog such as white
noise (white noise is a sound that contains every frequency within the range of human hearing;
generally from 20 hertz to 20 kHz in equal amounts), the owner’s voice, and/or the sound of
coins shaking in a can. To obtain a response from a dog while not disturbing people, the
ultrasonic region may be chosen, under an embodiment. The ultrasonic frequencies are heard by
dogs but not typically heard by humans. The frequencies chosen are under one embodiment in
the 20kHz to 27kHz range. Also, frequencies up to SOkHz may be heard by dogs and may be
utilized. Sound pressure level increases as amplitude of the ultrasonic signal increases. Under
one embodiment acoustic power is maximized for efficacy but only to the point where the
maximum sound pressure level at the dog’s ears is less than or equal a value determined to be
safe for the dog and any human that is within the field of the ultrasonic field. Ultrasonic
frequencies and power levels are chosen under one embodiment based on the frequencies/power
levels determined to be effective for a specific dog or event type. They may be determined based
on a logging/learning methodology and/or based on repeat occurrences of a behavior following
an ultrasonic correction. At the ear on the animal, 115dBA may be tolerated for 15 minutes,
under an embodiment. However, the scale may slide all the way to 160dBA for 1 second.
Typically correction tones are 2 seconds or less. Source sound pressure level at the face of the
transducer under an embodiment is typically no more than 130dBA. As long as the ear of a target
animal is 1 meter away, this animal would experience levels significantly below 115dBA. This

also ensures safety of humans within the field of the ultrasonic signals.
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The higher the frequency of the correction sound, the narrower the beam spread. (Note
that beam spread is a measure of the whole angle from side to side of the main sound beam in the
far field. Beam divergence is a measure of the angle from one side of the sound beam to the
central axis of the beam in the far field). Therefore, the higher the frequency, the more aligned
the dog must be with the correction speaker or transducer to receive a sufficient sound pressure
level to distract a dog from a barking episode.

The ultrasonic frequencies especially suffer from this phenomena. The maximum sound
pressure level for the ultrasonic frequencies is found along the centerline (i.e., axis) of the
transducer signal and then diminishes significantly as the angle from centerline increases.

The audible frequency bark itself has a wide, audible frequency, beam spread, and thus,
the bark is detected by the bark detection circuitry from a wide angle in the horizontal plane.
This angle is under one embodiment wider than the correction sound, especially if the correction
sound is in the ultrasonic range.

In order to effectively interrupt an unwanted behavior exhibited by the dog, the sound
pressure level, i.e. the correction signal, must be of a significant enough level when it reaches the
dog’s ears. The dog may not necessarily be aligned with the front of the speaker or transducer
when the barking is detected. In other words, the bark detection component may detect a bark
event but the animal may be outside the beam spread of the correction signal. The signal
reaching the dog’s ears may be significantly attenuated, possibly even below perception levels.

Carrying this concept to the next level, if a single bark deterrent system covers a wide
region, a single fixed speaker or transducer may likely not generate enough sound pressure at
every spot in the yard or indoor room to deter the barking behavior.

As indicated above, a bark detection and correction unit may comprise a bark detect
component responsible for detecting the occurrence of a dog bark and a correction component
for transmitting a bark correction signal. The bark correction (or deterrent) component may cover
a wider angular region of the horizontal plane in order to optimize delivery of sound pressure
levels to animals upon detection of a bark event. In other words, a wider angular correction
region increases the chances of delivering sufficient sound energy, i.e. sound pressure level, to a
dog’s ears. The bark detection component may detect a direction of an incoming bark event and
provide information to the bark correction component for activating a plurality of transducers

that emit signals covering wide angular regions, for selecting a specific transducer that transmits
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a bark deterrent signal in the direction of the animal, and/or for rotating one or more transduces
to direct their beam spread regions in a direction of the animal.

Figure 1 shows a bark detection and correction unit 110. The unit comprises an ultrasonic
transducer 185 that emits an ultrasonic signal. Figure 1 shows the ultrasonic beam spread. The
beam spread comprises regions 130, 140, 150, 160, 170. Note that sound pressure level is
greatest along the central axis 180 of a beam spread and dissipates as the angle 190 from central
axis 180 increases. Therefore the beam spread comprises the following regions: strongest
perception region 150; weaker perception regions 140, 160; and lowest perception regions 130,
170. The correction signal is more likely to reach and deter the barking behavior of an animal in
region 150 version region 170.

Figure 2 shows a bark detection and correction unit 200. The unit comprises an ultrasonic
transducer 210 that emits an ultrasonic signal. The unit also comprises a bark detection sensor
212 (which may be located at any position on the unit for detecting audible sound in the broadest
possible range around the unit). Under one embodiment, the transducer and sensor may comprise
a common component.

The sensor may comprise a microphone which is itself a transducer that converts sound
into an electrical signal. Several different types of microphone may be used for implementing
bark sensing methods described herein. The different types of microphone employ different
methods for converting the air pressure variations of a sound wave to an electrical signal.

Under one embodiment, a detection sensor microphone comprises a MEMS
(MicroElectrical-Mechanical System) microphone (also called a microphone chip or silicon
microphone). A pressure-sensitive diaphragm is etched directly into a silicon wafer by MEMS
processing techniques, and is usually accompanied with integrated preamplifier. Most MEMS
microphones are variants of a condenser microphone design. Under an embodiment, digital
MEMS microphones have built in analog-to-digital converter (ADC) circuits on the same CMOS
chip making the chip a digital microphone and so more readily integrated with modern digital
products.

