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SPEAKER DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
This application is a continuation-in-part of U.S. Patent Application No. 17/935,972, filed

on September 28, 2022, the entire disclosure of which is incorporated by reference herein.

FIELD
The present disclosure is directed to speaker devices for increasing an output of the

speaker device at a particular frequency or frequency range.

BACKGROUND
Devices with electrodynamic speakers often include an internal front chamber positioned
in front of a speaker. Openings in housings of such devices allow acoustic waves to exit the

housing.

SUMMARY OF THE DISCLOSURE

In one aspect of the present disclosure, a device is provided that includes a speaker and a
housing. The speaker is configured to generate sound and includes a diaphragm. The housing
encloses the speaker and includes a plurality of openings within one portion of the housing. The
speaker is positioned within the housing to define a front chamber between the diaphragm and
the one portion, and the plurality of openings are sized to collectively generate, with the front
chamber, an increased output of the device within a frequency range of an output of the speaker
corresponding to an alarm tone.

The front chamber and the plurality of openings may be configured to create a resonator
having a resonance frequency within the frequency range of the alarm tone to selectively increase
a sound pressure level of the output of the device corresponding to the alarm tone.

The speaker may be an electrodynamic speaker capable of generating an output within a
frequency range of from 400 Hz to 4.0 kHz. The increased output of the device may include a
peak output of the device within the frequency range of the output of the speaker corresponding
to the alarm tone.

The one portion of the housing may be a first end of the housing, and the front chamber
may include the plurality of openings within the one end of the housing but may otherwise be

acoustically sealed.
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The frequency range of the output of the speaker corresponding to the alarm tone may fall
within a range from 2.0 kHz to 4.0 kHz. The speaker may be a security alarm speaker and the
output of the speaker may further include speech. A sound pressure level of the output of the
speaker may be increased by at least 6 dB.

In another aspect of the present disclosure, a method for assembling a device includes:
providing a speaker and a housing, the speaker being configured to generate sound and including
a diaphragm, and the housing including a plurality of openings within one portion; and
assembling the housing and the speaker to form the device such that the housing encloses the
speaker and the speaker is positioned within the housing to define a front chamber between the
diaphragm and the one portion. The plurality of openings are sized to collectively generate, with
the front chamber, an increased output of the device within a frequency range of an output of the
speaker corresponding to an alarm tone.

The method may further include dimensioning the housing such that the front chamber
and the plurality of openings create a resonator having a resonance frequency within the
frequency range of the alarm tone to selectively increase a sound pressure level of the output of
the device corresponding to the alarm tone.

The speaker may be an electrodynamic speaker capable of generating an output within a
frequency range of from 400 Hz to 4.0 kHz. The increased output of the device may include a
peak output of the device within the frequency range of the output of the speaker corresponding
to the alarm tone.

The method may further include acoustically sealing the front chamber such that acoustic
waves generated by the speaker are directed only through the plurality of openings.

The method may further include configuring the housing and the speaker such that a
sound pressure level of the output of the speaker is increased by at least 6 dB.

In a further aspect of the present disclosure, a method includes providing a speaker
including a diaphragm; providing a housing for enclosing the speaker and including a plurality of
openings within one portion of the housing; positioning the speaker within the housing to define
a sealed front chamber between the diaphragm and the one portion, in which the speaker and the
housing define a device; and defining one or more parameters of the device to collectively create
a resonator having a resonance frequency matching at least a portion of a frequency range of an
output of the speaker corresponding to an alarm tone.

The speaker may be an electrodynamic speaker, the frequency range of the output of the
speaker is from 400 Hz to 4.0 kHz, and the output of the speaker corresponding to the alarm tone

may fall within a range from 2.0 kHz to 4.0 kHz.
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The one or more parameters may include a volume of the front chamber, and the method
may further include: increasing the volume of the front chamber when the resonance frequency is
to be decreased; and decreasing the volume of the front chamber when the resonance frequency
is to be increased.

The one or more parameters may include a cross-sectional area of each of the openings,
and the method may further include: decreasing the cross-sectional area of the openings when the
resonance frequency is to be decreased; and increasing the cross-sectional area of the openings
when the resonance frequency is to be increased.

In a further aspect of the present disclosure, a device is provided that includes a speaker
configured to generate sound and including a diaphragm; and a housing enclosing the speaker
and including a single opening within one portion of the housing. The speaker is positioned
within the housing to define a front chamber between the diaphragm and the one portion, and the
single opening is sized to generate, with the front chamber, an increased output of the device
within a frequency range of an output of the speaker corresponding to an alarm tone.

The front chamber and the single opening may be configured to create a resonator having
a resonance frequency within the frequency range of the alarm tone to selectively increase a
sound pressure level of the output of the device corresponding to the alarm tone.

The increased output of the device comprises a peak output of the device within the
frequency range of the output of the speaker may correspond to the alarm tone. The speaker may
comprise an electrodynamic speaker capable of generating an output within a frequency range of
from 400 Hz to 4.0 kHz. The frequency range of the output of the speaker corresponding to the
alarm tone may fall within a range from 2.0 kHz to 4.0 kHz. The speaker may comprise a
security alarm speaker and the output of the speaker may further comprise speech. A sound
pressure level of the output of the speaker may be increased by at least 10 dB. The device may
further comprise a camera enclosed in the housing.

In a further aspect of the present disclosure, a device is provided that includes a speaker
and a housing enclosing the speaker, in which the speaker is attached to define a front chamber
between the housing and a diaphragm of the speaker, and in which the housing includes a single
opening that is sized to generate, with the front chamber, an increased output of the device within
a frequency range of an output of the speaker corresponding to an alarm tone.

The front chamber may be acoustically sealed, such that acoustic waves generated by the
speaker are directed only through the single opening. The speaker may be enclosed in a lower
housing compartment of the housing, in which the housing further includes a main housing

compartment that encloses a camera, in which the main housing compartment includes one or
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more extensions each having an opening formed therethrough and one or more fasteners extend
through a corresponding one of one or more of the openings formed in the lower housing
compartment and through the opening formed in a corresponding one of the extensions to couple
the lower housing compartment to the main housing compartment. The camera may include a
camera lens that captures light along an optical axis, in which the optical axis may substantially
parallel to a direction in which acoustic waves produced by the speaker exit the single opening.
The lower housing compartment may be acoustically sealed with respect to the main housing
compartment.

In a further aspect of the present disclosure, a method is provided, the method including:
providing device including an optical apparatus, in which the device further includes a speaker
and a housing enclosing the speaker, the speaker being configured to generate acoustic waves
defining an alarm tone, in which the housing includes a single opening that is located within the
housing such that (i) a front chamber is defined between the speaker and the single opening, and
(i1) acoustic waves generated by the speaker exit through the single opening; and assembling the
device such that the front chamber and the single opening create a resonator having a resonance
frequency within a frequency range of the alarm tone to selectively increase a sound pressure
level of an output of the device corresponding to the alarm tone.

The method may further include acoustically sealing the front chamber such that the
acoustic waves generated by the speaker are directed only through the single opening.

The speaker may include an electrodynamic speaker, the frequency range of the output of
the speaker may be from 400 Hz to 4.0 kHz, and the output of the speaker corresponding to the
alarm tone may fall within a range from 2.0 kHz to 4.0 kHz.

The method may further include defining one or more parameters of the housing such that
the resonance frequency is within a frequency range of the alarm tone to selectively increase the
sound pressure level of the output of the device corresponding to the alarm tone. The one or
more parameters may include a volume of the front chamber, and the method may further include
increasing the volume of the front chamber when the resonance frequency is to be decreased; and
decreasing the volume of the front chamber when the resonance frequency is to be increased.
The one or more parameters may include a cross-sectional area of the single opening, and the
method may further include decreasing the cross-sectional area of the single opening when the
resonance frequency is to be decreased; and increasing the cross-sectional area of the single
opening when the resonance frequency is to be increased. The one or more parameters may

include a length of the single opening, and the method may further include decreasing the length
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of the single opening when the resonance frequency is to be increased; and increasing the length

of the single opening when the resonance frequency is to be decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional examples of the disclosure, as well as features and advantages thereof, will
become more apparent by reference to the description herein taken in conjunction with the
accompanying drawings which are incorporated in and constitute a part of this disclosure. The
figures are not necessarily drawn to scale. Aspects of the present disclosure are described with
reference to the following drawings in which numerals reference like elements, and in which:

FIG. 1 is a perspective view of a device in accordance with the present disclosure.