Under one embodiment, a detection sensor microphone comprises a piezoelectric
ultrasonic transducer for detecting the vibration of the bark. A piezoelectric sensor is a device
that uses the piezoelectric effect to measure changes in pressure by converting them to an

electrical charge.
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With continued reference to Figure 2, the bark detection sensor detects sound waves 230
of a bark event. In response, the transducer emits an ultrasonic signal with beam spread 240. As
the dog 250 is located directly in the path of the beam spread, the sound pressure level of the
ultrasonic correction sound is likely sufficient to command attention of the animal and deter
barking.

Figure 3 shows a bark detection and correction unit 300. The unit comprises an ultrasonic
transducer 310. The unit also comprises a bark detection sensor 312 (which may be located at
any position on the unit for detecting audible sound in the broadest possible range around the
unit). Under one embodiment, the transducer and sensor may comprise a common component.
The bark detection sensor detects sound waves of a bark event. In response, the transducer emits
an ultrasonic signal with beam spread 340. As the dog 350 is located outside the path of the
beam spread 340, the sound pressure reaching the animal is very low and very unlikely to
influence animal behavior.

Figure 4 shows a bark detection and correction unit 400. The unit comprises ultrasonic
transducers 410, 412, 420. The unit also comprises bark detection sensors 416, 418, 414. The
transducer / sensor pairs (as seen in Figure 4) may comprise combined transducer / sensor
components or discrete components paired at common locations of the bark detection and
correction unit 400. (Under an embodiment, the detection sensors may be located at any position
on the unit for detecting audible sound in the broadest possible range around the unit). One or
more of the bark detection sensors detects sound waves 430 of a bark event. In response, the
transducers 410, 412, 420 emit an ultrasonic signal with corresponding beam spread regions 440,
450, 460. As the dog 470 is located directly in the path of the beam spread 460, the sound
pressure level of the ultrasonic correction sound is likely sufficient to command attention of the
animal and deter barking.

The embodiment of Figure 4 effectively monitors approximately a 180 degree range
comprising beam spread regions 440, 450, 460. Irrespective of the animal’s location in this 180
degree region, one or more of the bark sensors detect a bark event. For example, the animal 470
may be located in region 440 in close proximity to region 450. As the animal approaches region
450 (but while still located in region 440), the animal may begin barking. As long as the bark
event is detectable by at least one of the sensors 416, 418, 414, detection then triggers operation

of all transducers 410, 412, 414. Assume that the bark event is only detected by microphone 416.
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Nevertheless, all transducers operate simultaneously to produce overlapping beam spread regions
that span approximately 180 degrees. Even if the animal accelerated into region 450 and then
region 460, an effective ultrasonic signal reaches the animal.

Figure 5 shows a bark detection and correction unit 500. The unit 500 comprises eight
correction units 512, 514, 516, 518, 520, 522, 524, 526. Each correction unit comprises an
ultrasonic transducer. The correction units may include detection sensors for detecting bark
events. Alternatively, one or more detection sensors may be placed at any other location on bark
detection and correction unit 500 for detecting audible sound in the broadest possible range
around the unit. As just one example, a sensor 540 may be located at a highest point (or other
location) enabling detection of bark events from any direction. The combined beam spread of the
transducers covers a 360 degree range around the unit 500. One or more sensors may detect a
bark event anywhere in the detection region and trigger operation of all transducers. The
resulting signal is then directed toward the animal irrespective of its position. Of course, fewer
than eight transducers may be used to cover the 360 degree range correction region.

Figure 6 shows four microphone sensors 610, 612, 614, 616 configured as a microphone
array 600 for use in detecting bark events. Assuming a Cartesian coordinate system imposed on
the microphone array as seen in Figure 6, microphone 612 is located in region I, microphone 610
is located in region II, microphone 614 is located in region III, and microphone 616 is located in
region IV. The microphone array may be placed on a bark detection and correction unit as seen
in Figure 7. The microphones illustrated in Figure 6 detect sound waves 630 of animal 620. The
microphone array is coupled to an analog to digital converter 670 which is further coupled to at
least one processor 680. The microphone array, analog to digital converter, and processor are
also communicatively coupled with transducers located on a bark detection and correction unit
under an embodiment. The microphones receive information of the audible bark event including
arrival time, phase, and magnitude at the respective microphone. This information is passed
through the analog to digital converter 670 to processer 680. (As indicated above, one or more
microphones may include analog-to-digital converter (ADC) circuits). Based on arrival time,
phase difference, and/or signal magnitude, the processor determines the bearing to the dog
relative to the position of the microphone array and therefore relative to a bark detection and
correction unit using the array for detection purposes. Methods for determining the bearing from

a microphone array to a sound source are further described below. The processor also uses
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information of the audible bark event to confirm that the audible event is in fact a bark. Methods
for detecting bark events are also further described below.

Once the bark sound is confirmed to be valid, and bearing from the unit to the pet is
known, the processor 680 can easily determine, via lookup table, the proper single or multiple
transducers to utilize in directing the maximum SPL to the bearing angle. The detected bearing
angle may comprise a positive rotation from a zero degree reference line (as further described
below). The lookup table may include bearing information for each transducer, i.e. bearing
information for each respective beam axis relative to such zero degree reference line. Upon
detecting a bearing to a barking animal, the lookup table may be used to select one or more
transducer(s) most aligned (plus or minus a threshold degree range) with the detected bearing.

Figure 7 shows a bark detection and correction unit 700, under an embodiment. The unit
includes a microphone array 600 (as seen in Figure 6) on a top surface of the unit. The
microphone array is also coupled to an analog to digital converter 670 which is also coupled to a
processor 680 (also shown in Figure 6). The unit 700 includes a plurality of ultrasonic
transducers 710, 712, 714, 716, 718, 728 and corresponding beam spread regions. Figure 7
illustrates additional beam spread regions 720, 722, 724, 726 emanating from additional
ultrasonic transducers (not shown) surrounding the bark detection and correction unit 700. An
animal within a monitored region corresponding to the combined span of the beam spread
regions seen in Figure 7 may bark producing sound waves that arrive at the microphone array.
Under an embodiment, the microphone array may detect signals corresponding to the bark event
and determine a location of the animal relative to the microphone array and relative to the
ultrasonic transducers positioned around the upper periphery of the bark detection and correction
unit 700.

As indicated, the microphone array 600 and processor 680 determine location of the
animal relative to the unit using one or more location methods (further described below). The
processor then uses information of the location and a lookup table to select the transducer or
transducers (and corresponding beam spread coverage) most aligned with the bearing of the
animal, i.e. to select the transducer(s) capable of delivering maximum sound pressure level to the
source. Under one embodiment, the unit 700 may then identify an additional transducer or
transducers on either side of the previously selected transducer(s). The bark detection and

correction unit 700 then transmits a correction signal using the selected transducer and any
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additional transducers. Under an embodiment, bark detection may continue during the correction
phase. If a new bearing of the animal is determined, the processor may identify transducers for
delivery of a correction signal in the same manner as described above. If the newly identified
transducers are the same as the previously identified transducers, then the detection and
correction unit may simply continue the correction signal. If the newly identified set of
transducers is entirely different than previously identified set, then detection and correction unit
may use the new set to deliver a correction signal. If the newly identified set of transducers
partially overlaps with the previously identified set, then the detection and correction unit may
simply initiate use of the additionally identified transducers (cumulative of operational
transducers) in delivering a correction signal.

Figure 8 A provides the same bark detection and correction unit as displayed in Figure 7
and already described above. An animal in a proximity to the bark detection and correction unit
may begin barking producing a sound wave which approaches microphone array 600. The
microphone array 600 and processor 680 determine location of the animal relative to the unit
using one or more of the location methods further described below. The processor may
determine a bearing of 225 degrees. In other words, the animal is positioned along a line
corresponding to a 225 degree positive rotation from a zero degree reference line. (Figure 8B
shows the bearing according the geometry of the microphone array described in Figure 6). The
processor then uses information of the location and a lookup table to select the transducer or
transducers (and corresponding beam spread coverage) most aligned with the bearing of the
animal, i.e. to select the transducer(s) capable of delivering maximum sound pressure level to the
source. In the example of Figure 8A, the processor selects transducers 710, 712 for delivering a
correction signal.

Figure 9 shows a bark detection and correction unit 900, under an embodiment. The
embodiment of Figure 9 features a rectangular prism. The unit includes a microphone array 600
(as seen in Figure 6) on a top surface of the unit. The microphone array is also coupled to an
analog to digital converter 670 which is also coupled to a processor 680 (also shown in Figure 6).
A front of the rectangular prism features an ultrasonic linear phased 1x5 array. In the event of a
nearby bark, the microphone array and processor determine a bearing of the animal. Under the

embodiment of Figure 9, the bearing is determined to be 225 degrees (using location methods

10
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further described below). Utilizing beam forming from the multiple transducers, the correction
sound is directed along the 225 degree bearing.

Under one embodiment a linear phased array as shown in Figure 9 may deliver a
correction signal. The linear phased array comprises a number of transducer elements positioned
in a physical linear array. The elements are fired sequentially from one side to the other, all
within a single cycle time of the driven correction signal frequency, allowing constructive
interference to focus the beam along a specified bearing. Note that waves generally do not reflect
when they strike other waves. Instead, they combine. If the amplitudes of two waves have the
same sign (either both positive or both negative), they will add together to form a wave with a
larger amplitude. This is called constructive interference. The distance between transducers, and
the phase relationship of the signals driven by each transducer determine direction of the sound
beam. Further, note that the linear phased array may comprise greater than or less than the five
transducers shown in Figure 9.

Figure 10 shows a bark detection and correction unit 1000, under an embodiment. The
embodiment of Figure 10 features a unit in the shape of a conical tower. The unit includes a
microphone array 600 (as seen in Figure 6) on a top surface of the unit. The microphone array is
also coupled to an analog to digital converter 670 which is also coupled to a processor 680 (also
shown in Figure 6). A top portion 1010 of the detection and correction unit is rotatably coupled
to a lower portion 1020. A rotation of the top portion also rotates a position of an ultrasonic
transducer 1040 around the periphery of the unit. The transducer may be rotated to any position
along a 360 degree path around the exterior of the unit. Under one embodiment, the bearing of a
barking animal is determined to be 225 degrees (using location methods described below). The
transducer is then rotated to deliver an ultrasonic signal with a beam spread axis aligned along
the 225 degree bearing. Note that the embodiment of Figure 10 may comprise multiple
transducers. As one example, multiple transducers may be equally spaced around a periphery of
the unit. The processor 680 may use information of the bearing and information of transducer
location (available via lookup table) to rotate the transducers in a direction (clockwise or
counterclockwise) that positions a transducer (or transducers) for operation with the least amount
of rotation.

One or more applications may run on the processor described above for (i) determining

effectiveness of a driven correction sound based on time between barking episodes; (i) changing
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the correction sound when a driven correction sound is determined to be ineffective, i.e. the dog
continues to bark; and/or (ii1) improving detection of bark sounds and rejection of non-bark
sounds.

The processor monitors and analyzes the bark events, under an embodiment. Based on
the bark (or even bark type as further described below) and repeat episode timing or sequence,
the correction sound can be found to be effective or ineffective.

An example is as follows:

A. Detect bark.

B. Drive a frequency range with a specific on/off pattern as a deterrent for a period of
time. Under an embodiment ultrasonic products drive fixed-amplitude chirps or signals from
about 22kHz to 27kHz at varying time intervals including time intervals ranging from 600
milliseconds to 4 seconds. These fixed amplitude chirps / signals may under an embodiment start
at 22kHz and rise to 27kHz within the correction period. Under an alternative embodiment, these
fixed amplitude chirps / signals may start at 37kHz and rise to 42kHz within the correction
period.