FIG. 2 is a cross-sectional view of the device of FIG. 1 taken along line 2—2.

FIG. 3 is a perspective view of a portion of another device in accordance with the present
disclosure.

FIG. 4 is a cross-sectional view of the device of FIG. 3 taken along line 4—4.

FIGS. 5-8 are graphs illustrating the effect of various parameters on output sound
pressure level of a device in accordance with the present disclosure.

FIG. 9 is a graph illustrating an output sound pressure level of a device without a
Helmbholtz resonator and devices with Helmholtz resonators.

FIG. 10 is a graph illustrating performance of another device in accordance with the
present disclosure.

FIGS. 11 and 12 are flowcharts illustrating methods in accordance with the present
disclosure.

FIG. 13 is a schematic diagram of a security system, according to some examples
described herein.

FIG. 14 is a schematic diagram of a base station, according to some examples described
herein.

FIG. 15 is a schematic diagram of a keypad, according to some examples described
herein.

FIG. 16 is a schematic diagram of a security sensor, according to some examples
described herein.

FIG. 17 is a schematic diagram of a computing device, according to some examples
described herein.

FIG. 18 is a perspective view of a device in accordance with the present disclosure.

FIG. 19 1s a front view of the device of FIG. 18.
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FIG. 20 is a side view of the device of FIG. 18.

FIG. 21 A is a partially exploded view of the device of FIG. 18.

FIG. 21B is a perspective, cross-sectional view of a portion of the device of FIG. 18 taken
along line 21B—21B.

FIG. 22 is a cross-sectional view of a portion of the device taken along line 22—22 in
FIG. 21B.

FIG. 23 is a perspective, cross-sectional view of a portion of the device of FIG. 22.

FIG. 24 is a detailed view of a portion of FIG. 23.

FIG. 25 is an exploded view of the device of FIG. 18.

FIG. 26 is a graph illustrating a sound pressure output level of a device comprising an
optical apparatus and a resonator device in accordance with the present disclosure, as compared
to the optical apparatus without the resonator device.

FIGS. 27-30 are graphs illustrating the effect of various parameters on a sound pressure
output level of a device in accordance with the present disclosure.

FIGS. 31-34 are cross-sectional views similar to FIG. 22 of a portion of a device in
accordance with the present disclosure.

FIG. 35 is a graph illustrating performance of the devices of FIGS. 31-34.

FIG. 36 is a flowchart illustrating a method in accordance with the present disclosure.

FIG. 37 is a schematic diagram of an image capture device, according to some examples

described herein.

DETAILED DESCRIPTION

For the purposes of promoting an understanding of the principles of the present
disclosure, reference will now be made to the examples illustrated in the drawings, and specific
language will be used to describe the same. It will nevertheless be understood that no limitation
of the scope of the examples described herein is thereby intended.

Many speaker devices that are used to generate an alarm, such as piezoelectric speakers,
are unable to generate output of a sufficient sound pressure level across a broad frequency range
of, for example, 400 Hz to 4.0 kHz. As a result, these speaker devices may generate an alarm
tone with a high sound pressure level but often cannot generate speech because the bandwidth of
piezoelectric speakers generally is not wide enough. In accordance with the present disclosure,
the speaker device may include a Helmholtz resonator that is configured to increase the sound

pressure level of a peak output of the device across a wide enough range to generate an alarm
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tone and speech that are audible to the average person and also intelligible in the case of speech,
with the peak output of the device corresponding to the alarm tone.

The present disclosure provides a solution for improving an output of a speaker device
comprising a housing and a speaker in a manner that minimizes substantial changes to the device,
yet provides improved output. The improved output occurs at a desired frequency or frequency
range, yet does not substantially reduce the output of the device at frequencies below the desired
frequency or frequency range. In one example, the desired frequency or frequency range
corresponds to an alarm tone, such that the output of the speaker device is increased at the
desired frequency or frequency range corresponding to the alarm tone. This increase in output is
achieved by modifying the device such that it defines a Helmholtz resonator having a resonance
frequency at or near a frequency or frequency range of the alarm tone.

FIGS. 1 and 2 show an exemplary device 10 in accordance with the present disclosure.
The device 10 may comprise a speaker 12 (e.g., a loudspeaker) and may be configured to
generate sound. The speaker 12, which is shown schematically in FIG. 2, may be an
electrodynamic speaker and may include a cone or diaphragm 14 and other known components,
such as a magnet 13, a voice coil 15, a chassis 17, a spider 19, a dust cap 21, and a surround 23,
all of which may be collectively referred to as a driver. Furthermore, the device 10 may include
additional electronic components such as, for example, a wireless antenna, microcontroller, audio
amplifier, power circuit, batteries, LED lights (also not shown). A housing 16 receives and
encloses the speaker 12. In the example shown in FIG. 2, the housing 16 comprises an assembly
including a speaker enclosure 18, a cover 20, and a grill 26. The speaker enclosure 18 receives
the speaker 12, and the cover 20 receives and at least partially surrounds the speaker enclosure
18. In other examples (not shown), the housing 16 may comprise either the speaker enclosure 18
or the cover 20, along with the grill 26. In further examples, as described below, the grill 26 may
be integral, such that the housing 16 comprises a single component. The device 10 may comprise
a base station, as described with respect to FIGS. 13 and 14.

With continued reference to FIGS. 1 and 2, the housing 16 may comprise any shape, and
the speaker 12 may be positioned within the housing 16 to define a front chamber 22 between the
diaphragm 14 and one portion of the housing 16. A rear chamber 24 may be defined between the
speaker 12 and another portion of the housing 16. In the example shown in FIGS. 1 and 2, the
housing 16 comprises a first end 16-1 and a second end 16-2, with the front chamber 22 being
defined between the diaphragm 14 and the first end 16-1 of the housing 16 and the rear chamber
24 being defined between the speaker 12 and the second end 16-2 of the housing 16. Hence, in
the example shown in FIGS. 1 and 2, the one portion of the housing 16 is defined by the first end
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16-1 of the housing 16 and the other portion of the housing is defined by the second end 16-2 of
the housing 16.

The housing 16 may comprise a plurality of openings 28 formed within a portion thereof,
specifically the first end 16-1 of the housing 16 in the embodiment of FIGS. 1 and 2. In the
example shown in FIGS. 1 and 2, the grill 26 includes the plurality of openings 28 such that the
grill 26 defines the portion or first end 16-1 of the housing 16. In the example illustrated in
FIGS. 1 and 2, the grill 26 is a separate component coupled to the cover 20. In other examples
(not shown), the grill 26 may be integral with the cover 20, e.g., the plurality of openings 28 may
be formed directly in the cover 20.

The openings 28 may comprise a generally circular shape, as shown in FIGS. 1 and 2, or
may define other shapes (not shown) such as elongated slots, a hexagonal or honeycomb shape,
etc. In the examples shown, the openings 28 are arranged in a series of concentric circles. In
other examples (not shown), the openings may be arranged in a grid comprising one or more
rows. A spacing between the openings 28 within a concentric circle or within a row and/or
between the concentric circles or between the rows may be substantially uniform. With reference
to the detailed view in the inset of FIG. 2, the grill 26 may comprise an inner surface 26-1 and an
outer surface 26-2, and the openings 28 may extend between the inner and outer surfaces 26-1,
26-2. The openings 28 comprise a diameter D and a length L, in which the length L is defined by
a distance between the inner and outer surfaces 26-1, 26-2 of the grill 26, i.e., by a thickness of
the grill 26. The openings 28 also comprise a cross-sectional area, and for circular openings, the
cross-sectional area is defined by a radius (not labeled) of the opening 28. In some examples, the
cross-sectional area of each opening 28 may be uniform along an entirety of the length L, as
shown in FIG. 2. In other examples, the cross-sectional area may vary along at least a portion of
the length L of the opening 28.

FIGS. 3 and 4 depict another exemplary device 110, in which a speaker 112 and a portion
of a housing 116 are shown. The speaker 112 may be substantially similar to the speaker 12
shown in FIG. 2 and may comprise a diaphragm 114 (the additional components of the speaker
112 are not labeled in FIG. 4). Instead of a separate grill, a first end 116-1 of the housing 116
may comprise a cap 126, which is an integral structure that comprises an inner surface 126-1, an
outer surface 126-2, a plurality of openings 128 extending between the inner and outer surfaces
126-1, 126-2, and a sidewall 127 extending outward from the inner surface 126-1. The openings
128 may be substantially similar to the openings 28 shown in FIGS. 1 and 2 and may comprise a
diameter and a length (not labeled), in which the length of individual openings 128 is defined by
a distance between the inner and outer surfaces 126-1, 126-2 of the cap 126. The openings 128
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may also comprise a cross-sectional area. A front chamber 122 is defined between the speaker
112 and the first end 116-1 of the housing 116. The housing 116 may further comprise a cover
and/or speaker enclosure (not shown; may be similar to the cover 20 and/or speaker enclosure 18
shown in FIG. 2) that receives and encloses the speaker 112. In the example shown, the cap 126
may be a separate component that is received in or otherwise coupled to the cover and/or speaker
enclosure. In other examples, the cap 126 may be part of the cover and/or speaker enclosure. A
rear chamber (not shown; see FIG. 2) may be formed between the speaker 112 and a second end
(not shown; see FIG. 1) of the housing 116.

In the devices 10, 110 shown in FIGS. 1-4, the front chamber 22, 122 may be in fluid
communication with an outside environment via the plurality of openings 28, 128. An electronic
audio signal, which could be a wireless audio signal, may be supplied to the device 10,
specifically to the speaker 12, which converts the audio signal to sound in the form of acoustic
waves. The electronic audio signal passes through the coil 15 causing an electro-magnetic field
to be produced, which interacts with a field produced by the magnet 13, causing the coil 15 and
the diaphragm 14, which is attached to the coil 15, to move together. Movement of the
diaphragm 14 causes a disturbance in the air surrounding it and thus produces acoustic waves.
The acoustic waves generated by the speaker 12, 112 generally travel in a direction indicated by
arrow A in FIGS. 2 and 4 toward the first end 16-1, 116-1 of the housing 16, 116 and exit the
housing 16, 116 through the openings 28, 128. Besides the openings 28, 128, the front chamber
22, 122 is otherwise acoustically sealed. Sealing of the front chamber 22, 122 ensures that the
acoustic waves generated by the speaker 12, 112 exit only through the openings 28, 128 and
prevents leakage of acoustic waves between the speaker 12, 112 and the housing 16, 116. The
speaker 12, 112 may comprise a sealing element 30, 130 such as a gasket that provides a seal
between the speaker 12, 112 and the housing 16, 116. As shown in FIG. 2, the device 10 may
include a second sealing element 32 such as a gasket positioned between the grill 26 and the
speaker enclosure 18 and/or cover 20 to prevent acoustic leaks between the grill 26, the speaker
enclosure 18, and/or cover 20. The device 110 shown in FIG. 3 may eliminate the need for a
second sealing element, as the sidewalls 127 of the cap 126 serve to acoustically seal the front
chamber 122.

The speaker 12, 112 may be a security alarm speaker. Such a security alarm speaker 12,
112 may comprise a stand-alone speaker used in a security system for generating an alarm tone
and, preferably, audible speech. One example of a security alarm speaker 12, 112 is an

electrodynamic speaker. It is also contemplated that a security alarm speaker constructed in
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accordance with the present disclosure may be incorporated within any other security system
device, such as smoke alarms, medical devices with alarms, cameras with alarms, and the like.

The electronic audio signal may comprise an alarm signal when it has a value or
magnitude causing the speaker 12, 112 to generate an output comprising an alarm tone. In other
examples, alternatively or in addition, the audio signal may comprise a speech signal when it has
a value or magnitude causing the speaker 12, 112 to generate an output comprising, or otherwise
in the form of, audible speech. The speech signal may correspond to human speech (live or
recorded) or speech synthesized by a computer system. In one particular example, the audio
signal may comprise an alarm signal and/or a speech signal such that the output generated by the
speaker 12, 112 comprises an alarm tone and/or speech. Human speech typically has a frequency
that falls within a range from 400 Hz to 4.0 kHz. Alarm tones typically have a frequency that fall
within a range from 2.0 kHz to 4.0 kHz.

When the diaphragm 14, 114 vibrates, acoustic waves are generated in the front chamber
22, 122 and vent or otherwise escape through the plurality of openings 28, 128. An air volume in
the front chamber 22, 122 acts as an acoustic spring, and air within the plurality of openings 28,
128 acts as an acoustic mass, which collectively create a resonator, specifically a Helmholtz
resonator, as part of the device 10, 110.

Speaker devices often seek to avoid the effects produced by a Helmholtz resonator, which
generally causes one or more peaks in the output, i.e., sound pressure output, of the device at
certain frequencies and a reduction in output at frequencies higher than the Helmholtz resonance
frequency. These peaks are typically undesirable, and speaker devices are typically designed to
have a resonance frequency of the resonator as high as possible so that the resonance frequency
of the device is outside of the frequency bandwidth of the speaker output.

In accordance with the present disclosure, the device 10, 110 is designed to comprise a
Helmholtz resonator. The resonance frequency or frequency range of the Helmholtz resonator of
the device 10, 110 is tuned to match the frequency or frequency range of the output of the
speaker 12, 112 when the speaker 12, 112 is generating the alarm tone, thereby increasing a
sound pressure level of the output of the device 10, 110 when the speaker 12, 112 is generating
the alarm tone. By doing so, the sound pressure level of the output of the device 10, 110 when
generating an alarm tone can be increased without further costs that derive from changing
components of the device 10, 110, as discussed further below.

Designing the resonance frequency or frequency range of the Helmholtz resonator to
match that of the alarm tone may be achieved by designing/configuring/adjusting one or more

parameters of the device 10, 110. In some examples, these parameters may include the volume
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of the front chamber 22, 122 and one or more dimension(s) of the openings 28, 128, specifically
the diameter D of the openings 28, 128. Additional parameters may include, but are not limited
to, other dimensions of the openings 28, 128, such as the length L; a total number of the openings
28, 128; and a percent open area (calculated by multiplying the number of openings 28, 128 by
the cross-sectional area of the openings 28, 128 and dividing by a cross-sectional area of the
diaphragm 14, 114). Hence, the openings 28, 128 may be sized to generate, with the front
chamber 22, 122, the peak output of the device 10, 110 when the speaker 12, 112 is generating
the alarm tone. In particular, the housing 16, 116 (i.e., the front chamber 22, 122 and the
openings 28, 128) may be dimensioned to create a Helmholtz resonator having a resonance
frequency or a narrow resonance frequency range that falls within or matches at least a portion of
the frequency range of the output of the speaker when generating an alarm tone, such that the
resonator is able to selectively increase a sound pressure level of the acoustic waves output by the
device 10, 110 within this portion of the frequency range of the output of the speaker 12, 112
corresponding to the alarm tone. This increase in sound level may be achieved without further
costs or alteration of the design or capabilities of the device 10, 110, such as speaker size, battery
life, etc.

A guide to provide a rough estimate of the resonance frequency of a Helmholtz resonator

may be calculated using the following basic equation:

1 KFront

(1)

Helm = 5~
f 27 | Mopenings

KFront 1s a front chamber spring stiffness and may be calculated using the following
equation:

2
_ PoCo

Keront = v @

MQpenings is an acoustic mass of the plurality of openings 28 and may be calculated

using the following equation:

o
MOpenings = n_(; L 3)

in which:

po 1s a density of a fluid medium, e.g., about 1.2kg/m? for air;

PATENT
REEL: 065226 FRAME: 0128



10

15

20

25

30

SS-23-005US-U-01 12

o 1s a speed of sound in the fluid medium, e.g., about 345m/s for air;
V is a volume of air in the front chamber [m?];

S is a cross-sectional area of a single opening [m?];

n is a number of openings; and

L is a length of each opening [m].