C. Monitor for a repeat bark event for a period of time.

D. If the period of time shows a continuation of the same barking episode (i.e. repeats
within 5 seconds), the chosen frequency range and specific on/off pattern can be repeated.

E. If A-D occurs more than a pre-determined number of times a new frequency range and
specific on/off pattern can be driven.

Repeating A to E.

Systems and methods for detecting bark events are set forth in United States Patent
Application No. 15/871,846, filed January 15, 2018, which application is incorporated herein by
reference as if set forth herein in its entirety. Bark detection methods of a bark detection and
correction unit are further described below.

Note that the microphone array of a bark detection and correction unit may be coupled to
a front end filter controlled by firmware running on one or more processors as further described
below. Further, the bark detection methods described below incorporate power saving
functionality by scheduling detection tests to terminate a detection process early when the sound

event clearly fails to qualify as a bark.
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The electrical signals provided by a microphone array’s detection of a nearby sound
event is processed through a series of three analog operational amplifier stages. Stage one
provides buffering and a ~160Hz high pass filter. The filter eliminates low frequency content of
the signals that are primarily created from (non-bark) activity. Stage two provides unity gain
with variable attenuation that is updated and controlled by the bark detection algorithm firmware.
If the signal is found to be very large in magnitude (using most of the dynamic range of the ADC
(Analog to Digital Convertor)) the signal is attenuated in the second stage in an attempt to
prevent clipping of the signal (a condition in which the input signal exceeds the dynamic range
of the ADC). The third stage is a fixed gain stage to increase the overall signal to optimally
conform to the electrical limits of the ADC with no attenuation from stage 2. The overall set
point for the gain is a function of both the mechanical and electrical characteristics of the entire
system. Finally, the conditioned signals from the three stage operational amplifier AFE (analog
front end) are converted to a digital equivalent by using an ADC which is used by a bark
detection algorithm for bark event detection, under one embodiment. The bark detection
algorithm runs on a processor as shown in Figure 6 above.

The algorithm for bark detection analyzes the whole waveform of a sound event to accept
or reject the sound event as a bark. This improves both bark detection and false (non-bark)
rejection.

The bark detection algorithm samples the signals from the ADC. A number of criteria
are included as part of this method of discrimination. The algorithm works to positively detect a
bark event on the basis of not being rejected by the following criteria:

Too Few Timeslots - This indicates a short duration event such as a strike, a bump, or a
quick scratch or scrape. The bark detection algorithm identifies these events and aborts as
quickly as possible in order to conserve battery. On the other hand, if an early abort does not
occur due to a short duration event, then a single trigger event can cause an increment of more
than one (possibly several) of the abort causes listed below. That is, a possible bark can fail the
bark validation for more than one reason.

Abort Unsaturated Timeslots - This means that the signal amplitude was too high. Too
many time slots were saturated; meaning there were too few unsaturated timeslots to properly

analyze the signal for a bark. When used in conjunction with the hardware attenuation (stage 2)
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automatic gain control very few of these aborts should occur since it results in a decrease in the
overall gain.

Abort Amplitude - This means that too few timeslots met the minimum amplitude
requirement.

Abort Minimum Ratio and Abort Median Ratio - These indicate that the signal had
features that made it look more like a scratch or a scrape than a real bark. These tests look at the
ratio of the signal's absolute average voltage to its peak-to-peak voltage in each timeslot. Under
one embodiment a single finding of a low ratio in one timeslot is enough to categorize the signal
as a non-bark event. Real barks tend to have a higher ratio than scrapes and scratches

Abort Low Pass Minimum Ratio and Abort Low Pass Median Ratio - These are very
similar to the Abort Minimum Ratio and Abort Median Ratio, except that we first low pass filter
the signal in firmware before we calculate the ratio of the absolute average voltage to the peak-
to-peak voltage.

Abort Spike Ratio - This indicates that the peak-to-peak amplitude of the signal in one or
more timeslots exceeded the average peak-to-peak amplitude of its two neighboring timeslots by
a factor of > 1.75. That means that there was at least one spike in the data, and spikes of that
high an amplitude are uncharacteristic of a real bark. (Real barks usually score below 1.30).

Abort Absolute Spike Ratio - This indicates that the absolute average amplitude of the
signal in one or more timeslots exceeded the absolute average amplitude of its two neighboring
timeslots by a factor of > 1.75. That means that there was at least one spike in the data, and
spikes of that high an amplitude are uncharacteristic of a real bark. (Real barks usually score
below 1.30).

Historically, bark detection has used positive logic. That is, software (implementing
audio signal processing through analog or digital signal processing methods) would test an
arbitrary waveform and if the criteria by which the waveform is evaluated is met (was true), a
correction would be invoked, with the implication that the event is a bark.

The new approach for detection described herein uses negative logic. Each waveform is
evaluated by a series of “tests” to prove that the waveform is not a bark. Furthermore, multiple
tests have been created to allow greater discrimination of an arbitrary waveform. If the first test
is true (i.e., if first test criteria are met indicating that the waveform is not a bark) then the

negative logic process may abort. However, if the first test criteria are not met, then negative
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logic suggests that the waveform may be a bark. Then the second test is applied. If the second
test is true (i.e., if second test criteria are met indicating that the waveform is not a bark) then the
negative logic process may abort. The waveform is then reevaluated by the next negative logic
test. If the waveform passes through all of the tests (i.e. failing to meet test criteria), the
implication is that the event was a bark. These additional tests allow greater discrimination of an
event from previous designs to improve the confidence in the waveform identification since each
additional test reinforces the negative logic and thus further provides that the waveform is a bark
at the conclusion of all waveform test criteria.

In addition to the improved confidence in the detection algorithm, negative logic
minimizes power. The order of the negative logic test criteria was chosen in such a way such
that the most frequently created non-bark waveforms (those created by bumps, strikes, impacts,
etc.) would be detected first (aborting any further checks for that waveform) and the unit quickly
returns to a low power state.

The bark detection unit may include user selectable sensitivity ranges. The different
sensitivity settings change the levels of specific negative logic tests which in turn, result in either
a broader range of waveforms in which a correction will be triggered or a narrower range.

The bark detection unit can identify other dog vocalizations (whining, whimpering,
moaning) to be detected/corrected in addition to barks.

The ratios and tests set forth above are applied to a waveform (potential bark event) using
negative logic. The application of such method allows for multiple testing criteria to be
conducted and sequenced in such a way so as to maximize battery life.

The use of ratios and tests as set forth above allows for fixed limits to be set while using a
variable gain system. Without the use of ratios the limits would need to be modified every time
the gain of the AFE (Acoustic Front End) is changed.

As for improving detection of bark sounds and rejection of non-bark sounds, an
embodiment of the bark detection and correction unit may implement machine learning. Under
an embodiment detected audio samples are compared to stored library samples. This approach
allows library growth as additional audio samples (corresponding to bark events) are
encountered. The library may encompass the many bark types of many different breeds. The
library may include samples corresponding to “types” of bark. Using such library, bark detection

may discount some bark types (i.e. a bark indicating stranger on premises) as a non-event while
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detecting and discouraging other bark types (i.e. a bark indicating boredom). The library may
include sufficient samples from a single animal to detect whether a bark event corresponds to
that animal. The library may also include samples corresponding to common sounds occurring
within detection range of a bark detection and correction unit such that common sounds may be
filtered.

Methods for determining the bearing from a microphone array to a sound source are
referenced above. The most basic approach to determine the bearing from a microphone array to
a sound source is to determine the time difference of arrival of the sound as it arrives at each pair
of microphones in a fixed array. Figure 11 shows microphone array 1100 comprising
microphonei and microphone;. Of course, the array may include a greater number of
microphones. Figure 11 also illustrates arriving sound waves 1110. Once the time difference of
arrival (T) is known for a microphone pair, the angle (gq) to the sound source from each set of
microphones can be calculated as follows:

T = Arrival time dif ference

¢ = Speed of sound

D = distance between microphones

cT
— -1
q = cos )

The time difference of arrival method described above can be more accurately
implemented using an XCORR Cross Correlation method if the form factor of a detection and
correction unit allows sufficient spacing between microphones to determine the required
resolution. Figure 12 shows microphone array 1200 comprising microphonei and microphone;.
Of course, the array may include a greater number of microphones. Figure 12 also illustrates
arriving sound waves 1210. To determine the time delay between microphone sets, the XCORR
Cross correlation method determines the time delay utilizing the cross correlation between the
received signals at the microphones. The signals from each microphone are first sampled at a
sampling frequency (F;) sufficient to yield the resolution required of the system. The sampled
signals, i.e. the resulting digital signals S;(n) and S;(n), are then fed to a cross correlator 1220.
The cross correlator output is typically then fed to a peak detector 1240. The delay time in

reaching the correlation peak (signal match) determines the time difference of arrival of the
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sound arriving at the two microphones. This time difference is then used to determine the bearing
angle (q) as follows:
T = Number of samples to reach correlation peak
¢ = Speed of sound
D = Distance between microphones
F;, = Sampling frequency
L cT/F,
D

The GCC-PHAT algorithm may under an embodiment be used to determine bearing from

q = cos”

a microphone array to a sound source. It can be implemented in either the time or frequency
domain. The approach also allows for microphone arrays at all spacing intervals.

The generalized cross correlation (GCC) can estimate the time delay between two
microphone inputs by obtaining the inverse Fast Fourier Transform (I-FFT) of the cross-
spectrum of the signals.

The phase amplitude transform (PHAT) attempts to improve the correlation by using a
weighting function to obtain a unity gain for all frequency components while not affecting the
phase information. The phase information yields the sound delay information. The result is a
cross correlation with reduced noise.

Many other techniques may be employed to determine the bearing to an animal based on
the bark sound arriving at a microphone array.

An apparatus is describe herein comprising a microphone array and a plurality of
transducers, the microphone array and the plurality of transducers communicatively coupled with
at least one processor, the at least one processor communicatively coupled with a memory. The
microphone array is configured to receive at least one signal. Each transducer of the plurality of
transducers is configured to deliver a correction signal along a transducer beam spread axis,
wherein the plurality of transducers is positioned on the apparatus for providing a combined
transducer beam spread coverage in the horizontal plane. One or more applications running on
the at least one processor use information of the at least one signal to detect a sound event, the
detecting the sound event including selecting transducers from the plurality of transducers, the
detecting the sound event including instructing the selected transducers to deliver a correction

signal.
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The detecting the sound event includes determining a sound event bearing, wherein the
sound event bearing comprises an angle from a reference line to a direction of the sound event,
under an embodiment.

The determining the sound event bearing comprises using time difference of arrival of the
sound event at two or more microphones of the microphone array, under an embodiment.

The determining the sound event bearing comprises cross correlating signals
corresponding to the sound event received by at least two microphones of the microphone array,
under an embodiment.

The determining the sound event bearing comprises using a generalized cross correlation
and phase amplitude transform applied to signals corresponding to the sound event received by at
least two microphones of the microphone array, under an embodiment.