The formula for MQpenings may be adapted to more accurately account for end effects

and spacing of the openings as follows:

a

MOpenings = % {L +1.7a (1 - E)} kg/m4 @

in which:
L is alength of each opening [m]
a is aradius of the opening [m]; and

b is a center-to-center distance between adjacent openings [m].

Equation (4) is described in Beranek, Leo L. Beranek, and Tim J. Mellow. Acoustics:
Sound Fields and Transducers, Academic Press, 2012, Page 130. When designing a Helmholtz
resonator with a desired resonance frequency, equations (1)-(4) may be used to determine a
rough estimate for one or more parameter values for the Helmholtz resonator. As discussed
further below, from this starting point, one or more of the parameters from equations (1)-(4) may
be adjusted/varied until final values of the one or more parameters result in a Helmholtz
resonator that generates a peak output of the device 10, 110 equal to the frequency or within the
frequency range of the output of the speaker 12, 112, particularly when the speaker 12, 112
generates an alarm tone. Parameters used in equations (1)-(4) are discussed below with regard to
FIGS. 5-8, which simulate the effect of various parameters on a peak output sound pressure level
of a device and a frequency at which the peak output sound pressure level is observed.

In some examples, the speaker 12, 112 may be an electrodynamic speaker that is capable
of generating an output within a frequency range of 400 Hz to 4.0 kHz. The frequency range of
the alarm tone may fall within a range from 2.0 kHz and 4.0 kHz, and in one particular example,
the frequency range of the alarm tone may be from 2.5 kHz to 2.7 kHz. The Helmholtz resonator
may be configured to increase the sound pressure level of the peak output of the device 10, 110
when generating an alarm tone by at least 6 decibels (dB), and preferably by 10 dB or more.
Sound pressure output is typically measured in units of dBSPL (decibels relative to 20uPa).
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FIGS. 5-8 provide graphs simulating the effect of various parameters on a peak output
sound pressure level of a device and a frequency at which the peak output sound pressure level is
observed. FIG. 5 illustrates the effects of changing the front chamber volume while holding all
other device parameters constant. As compared to a nominal or baseline level, increasing the
front chamber volume (2X) decreases the frequency at which the peak output sound pressure
level is observed, and decreasing the front chamber volume (0.5X) increases the frequency at
which the peak output sound pressure level is observed. Increasing the front chamber volume
also slightly increases the peak output sound pressure level, while decreasing the front chamber
volume slightly decreases the peak output sound pressure level.

FIG. 6 illustrates the effects of changing the diameter or cross-sectional area of the
openings while holding all other device parameters constant, including the number of openings
provided. As compared to a nominal or baseline level, increasing the diameter of the openings
slightly increases the frequency at which the peak output sound pressure level is observed, and
decreasing the diameter decreases the frequency at which the peak output sound pressure level is
observed. Increasing the diameter of openings also slightly decreases the peak output sound
pressure level, while decreasing the diameter increases the peak output sound pressure level. It is
also noted that increasing the total open area in the grill 26 or cap 126, wherein the total open
area in the grill 26 or cap 126 = (the total number of openings 28, 128 in the grill 26 or cap 126)
X (the cross sectional area of each opening), while holding all other parameters constant,
increases the frequency at which the peak output sound pressure level is observed, and
decreasing the total open area in the grill 26 or cap 126 decreases the frequency at which the peak
output sound pressure level is observed.

FIG. 7 illustrates the effects of changing the total number of openings while holding all
other device parameters constant. As compared to a nominal or baseline level, increasing the
total number of openings slightly increases the frequency at which the peak output sound
pressure level is observed, and decreasing the total number of openings decreases the frequency
at which the peak output sound pressure level is observed. Increasing the total number of
openings also slightly decreases the peak output sound pressure level, while decreasing the total
number of openings increases the peak output sound pressure level.

FIG. 8 illustrates the effects of the opening length while holding all other device
parameters constant. As compared to a nominal or baseline level, increasing the opening length
decreases the frequency at which the peak output sound pressure level is observed, and

decreasing the opening length increases the frequency at which the peak output sound pressure
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level is observed. Increasing the opening length also increases the peak output sound pressure
level, while decreasing the opening length decreases the peak output sound pressure level.

As noted above, a speaker device having a Helmholtz resonator with a desired resonance
frequency may be designed using equations (1)-(4). Starting with a known, desired Helmholtz
resonance frequency, such as one equal to the frequency of an alarm tone, initial values for one
or more parameters of the speaker device may be determined using equations (1)-(4). Thereafter,
a speaker device is built to determine if the output of the speaker device has a resonance
frequency equal to or near the desired resonance frequency. If not, one or more of the parameters
may be adjusted until those parameters result in a physical speaker device having the desired
resonance frequency. FIGS. 5-8 provide guidance for adjusting one or more of the parameters
set out in FIGS. (1)-(4). For example, as shown in FIGS. 5-8, when a resonance frequency of a
speaker device is higher than the desired resonance frequency (i.e., the frequency at which the
peak output sound pressure level is observed is higher than desired), the front chamber volume
may be increased, the diameter and/or total number of the openings may be decreased, and/or the
opening length may be increased. Also as shown in FIGS. 5-8, when the resonance frequency of
the speaker device is lower than the desired resonance frequency (i.e., the frequency at which the
peak output sound pressure level is observed is lower than desired), the front chamber volume
may be decreased, the diameter and/or total number of the openings may be increased, and/or the
opening length may be decreased. In this manner, the final values of the one or more parameters
may be selected such that the Helmholtz resonator generates a peak output sound pressure level
of the device that is equal to the desired frequency or within the desired frequency range,
specifically a frequency or frequency range corresponding to an alarm tone.

Examples
In the following example, three devices are constructed and tested, in which the

parameters of each device are as follows:

Device (1) No Gasket

Volume of front chamber = 20 cm?

Number of circular openings = 529

Spacing between the concentric circles of openings =2.5 mm
Spacing between openings within each concentric circle = 2.0 mm
Diameter of openings = 1.0 mm

Cross-sectional area of openings = 0.75 mm?
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Length of the openings = 1.6 mm
Helmbholtz frequency = N/A (front chamber not sealed)

1W/1m Sound pressure output average within alarm range: 78.1 dBSPL

Device (2) Add Gasket

Volume of front chamber = 20 cm?

Number of circular openings = 529

Spacing between the concentric circles of openings = 2.5 mm
Spacing between openings within each concentric circle = 2.0 mm
Diameter of openings = 1.0 mm

Cross-sectional area of openings = 0.75 mm?

Length of the openings = 1.6 mm

Helmbholtz frequency = 3.15 kHz

1W/1m Sound pressure output average within alarm range: 83.4 dBSPL

Device (3) Adjust Grill Dimensions

Volume of front chamber = 20 cm?

Number of circular openings = 121

Spacing between the concentric circles of openings = 4.2 mm
Spacing between openings within each concentric circle = 3.1 mm
Diameter of openings = 1.8 mm

Cross-sectional area of openings = 2.54 mm?

Length of the openings = 3 mm

Helmbholtz frequency = 2.58 kHz

1W/1m Sound pressure output average within alarm range: 86.9 dBSPL

FIG. 9 illustrates an output sound pressure level of Devices (1)-(3), which demonstrates
the effects of acoustically sealing the front chamber and adjusting the number and dimensions of
the openings on the sound pressure output level at a desired frequency or within a desired
frequency range. The sound pressure output level is a sound pressure output average within the

frequency range of an alarm when driven by a sine wave with 1 Watt RMS and measured at a
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distance of 1 meter from the device. The speaker used in Devices (1)-(3) is an electrodynamic
speaker (Can Products Co., Ltd.; P/N: ED5040RR045WC-H27).

The solid line (“(1) No Gasket™) in FIG. 9 corresponds to Device (1) above, which lacks a
gasket between the speaker and the housing and does not create a Helmholtz resonator. The
dashed line (“(2) Add Gasket™) corresponds to Device (2) above, which is the same as Device (1)
except that a gasket is added to seal the front chamber volume (see FIG. 2), such that a
Helmholtz resonator is created with a resonance frequency of 3.15 kHz. The dotted line (“(3)
Adjust Grill Dimensions™) corresponds to Device (3) above, which is similar to Device (2) but
with fewer openings. In addition, each opening in Device (3) has a greater diameter, cross-
sectional area, and length, and a spacing between the concentric circles of openings and within
the concentric circles is greater, as compared to the corresponding parameters of Device (2). Itis
believed that because the total open area in the grill of Device (3) was reduced as compared to
Device (2), the resonance frequency was reduced. Device (3) includes a gasket and creates a
Helmholtz resonator having a lower resonance frequency of 2.58 kHz. A desired frequency
range of 2.5 kHz to 2.7 kHz, i.e., the frequency range of an alarm tone, is indicated with vertical
dashed lines in FIG. 9.

It can be seen in FIG. 9 that Device (1) demonstrates the lowest average sound pressure
output level (78.1 dBSPL) of the three devices within the desired frequency range of 2.5 kHz to
2.7 kHz. In addition, the average sound pressure output level of Device (1) within the range of
2.5 kHz to 2.7 kHz decreases slightly, as compared to adjacent frequencies, and the peak sound
pressure output level of Device (1) occurs outside the desired frequency range. Adding the
gasket in Device (2) to create a Helmholtz resonator results in an increase in the average sound
pressure output level (83.4 dBSPL) within the desired frequency range of 2.5 kHz to 2.7 kHz, as
compared to Device (1). However, the peak sound pressure output level of Device (2) still
occurs outside the desired frequency range. Adding the gasket and adjusting the number and
dimensions of the openings in Device (3) results in a further increase in the average sound
pressure output level (86.9 dBSPL) within the desired frequency range of 2.5 kHz to 2.7 kHz, as
compared to Device (2). It can also be seen that the peak sound pressure output level of Device
(3) occurs within the desired frequency range.

Another device in accordance with the present disclosure is constructed and tested, in

which the parameters of the device are as follows:

Device (4)

Volume of front chamber = 20 ¢cm’?
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Number of circular openings = 225

Spacing between the concentric circles of openings = 3.3 mm
Spacing between openings within each concentric circle =2.6 mm
Diameter of openings = 1.6 mm

Cross-sectional area of openings = 2.0 mm?

Length of the openings = 1.6 mm

Helmbholtz frequency = 2.65 kHz

1W/1m Sound pressure output average within alarm range: 89.2dBSPL

Device (4) is similar to Device (3) and includes a gasket to acoustically seal the front
chamber. The speaker used in Device (4) is an electrodynamic speaker (Ole Wolff; P/N: OWS-
5026TA-4A). FIG. 10 illustrates an output sound pressure level of Device (4). A desired
frequency range of 2.5 kHz to 2.7 kHz, i.e., the frequency range of an alarm tone, is indicated
with vertical dashed lines in FIG. 10. It can be seen that the parameters of Device (4) result in an
increase in the average sound pressure output level (89.2 dBSPL) within the desired frequency
range of 2.5 kHz to 2.7 kHz, as compared to adjacent frequencies.

FIGS. 11 and 12 are flowcharts illustrating methods in accordance with the present
disclosure. FIG. 11 illustrates a method 200 for assembling a device, the method 200 comprising
providing a speaker and a housing at 210. The speaker may include a diaphragm and may be
configured to generate sound. The housing may comprise a plurality of openings within one
portion. At 220, the housing and the speaker are assembled to form the device such that the
housing encloses the speaker and the speaker is positioned within the housing to define a front
chamber between the diaphragm and the one portion. With reference to FIG. 1, in one example,
the device 10 may be formed by disposing the speaker 12 in the housing 16, specifically the
speaker enclosure 18, such that the housing 16 encloses the speaker 12; mounting the grill 26 to
the cover 20; and placing the cover 20 and the grill 26 over the speaker enclosure 18. When the
speaker is disposed in the housing 16, the speaker may be positioned relative to a portion, i.e., the
first end 16-1, of the housing to define the front chamber 22. In the example shown, a base 36
receives the housing 16. As described herein, the plurality of openings may be sized to
collectively generate, with the front chamber, an increased output of the device within a
frequency range of an output of the speaker corresponding to an alarm tone. The method 200

may then conclude.
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The method 200 may optionally further comprise dimensioning the housing such that the
front chamber and the plurality of openings create a resonator having a resonance frequency
within the frequency range of the alarm tone to selectively increase a sound pressure level of the
output of the device corresponding to the alarm tone, as described herein with respect to, for
example, FIGS. 5-8.

In some examples, the speaker may comprise an electrodynamic speaker capable of
generating an output within a frequency range of from 400 Hz to 4.0 kHz. In other examples, the
increased output of the device may comprise a peak output of the device within the frequency
range of the output of the speaker corresponding to the alarm tone.

The method 200 may optionally further comprise acoustically sealing the front chamber
as described herein such that acoustic waves generated by the speaker are directed only through
the plurality of openings. In particular, configuring the housing may include adding a gasket to
acoustically seal the front chamber.

The method 200 may optionally further comprise configuring the housing and the speaker
such that a sound pressure level of the output of the speaker is increased by at least 6 dB, as
described herein.

FIG. 12 illustrates a method 300 comprising providing a speaker at 310 and providing a
housing at 320, in which the speaker includes a diaphragm and the housing is for enclosing the
speaker and includes a plurality of openings within one portion of the housing. At 330, the
speaker is positioned within the housing to define a sealed front chamber between the diaphragm
and the one portion, as described herein, in which the speaker and the housing define a device.
At 340, one or more parameters of the device are defined to collectively create a resonator having
a resonance frequency matching at least a portion of a frequency range of an output of the
speaker corresponding to an alarm tone, as described herein with respect to, for example, FIGS.
5-8. The method 300 may then conclude.

In some examples, the speaker may comprise an electrodynamic speaker, the frequency
range of the output of the speaker may be from 400 Hz to 4.0 kHz, and the output of the speaker
corresponding to the alarm tone may fall within a range from 2.0 kHz to 4.0 kHz.

The one or more parameters may comprise a volume of the front chamber, and the
method 300 may optionally further comprise increasing the volume of the front chamber when
the resonance frequency is to be decreased and decreasing the volume of the front chamber when
the resonance frequency is to be increased, as described herein.

The one or more parameters may comprise a cross-sectional area of each of the openings,

and the method 300 may optionally further comprise decreasing the cross-sectional area of the
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openings when the resonance frequency is to be decreased and increasing the cross-sectional area
of the openings when the resonance frequency is to be increased, as described herein.

In some examples, a device in accordance with the present disclosure may be part of a
security system. FIG. 13 is a schematic diagram of a security system 400 configured to establish
and utilize zones in accordance with some examples. As shown in FIG. 13, the system 400
includes a monitored location 402A, a monitoring center environment 420, a data center
environment 424, one or more customer devices 422, and a communication network 418. Each of
the monitored location 402A, the monitoring center 420, the data center 424, the one or more
customer devices 422, and the communication network 418 include one or more computing
devices (e.g., as described below with reference to FIG. 17). The one or more customer devices
422 are configured to host one or more customer interface applications 432. The monitoring
center environment 420 is configured to host one or more monitor interface applications 430. The
data center environment 424 is configured to host a surveillance service 428 and one or more
transport services 426. The location 402A includes image capture devices 404 and 410, a contact
sensor assembly 406, a keypad 408, a motion sensor assembly 412, a base station 414, and a
router 416. The base station 414 hosts a surveillance client 436.

In some examples, the router 416 is a wireless router that is configured to communicate
with the devices disposed in the location 402A (e.g., devices 404, 406, 408, 410, 412, and 414)
via communications that comport with a communications standard such as any of the various
Institute of Electrical and Electronics Engineers (IEEE) 108.11 standards. As illustrated in FIG.
13, the router 416 is also configured to communicate with the network 418. It should be noted
that the router 416 implements a local area network (LAN) within and proximate to the location
402A by way of example only. Other networking technology that involves other computing
devices is suitable for use within the location 402A. For instance, in some examples, the base
station 414 can receive and forward communication packets transmitted by the image capture
device 410 via a point-to-point personal area network (PAN) protocol, such as BLUETOOTH.
Other wired, wireless, and mesh network technology and topologies will be apparent with the
benefit of this disclosure and are intended to fall within the scope of the examples disclosed
herein.