The selecting the transducers from the plurality of transducers includes comparing the
sound event bearing with transducer bearings of the plurality of transducers, wherein a
transducer bearing comprises an angle from a respective transducer beam spread axis to the
reference line, wherein the memory comprises the transducer bearings, under an embodiment.

The selecting the transducers from the plurality of transducers includes selecting the
transducers when an absolute difference between the sound event bearing and respective
transducer bearing is below a threshold value, under an embodiment.

The combined transducer beam spread coverage of an embodiment spans ninety (90)
degrees or less.

The combined transducer beam spread coverage of an embodiment is greater than ninety
(90) degrees.

The selecting the transducers from the plurality of transducers includes selecting one or
more additional transducers, under an embodiment.

The one or more additional transducers of an embodiment comprise a respective beam
spread axis adjacent a beam spread axis of the selected one or more transducers in the horizontal
plane, wherein the selected one or more transducers comprise the one or more additional
transducers.

The sound event of an embodiment comprises barking of a dog.
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The plurality of transducers comprise an ultrasonic transducer, wherein the correction
signal comprises an ultrasonic signal, under an embodiment.

The ultrasonic signal of an embodiment comprises a frequency range between 20kHz and
50kHz.

The ultrasonic signal of an embodiment comprises a sound pressure level between
70dBA and 130dBA measured 0.3 meters from the face of the transducer.

The reference line of an embodiment forms a fixed angle with a line connecting two
microphones of the microphone array.

The reference line of an embodiment comprises magnetic north.

An apparatus is described herein comprising a microphone array and at least one
transducer, the microphone array and the at least one transducer communicatively coupled with
at least one processor, the at least one processor communicatively coupled with a memory. The
apparatus include the microphone array for receiving at least one signal. Each transducer of the
at least one transducer is configured to deliver a correction signal along a transducer beam spread
axis. Each transducer of the at least one transducer is configured to rotate. One or more
applications running on the at least one processor use information of the at least one signal to
detect a sound event, the detecting the sound event including determining a sound event bearing,
wherein the sound event bearing comprises an angle from a reference line to a direction of the
sound event, the detecting the sound event including using the sound event bearing and
transducer bearing information of the at least one transducer to rotate the at least one transducer,
the rotating including adjusting a transducer beam spread axis of the at least one transducer to
align with the sound event bearing, the detecting the sound event including instructing the at
least one transducer to deliver a correction signal.

The rotating comprises rotating around a longitudinal axis of the apparatus, wherein the
longitudinal axis is orthogonal to a horizontal plane, under an embodiment.

A method is described that includes under an embodiment receiving at least one signal
through a microphone array. The method includes using information of the at least one signal to
detect a sound event, the detecting the sound event including determining a sound event bearing,
wherein the sound event bearing comprises an angle from a reference line to a direction of the
sound event. The method includes selecting one or more transducers using the sound event

bearing and transducer bearing information of the one or more transducers, wherein each
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transducer of the one or more transducers is configured to deliver a correction signal along an
axis. The method includes instructing the selected one or more transducers to deliver a correction
signal.

The axis of an embodiment comprises a transducer beam spread axis.

The memory of an embodiment comprises the transducer bearing information, wherein
the transducer bearing information includes a transducer bearing for each transducer of the one
or more transducers, wherein a transducer bearing comprises an angle from a transducer beam
spread axis to the reference line.

The selecting one or more transducers includes using the transducer bearing information
to compare the sound event bearing with transducer bearings of the one or more transducers,
under an embodiment.

The selecting one or more transducers includes selecting the one or more transducers
when an absolute difference between the sound event bearing and respective transducer bearing
is below a threshold value, under an embodiment.

An apparatus is described herein that comprises a microphone array and a plurality of
transducers, the microphone array and the plurality of transducers communicatively coupled with
at least one processor. The apparatus includes the microphone array for receiving at least one
signal. The plurality of transducers are configured to deliver a correction signal. One or more
applications running on the at least one processor use information of the at least one signal to
detect a sound event, the detecting the sound event including determining a sound event bearing,
wherein the sound event bearing comprises an angle from a reference line to a direction of the
sound event, the detecting the sound event including instructing the plurality of transducers to
direct a correction signal in a direction of the sound event bearing.

The plurality of transducers comprise a linear phased array of transducers, wherein the
instructing the plurality of transducers to deliver the correction signal comprises selecting a
correction signal phase difference between the transducers of the linear phased array to direct a
majority of the corrections signal’s sound energy along the sound event bearing, under an
embodiment.

Computer networks suitable for use with the embodiments described herein include local
area networks (LAN), wide area networks (WAN), Internet, or other connection services and

network variations such as the world wide web, the public internet, a private internet, a private
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computer network, a public network, a mobile network, a cellular network, a value-added
network, and the like. Computing devices coupled or connected to the network may be any
microprocessor controlled device that permits access to the network, including terminal devices,
such as personal computers, workstations, servers, mini computers, main-frame computers,
laptop computers, mobile computers, palm top computers, hand held computers, mobile phones,
TV set-top boxes, or combinations thereof. The computer network may include one of more
LANs, WANS, Internets, and computers. The computers may serve as servers, clients, or a
combination thereof.

The systems and methods for remote multi-directional bark deterrence can be a
component of a single system, multiple systems, and/or geographically separate systems. The
systems and methods for remote multi-directional bark deterrence can also be a subcomponent or
subsystem of a single system, multiple systems, and/or geographically separate systems. The
components of systems and methods for remote multi-directional bark deterrence can be coupled
to one or more other components (not shown) of a host system or a system coupled to the host
system.

One or more components of the systems and methods for remote multi-directional bark
deterrence and/or a corresponding interface, system or application to which the systems and
methods for remote multi-directional bark deterrence is coupled or connected includes and/or
runs under and/or in association with a processing system. The processing system includes any
collection of processor-based devices or computing devices operating together, or components of
processing systems or devices, as is known in the art. For example, the processing system can
include one or more of a portable computer, portable communication device operating in a
communication network, and/or a network server. The portable computer can be any of a
number and/or combination of devices selected from among personal computers, personal digital
assistants, portable computing devices, and portable communication devices, but is not so
limited. The processing system can include components within a larger computer system.

The processing system of an embodiment includes at least one processor and at least one
memory device or subsystem. The processing system can also include or be coupled to at least
one database. The term “processor” as generally used herein refers to any logic processing unit,
such as one or more central processing units (CPUs), digital signal processors (DSPs),

application-specific integrated circuits (ASIC), etc. The processor and memory can be
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monolithically integrated onto a single chip, distributed among a number of chips or
components, and/or provided by some combination of algorithms. The methods described herein
can be implemented in one or more of software algorithm(s), programs, firmware, hardware,
components, circuitry, in any combination.

The components of any system that include systems and methods for remote multi-
directional bark deterrence can be located together or in separate locations. Communication
paths couple the components and include any medium for communicating or transferring files
among the components. The communication paths include wireless connections, wired
connections, and hybrid wireless/wired connections. The communication paths also include
couplings or connections to networks including local area networks (LANs), metropolitan area
networks (MANSs), wide area networks (WANSs), proprietary networks, interoffice or backend
networks, and the Internet. Furthermore, the communication paths include removable fixed
mediums like floppy disks, hard disk drives, and CD-ROM disks, as well as flash RAM,
Universal Serial Bus (USB) connections, RS-232 connections, telephone lines, buses, and
electronic mail messages.

Aspects of the systems and methods for remote multi-directional bark deterrence and
corresponding systems and methods described herein may be implemented as functionality
programmed into any of a variety of circuitry, including programmable logic devices (PLDs),
such as field programmable gate arrays (FPGAs), programmable array logic (PAL) devices,
electrically programmable logic and memory devices and standard cell-based devices, as well as
application specific integrated circuits (ASICs). Some other possibilities for implementing
aspects of the systems and methods for remote multi-directional bark deterrence and
corresponding systems and methods include: microcontrollers with memory (such as
electronically erasable programmable read only memory (EEPROM)), embedded
microprocessors, firmware, software, etc. Furthermore, aspects of the systems and methods for
remote multi-directional bark deterrence and corresponding systems and methods may be
embodied in microprocessors having software-based circuit emulation, discrete logic (sequential
and combinatorial), custom devices, fuzzy (neural) logic, quantum devices, and hybrids of any of
the above device types. Of course the underlying device technologies may be provided in a
variety of component types, e.g., metal-oxide semiconductor field-effect transistor (MOSFET)

technologies like complementary metal-oxide semiconductor (CMOS), bipolar technologies like
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emitter-coupled logic (ECL), polymer technologies (e.g., silicon-conjugated polymer and metal-
conjugated polymer-metal structures), mixed analog and digital, etc.

It should be noted that any system, method, and/or other components disclosed herein
may be described using computer aided design tools and expressed (or represented), as data
and/or instructions embodied in various computer-readable media, in terms of their behavioral,
register transfer, logic component, transistor, layout geometries, and/or other characteristics.
Computer-readable media in which such formatted data and/or instructions may be embodied
include, but are not limited to, non-volatile storage media in various forms (e.g., optical,
magnetic or semiconductor storage media) and carrier waves that may be used to transfer such
formatted data and/or instructions through wireless, optical, or wired signaling media or any
combination thereof. Examples of transfers of such formatted data and/or instructions by carrier
waves include, but are not limited to, transfers (uploads, downloads, e-mail, etc.) over the
Internet and/or other computer networks via one or more data transfer protocols (e.g., HTTP,
FTP, SMTP, etc.). When received within a computer system via one or more computer-readable
media, such data and/or instruction-based expressions of the above described components may
be processed by a processing entity (e.g., one or more processors) within the computer system in
conjunction with execution of one or more other computer programs.

Unless the context clearly requires otherwise, throughout the description and the claims,

2%

the words “comprise,” “comprising,” and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in a sense of “including, but not
limited to.” Words using the singular or plural number also include the plural or singular

2%

number respectively. Additionally, the words “herein,” “hereunder,” “above,” “below,” and
words of similar import, when used in this application, refer to this application as a whole and
not to any particular portions of this application. When the word “or” is used in reference to a
list of two or more items, that word covers all of the following interpretations of the word: any of
the items in the list, all of the items in the list and any combination of the items in the list.

The above description of embodiments of the systems and methods for remote multi-
directional bark deterrence is not intended to be exhaustive or to limit the systems and methods
to the precise forms disclosed. While specific embodiments of, and examples for, the systems

and methods for remote multi-directional bark deterrence and corresponding systems and

methods are described herein for illustrative purposes, various equivalent modifications are
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possible within the scope of the systems and methods, as those skilled in the relevant art will
recognize. The teachings of the systems and methods for remote multi-directional bark
deterrence and corresponding systems and methods provided herein can be applied to other
systems and methods, not only for the systems and methods described above.

The elements and acts of the various embodiments described above can be combined to
provide further embodiments. These and other changes can be made to the systems and methods
for remote multi-directional bark deterrence and corresponding systems and methods in light of

the above detailed description.
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CLAIMS

What is claimed is:

1. An apparatus comprising,

a microphone array and a plurality of transducers, the microphone array and the plurality
of transducers communicatively coupled with at least one processor, the at least one processor
communicatively coupled with a memory;

the microphone array for receiving at least one signal;

each transducer of the plurality of transducers configured to deliver a correction signal
along a transducer beam spread axis, wherein the plurality of transducers is positioned on the
apparatus for providing a combined transducer beam spread coverage in the horizontal plane;

one or more applications running on the at least one processor for using information of
the at least one signal to detect a sound event, the detecting the sound event including selecting
transducers from the plurality of transducers, the detecting the sound event including instructing

the selected transducers to deliver a correction signal.