Continuing with the example of FIG. 13, the network 418 can include one or more public
and/or private networks that support, for example, internet protocol (IP). The network 418 may
include, for example, one or more LANSs, one or more PANs, and/or one or more wide area
networks (WANSs). The LANs can include wired or wireless networks that support various LAN
standards, such as a version of IEEE 108.11 and the like. The PANSs can include wired or
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wireless networks that support various PAN standards, such as BLUETOOTH, ZIGBEE, and the
like. The WANS can include wired or wireless networks that support various WAN standards,
such as Code Division Multiple Access (CDMA), Global System for Mobiles (GSM), and the
like. The network 418 connects and enables data communication between the computing devices
within the location 402 A, the monitoring center environment 420, the data center environment
424, and the customer devices 422. In at least some examples, both the monitoring center
environment 420 and the data center environment 424 include network equipment (e.g., similar
to the router 416) that is configured to communicate with the network 418 and computing
devices collocated with or near the network equipment.

Continuing with the example of FIG. 13, the data center environment 424 can include
physical space, communications, cooling, and power infrastructure to support networked
operation of computing devices. For instance, this infrastructure can include rack space into
which the computing devices are installed, uninterruptible power supplies, cooling plenum and
equipment, and networking devices. The data center environment 424 can be dedicated to the
security system 400, can be a non-dedicated, commercially available cloud computing service
(e.g., MICROSOFT AZURE, AMAZON WEB SERVICES, GOOGLE CLOUD, or the like), or
can include a hybrid configuration made up of dedicated and non-dedicated resources.
Regardless of its physical or logical configuration, as shown in FIG. 13, the data center
environment 424 is configured to host the surveillance service 428 and the transport services 426.

Continuing with the example of FIG. 13, the monitoring center environment 420 can
include a plurality of computing devices (e.g., desktop computers) and network equipment (e.g.,
one or more routers) connected to the computing devices and the network 418. The customer
devices 422 can include personal computing devices (e.g., a desktop computer, laptop, tablet,
smartphone, or the like) and network equipment (e.g., a router, cellular modem, cellular radio, or
the like). As illustrated in FIG. 13, the monitoring center environment 420 is configured to host
the monitor interfaces 430 and the customer devices 422 are configured to host the customer
interfaces 432.

Continuing with the example of FIG. 13, the devices 404, 406, 410, and 412 are
configured to acquire analog signals via sensors incorporated into the devices, generate digital
sensor data based on the acquired signals, and communicate (e.g. via a wireless link with the
router 416) the sensor data to the base station 414. The type of sensor data generated and
communicated by these devices varies along with the type of sensors included in the devices. For
instance, the image capture devices 404 and 410 can acquire ambient light, generate frames of

image data based on the acquired light, and communicate the frames to the base station 414,
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although the pixel resolution and frame rate may vary depending on the capabilities of the
devices. In some examples, the image capture devices 404 and 410 can also receive and store
filter zone configuration data and filter the frames using one or more filter zones prior to
communicating the frames to the base station 414. As shown in FIG. 13, the image capture
device 404 has an FOV that originates proximal to a front door of the location 402A and can
acquire images of a walkway, highway, and a space between the location 402 A and the highway.
The image capture device 410 has an FOV that originates proximal to a bathroom of the location
402A and can acquire images of a living room and dining area of the location 402A. The image
capture device 410 can further acquire images of outdoor areas beyond the location 402A
through windows 417A and 417B on the right side of the location 402A.

Continuing with the example of FIG. 13, the contact sensor assembly 406 includes a
sensor that can detect the presence or absence of a magnetic field generated by a magnet when
the magnet is proximal to the sensor. When the magnetic field is present, the contact sensor
assembly 406 generates Boolean sensor data specifying a closed state. When the magnetic field is
absent, the contact sensor assembly 406 generates Boolean sensor data specifying an open state.
In either case, the contact sensor assembly 406 can communicate sensor data indicating whether
the front door of the location 402A is open or closed to the base station 414. The motion sensor
assembly 412 can include an audio emission device that can radiate sound (e.g., ultrasonic)
waves and an audio sensor that can acquire reflections of the waves. When the audio sensor
detects the reflection because no objects are in motion within the space monitored by the audio
sensor, the motion sensor assembly 412 generates Boolean sensor data specifying a still state.
When the audio sensor does not detect a reflection because an object is in motion within the
monitored space, the motion sensor assembly 412 generates Boolean sensor data specifying an
alert state. In either case, the motion sensor assembly 412 can communicate the sensor data to the
base station 414. It should be noted that the specific sensing modalities described above are not
limiting to the present disclosure. For instance, as one of many potential examples, the motion
sensor assembly 412 can base its operation on acquisition of changes in temperature rather than
changes in reflected sound waves.

Continuing with the example of FIG. 13, the keypad 408 is configured to interact with a
user and interoperate with the other devices disposed in the location 402A in response to
interactions with the user. For instance, in some examples, the keypad 408 is configured to
receive input from a user that specifies one or more commands and to communicate the specified
commands to one or more addressed devices or processes. These addressed devices or processes

can include one or more of the devices disposed in the location 402 A and/or one or more of the
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monitor interfaces 430 or the surveillance service 428. The commands can include, for example,
codes that authenticate the user as a resident of the location 402 A and/or codes that request
activation or deactivation of one or more of the devices disposed in the location 402A.
Alternatively or additionally, in some examples, the keypad 408 includes a user interface (e.g., a
tactile interface, such as a set of physical buttons or a set of virtual buttons on a touchscreen)
configured to interact with a user (e.g., receive input from and/or render output to the user).
Further still, in some examples, the keypad 408 can receive responses to the communicated
commands and render the responses via the user interface as visual or audio output.

Continuing with the example of FIG. 13, the base station 414 is configured to interoperate
with other security system devices disposed at the location 402 A to provide local command and
control and store-and-forward functionality via execution of the surveillance client 436. In some
examples, to implement store-and-forward functionality, the base station 414, through execution
of the surveillance client 436, receives sensor data, packages the data for transport, and stores the
packaged sensor data in local memory for subsequent communication. This communication of
the packaged sensor data can include, for instance, transmission of the packaged sensor data as a
payload of a message to one or more of the transport services 426 when a communication link to
the transport services 426 via the network 418 is operational. In some examples, packaging the
sensor data can include filtering the sensor data using one or more filter zones and/or generating
one or more summaries (maximum values, average values, changes in values since the previous
communication of the same, etc.) of multiple sensor readings. To implement local command and
control functionality, the base station 414 executes a variety of programmatic operations through
execution of the surveillance client 436 in response to various events. Examples of these events
can include reception of commands from the keypad 408, reception of commands from one of the
monitor interfaces 430 or the customer interface application 432 via the network 418, or
detection of the occurrence of a scheduled event. The programmatic operations executed by the
base station 414 via execution of the surveillance client 436 in response to events can include
activation or deactivation of one or more of the devices 404, 406, 408, 410, and 412; sounding of
an alarm, e.g., in response to receiving an audio signal; reporting an event to the surveillance
service 428; and communicating location data to one or more of the transport services 426 to
name a few operations. The location data can include data specifying sensor readings (sensor
data), configuration data of any of the devices disposed at the location 402A, commands input
and received from a user (e.g., via the keypad 408 or a customer interface 432), or data derived
from one or more of these data types (e.g., filtered sensor data, summarizations of sensor data,

event data specifying an event detected at the location via the sensor data, etc.).
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Continuing with the example of FIG. 13, the transport services 426 are configured to
receive messages from monitored locations (e.g., the location 402A), parse the messages to
extract payloads included therein, and store the payloads and/or data derived from the payloads
within one or more data stores hosted in the data center environment 424. In some examples, the
transport services 426 expose and implement one or more application programming interfaces
(APIs) that are configured to receive, process, and respond to calls from base stations (e.g., the
base station 414) via the network 418. Individual instances of a transport service within the
transport services 426 can be associated with and specific to certain manufactures and models of
location-based monitoring equipment (e.g., SIMPLISAFE equipment, RING equipment, etc.).
The APIs can be implemented using a variety of architectural styles and interoperability
standards. For instance, in one example, the API is a web services interface implemented using a
representational state transfer (REST) architectural style. In this example, API calls are encoded
in Hypertext Transfer Protocol (HTTP) along with JavaScript Object Notation and/or extensible
markup language. These API calls are addressed to one or more uniform resource locators
(URLs) that are API endpoints monitored by the transport services 426. In some examples,
portions of the HTTP communications are encrypted to increase security. Alternatively or
additionally, in some examples, the API is implemented as a . NET web API that responds to
HTTP posts to particular URLs. Alternatively or additionally, in some examples, the API is
implemented using simple file transfer protocol commands. Thus, the APIs as described herein
are not limited to any particular implementation.