2. The apparatus of claim 1, the detecting the sound event including determining a sound
event bearing, wherein the sound event bearing comprises an angle from a reference line to a

direction of the sound event.

3. The apparatus of claim 2, the determining the sound event bearing comprising using time

difference of arrival of the sound event at two or more microphones of the microphone array.

4. The apparatus of claim 2, the determining the sound event bearing comprising cross
correlating signals corresponding to the sound event received by at least two microphones of the

microphone array.

5. The apparatus of claim 2, the determining the sound event bearing comprising using a
generalized cross correlation and phase amplitude transform applied to signals corresponding to

the sound event received by at least two microphones of the microphone array.
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6. The apparatus of claim 2, the selecting the transducers from the plurality of transducers
including comparing the sound event bearing with transducer bearings of the plurality of
transducers, wherein a transducer bearing comprises an angle from a respective transducer beam

spread axis to the reference line, wherein the memory comprises the transducer bearings.

7. The apparatus of claim 6, the selecting the transducers from the plurality of transducers
including selecting the transducers when an absolute difference between the sound event bearing

and respective transducer bearing is below a threshold value.

8. The apparatus of claim 1, wherein the combined transducer beam spread coverage spans

ninety (90) degrees or less.

0. The apparatus of claim 1, wherein the combined transducer beam spread coverage is

greater than ninety (90) degrees.

10. The apparatus of claim 1, the selecting the transducers from the plurality of transducers

including selecting one or more additional transducers.

11.  The apparatus of claim 10, wherein the one or more additional transducers comprise a
respective beam spread axis adjacent a beam spread axis of the selected one or more transducers
in the horizontal plane, wherein the selected one or more transducers comprise the one or more
additional transducers.

12. The apparatus of claim 1, wherein the sound event comprises barking of a dog.

13. The apparatus of claim 1, wherein the plurality of transducers comprise an ultrasonic

transducer, wherein the correction signal comprises an ultrasonic signal.

14. The apparatus of claim 13, wherein the ultrasonic signal comprises a frequency range

between 20kHz and S0kHz.
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15. The apparatus of claim 13, wherein the ultrasonic signal comprises a sound pressure level

between 70dBA and 130dBA measured 0.3 meters from the face of the transducer.

16. The apparatus of claim 1, wherein the reference line forms a fixed angle with a line

connecting two microphones of the microphone array.

17.  The apparatus of claim 1, wherein the reference line comprises magnetic north.

18.  An apparatus comprising,

a microphone array and at least one transducer, the microphone array and the at least one
transducer communicatively coupled with at least one processor, the at least one processor
communicatively coupled with a memory;

the microphone array for receiving at least one signal;

each transducer of the at least one transducer configured to deliver a correction signal
along a transducer beam spread axis;

each transducer of the at least one transducer configured to rotate;

one or more applications running on the at least one processor for using information of
the at least one signal to detect a sound event, the detecting the sound event including
determining a sound event bearing, wherein the sound event bearing comprises an angle from a
reference line to a direction of the sound event, the detecting the sound event including using the
sound event bearing and transducer bearing information of the at least one transducer to rotate
the at least one transducer, the rotating including adjusting a transducer beam spread axis of the
at least one transducer to align with the sound event bearing, the detecting the sound event

including instructing the at least one transducer to deliver a correction signal.

19.  The apparatus of claim 18, wherein the rotating comprises rotating around a longitudinal

axis of the apparatus, wherein the longitudinal axis is orthogonal to a horizontal plane.

20. A method comprising,
one or more applications running on at least one processor for providing,

receiving at least one signal through a microphone array;
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using information of the at least one signal to detect a sound event, the detecting the
sound event including determining a sound event bearing, wherein the sound event bearing
comprises an angle from a reference line to a direction of the sound event;

selecting one or more transducers using the sound event bearing and transducer bearing
information of the one or more transducers, wherein each transducer of the one or more
transducers is configured to deliver a correction signal along an axis;

instructing the selected one or more transducers to deliver a correction signal.

21. The method of claim 20, wherein the axis comprises a transducer beam spread axis.

22. The method of claim 21, the memory comprising the transducer bearing information,
wherein the transducer bearing information includes a transducer bearing for each transducer of
the one or more transducers, wherein a transducer bearing comprises an angle from a transducer

beam spread axis to the reference line.

23.  The method of claim 22, the selecting one or more transducers including using the
transducer bearing information to compare the sound event bearing with transducer bearings of

the one or more transducers.

24, The method of claim 23, the selecting one or more transducers including selecting the
one or more transducers when an absolute difference between the sound event bearing and

respective transducer bearing is below a threshold value.

25.  An apparatus comprising,

a microphone array and a plurality of transducers, the microphone array and the plurality
of transducers communicatively coupled with at least one processor;

the microphone array for receiving at least one signal;

the plurality of transducers configured to deliver a correction signal;

one or more applications running on the at least one processor for using information of
the at least one signal to detect a sound event, the detecting the sound event including

determining a sound event bearing, wherein the sound event bearing comprises an angle from a
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reference line to a direction of the sound event, the detecting the sound event including
instructing the plurality of transducers to direct a correction signal in a direction of the sound

event bearing.

26. The apparatus of claim 25, wherein the plurality of transducers comprises a linear phased
array of transducers, wherein the instructing the plurality of transducers to deliver the correction
signal comprises selecting a correction signal phase difference between the transducers of the
linear phased array to direct a majority of the corrections signal’s sound energy along the sound

event bearing.
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