Continuing with the example of FIG. 13, the surveillance service 428 is configured to
control overall logical setup and operation of the system 400. As such, the surveillance service
428 can interoperate with the transport services 426, the monitor interfaces 430, the customer
interfaces 432, and any of the devices disposed at the location 402A via the network 418. In
some examples, the surveillance service 428 is configured to monitor data from a variety of
sources for reportable events (e.g., a break-in event) and, when a reportable event is detected,
notify one or more of the monitor interfaces 430 and/or the customer interfaces 432 of the
reportable event. In some examples, the surveillance service 428 is also configured to maintain
state information regarding the location 402A. This state information can indicate, for instance,
whether the location 402A is safe or under threat. In certain examples, the surveillance service
428 1s configured to change the state information to indicate that the location 402A is safe only
upon receipt of a communication indicating a clear event (e.g., rather than making such a change
in response to discontinuation of reception of break-in events). This feature can prevent a “crash

and smash” robbery from being successfully executed. In addition, in some examples, the
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surveillance service 428 is configured to setup and utilize zones. Such setup of the zones can
include interacting with monitoring personnel via the monitor interfaces 430, interacting with a
customer via a customer interface 432, and/or executing autonomous zone recommendation
processes as described herein.

Continuing with the example of FIG. 13, individual monitor interfaces 430 are configured
to control computing device interaction with monitoring personnel and to execute a variety of
programmatic operations in response to the interactions. For instance, in some examples, the
monitor interface 430 controls its host device to provide information regarding reportable events
detected at monitored locations, such as the location 402A, to monitoring personnel. Such events
can include, for example, movement within an intruder zone or outside a filter zone.
Alternatively or additionally, in some examples, the monitor interface 430 controls its host
device to interact with a user to configure features of the system 400, such as one or more
monitor zones.

Continuing with the example of FIG. 13, individual customer interfaces 432 are
configured to control computing device interaction with a customer and to execute a variety of
programmatic operations in response to the interactions. For instance, in some examples, the
customer interface 432 controls its host device to provide information regarding reportable events
detected at monitored locations, such as the location 402 A, to the customer. Such events can
include, for example, movement within an intruder zone or outside a filter zone. Alternatively or
additionally, in some examples, the customer interface 432 is configured to process input
received from the customer to activate or deactivate one or more of the devices disposed within
the location 402A. Further still, in some examples, the customer interface 432 configures features
of the system 400, such as one or more customer zones, in response to input from a user.

Turning now to FIG. 14, an example base station 414 is schematically illustrated. A
device 10, 110 in accordance with the present disclosure may comprise or be included as part of
the base station 414. As shown in FIG. 14, the base station 414 includes at least one processor
500, volatile memory 502, non-volatile memory 506, at least one network interface 504, a user
interface 512, a battery 514, and an interconnection mechanism 516. The non-volatile memory
506 stores executable code 508 and includes a data store 510. In some examples illustrated by
FIG. 14, the features of the base station 414 enumerated above are incorporated within, or are a
part of, a housing 518.

In some examples, the non-volatile (non-transitory) memory 506 includes one or more
read-only memory (ROM) chips; one or more hard disk drives or other magnetic or optical

storage media; one or more solid state drives (SSDs), such as a flash drive or other solid-state

PATENT

REEL: 065226 FRAME: 0141



10

15

20

25

30

SS-23-005US-U-01 25

storage media; and/or one or more hybrid magnetic and SSDs. In certain examples, the code 508
stored in the non-volatile memory can include an operating system and one or more applications
or programs that are configured to execute under the operating system. Alternatively or
additionally, the code 508 can include specialized firmware and embedded software that is
executable without dependence upon a commercially available operating system. Regardless,
execution of the code 508 can implement the surveillance client 436 of FIG. 13 and can result in
manipulated data that is a part of the data store 510.

Continuing the example of FIG. 14, the processor 500 can include one or more
programmable processors to execute one or more executable instructions, such as a computer
program specified by the code 508, to control the operations of the base station 414. As used
herein, the term "processor" describes circuitry that executes a function, an operation, or a
sequence of operations. The function, operation, or sequence of operations can be hard coded
into the circuitry or soft coded by way of instructions held in a memory device (e.g., the volatile
memory 502) and executed by the circuitry. In some examples, the processor 500 is a digital
processor, but the processor 500 can be analog, digital, or mixed. As such, the processor 500 can
execute the function, operation, or sequence of operations using digital values and/or using
analog signals. In some examples, the processor 500 can be embodied in one or more application
specific integrated circuits (ASICs), microprocessors, digital signal processors (DSPs), graphics
processing units (GPUs), neural processing units (NPUs), microcontrollers, field programmable
gate arrays (FPGAs), programmable logic arrays (PLAs), or multicore processors. Examples of
the processor 500 that are multicore can provide functionality for parallel, simultaneous
execution of instructions or for parallel, simultaneous execution of one instruction on more than
one piece of data.

Continuing with the example of FIG. 14, prior to execution of the code 508 the processor
500 can copy the code 508 from the non-volatile memory 506 to the volatile memory 502. In
some examples, the volatile memory 502 includes one or more static or dynamic random access
memory (RAM) chips and/or cache memory (e.g. memory disposed on a silicon die of the
processor 500). Volatile memory 502 can offer a faster response time than a main memory, such
as the non-volatile memory 506.

Through execution of the code 508, the processor 500 can control operation of the
network interface 504. For instance, in some examples, the network interface 504 includes one or
more physical interfaces (e.g., a radio, an ethernet port, a universal serial bus (USB) port, etc.)
and a software stack including drivers and/or other code 508 that is configured to communicate

with the one or more physical interfaces to support one or more LAN, PAN, and/or WAN
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standard communication protocols. The communication protocols can include, for example,
transmission control protocol (TCP) and user datagram protocol (UDP) among others. As such,
the network interface 504 enables the base station 414 to access and communicate with other
computing devices (e.g., the other devices disposed in the location 402A of FIG. 13) viaa
computer network (e.g., the LAN established by the router 416 of FIG. 13, the network 418 of
FIG. 13, and/or a point-to-point connection). For instance, in at least one example, the network
interface 504 utilizes sub-GHz wireless networking to transmit wake messages to the other
computing devices to request streams of sensor data.

Through execution of the code 508, the processor 500 can control operation of hardware
and a software stack including drivers and/or other code 508 that is configured to communicate
with other system devices. As such, the base station 414 interacts with other system components
in response to received inputs. The input can specify values to be stored in the data store 510.
The output can indicate values stored in the data store 510. It should be noted that, in some
examples, the base station 414 may include one or more light-emitting diodes (LEDs) to visually
communicate information, such as system status or alarm events. Alternatively or additionally, in
some examples, the base station 414 includes a 95db siren that the processor 500 sounds to
indicate that a break-in event has been detected.

Continuing with the example of FIG. 14, the various features of the base station 414
described above can communicate with one another via the interconnection mechanism 516. In
some examples, the interconnection mechanism 516 includes a communications bus. In addition,
in some examples, the battery assembly 514 is configured to supply operational power to the
various features of the base station 414 described above. In some examples, the battery assembly
514 includes at least one rechargeable battery (e.g., one or more NiMH or lithium batteries). In
some examples, the rechargeable battery has a runtime capacity sufficient to operate the base
station 414 for 24 hours or longer while the base station 414 is disconnected from or otherwise
not receiving line power. Alternatively or additionally, in some examples, the battery assembly
514 includes power supply circuitry to receive, condition, and distribute line power to both
operate the base station 414 and recharge the rechargeable battery. The power supply circuitry
can include, for example, a transformer and a rectifier, among other circuitry, to convert AC line
power to DC device and recharging power.

Turning now to FIG. 15, an example keypad 408 is schematically illustrated. As shown in
FIG. 15, the keypad 408 includes at least one processor 600, volatile memory 602, non-volatile
memory 606, at least one network interface 604, a user interface 612, a battery assembly 614, and

an interconnection mechanism 616. The non-volatile memory 606 stores executable code 608
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and data store 610. In some examples illustrated by FIG. 15, the features of the keypad 408
enumerated above are incorporated within, or are a part of, a housing 618.

In some examples, the respective descriptions of the processor 500, the volatile memory
502, the non-volatile memory 506, the interconnection mechanism 516, and the battery assembly
514 with reference to the base station 414 are applicable to the processor 600, the volatile
memory 602, the non-volatile memory 606, the interconnection mechanism 616, and the battery
assembly 614 with reference to the keypad 408. As such, those descriptions will not be repeated
here.

Continuing with the example of FIG. 15, through execution of the code 608, the processor
600 can control operation of the network interface 604. In some examples, the network interface
604 includes one or more physical interfaces (e.g., a radio, an ethernet port, a USB port, etc.) and
a software stack including drivers and/or other code 608 that is configured to communicate with
the one or more physical interfaces to support one or more LAN, PAN, and/or WAN standard
communication protocols. These communication protocols can include, for example, TCP and
UDP, among others. As such, the network interface 604 enables the keypad 408 to access and
communicate with other computing devices (e.g., the other devices disposed in the location 402A
of FIG. 13) via a computer network (e.g., the LAN established by the router 416).

Continuing with the example of FIG. 15, through execution of the code 608, the processor
600 can control operation of the user interface 612. In some examples, the user interface 612
includes user input and/or output devices (e.g., physical keys arranged as a keypad, a
touchscreen, a display, a speaker, a camera, a biometric scanner, an environmental sensor, etc.)
and a software stack including drivers and/or other code 608 that is configured to communicate
with the user input and/or output devices. As such, the user interface 612 enables the keypad 408
to interact with users to receive input and/or render output. This rendered output can include, for
instance, one or more GUIs including one or more controls configured to display output and/or
receive input. The input can specify values to be stored in the data store 610. The output can
indicate values stored in the data store 610. It should be noted that, in some examples, parts of
the user interface 612 (e.g., one or more LEDs) are accessible and/or visible as part of, or
through, the housing 618.

Turning now to FIG. 16, an example security sensor assembly 722 is schematically
illustrated. Particular configurations of the security sensor assembly 722 (e.g., the image capture
devices 404 and 410, the motion sensor assembly 412, and the contact sensor assemblies 406) are
illustrated in FIG. 13 and described above. As shown in FIG. 16, the sensor assembly 722

includes at least one processor 700, volatile memory 702, non-volatile memory 706, at least one
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network interface 704, a battery assembly 714, an interconnection mechanism 716, and at least
one sensor 720. The non-volatile memory 706 stores executable code 708 and data store 710.
Some examples include a user interface 712. In certain examples illustrated by FIG. 16, the
features of the sensor assembly 722 enumerated above are incorporated within, or are a part of, a
housing 718.

In some examples, the respective descriptions of the processor 500, the volatile memory
502, the non-volatile memory 506, the interconnection mechanism 516, and the battery assembly
514 with reference to the base station 414 are applicable to the processor 700, the volatile
memory 702, the non-volatile memory 706, the interconnection mechanism 716, and the battery
assembly 714 with reference to the sensor assembly 722. As such, those descriptions will not be
repeated here.

Continuing with the example of FIG. 16, through execution of the code 708, the processor
700 can control operation of the network interface 704 and the user interface 712. In some
examples, the network interface 704 includes one or more physical interfaces (e.g., aradio, an
ethernet port, a USB port, etc.) and a software stack including drivers and/or other code 708 that
is configured to communicate with the one or more physical interfaces to support one or more
LAN, PAN, and/or WAN standard communication protocols. The communication protocols can
include, for example, TCP and UDP, among others. As such, the network interface 704 enables
the sensor assembly 722 to access and communicate with other computing devices (e.g., the other
devices disposed in the location 402A of FIG. 13) via a computer network (e.g., the LAN
established by the router 416). For instance, in at least one example, when executing the code
708, the processor 700 controls the network interface to stream (e.g., via UDP) sensor data
acquired from the sensor assembly 720 to the base station 414. Alternatively or additionally, in at
least one example, through execution of the code 708, the processor 700 can control the network
interface 704 to enter a power conservation mode by powering down a 2.4 GHz radio and
powering up a sub-GHz radio that are both included in the network interface 704. In this
example, through execution of the code 708, the processor 700 can control the network interface
704 to enter a streaming mode by powering up a 2.4 GHz radio and powering down a sub-GHz
radio, for example, in response to receiving a wake signal from the base station via the sub-GHz
radio.

Continuing with the example of FIG. 16, through execution of the code 708, the processor
700 can control operation of the sensor assembly 722. In some examples, the sensor assembly
722 includes user input and/or output devices (e.g., physical buttons, a touchscreen, a display, a

speaker, a camera, an accelerometer, a biometric scanner, an environmental sensor, one or more
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LEDs, etc.) and a software stack including drivers and/or other code 708 that is configured to
communicate with the user input and/or output devices. As such, the sensor assembly 722
enables the sensor assembly 722 to interact with users to receive input and/or render output. This
rendered output can include, for instance, one or more GUIs including one or more controls
configured to display output and/or receive input. The input can specify values to be stored in the
data store 710. The output can indicate values stored in the data store 710. It should be noted that,
in some examples, parts of sensor assembly 722 are accessible and/or visible as part of, or
through, the housing 718.

Continuing with the example of FIG. 16, the sensor assembly 720 can include one or
more types of sensors, such as the sensors described above with reference to the image capture
devices 404 and 410, the motion sensor assembly 412, and the contact sensor assembly 406 of
FIG. 13, or other types of sensors. For instance, in at least one example, the sensor assembly 720
includes an image capture device and a temperature sensor. Regardless of the type of sensor or
sensors housed, the processor 700 can (e.g., via execution of the code 708) acquire sensor data
from the housed sensor and stream the acquired sensor data to the processor 700 for
communication to the base station.

It should be noted that, in some examples of the devices 600 and 700, the operations
executed by the processors 600 and 700 while under control of respective control of the code 608
and 708 may be hardcoded and/or implemented in hardware, rather than as a combination of
hardware and software.

Turming now to FIG. 17, a computing device 800 is illustrated schematically. As shown in
FIG. 17, the computing device includes at least one processor 801, volatile memory 802, one or
more interfaces 804, non-volatile memory 806, and an interconnection mechanism §12. The
non-volatile memory 806 includes code 808 and at least one data store 810.

In some examples, the non-volatile (non-transitory) memory 806 includes one or more
read-only memory (ROM) chips; one or more hard disk drives or other magnetic or optical
storage media; one or more solid state drives (SSDs), such as a flash drive or other solid-state
storage media; and/or one or more hybrid magnetic and SSDs. In certain examples, the code 808
stored in the non-volatile memory can include an operating system and one or more applications
or programs that are configured to execute under the operating system. Alternatively or
additionally, the code 808 can include specialized firmware and embedded software that is
executable without dependence upon a commercially available operating system. Regardless,
execution of the code 808 can result in manipulated data that may be stored in the data store 810

as one or more data structures. The data structures may have fields that are associated through
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location in the data structure. Such associations may likewise be achieved by allocating storage
for the fields in locations within memory that convey an association between the fields. However,
other mechanisms may be used to establish associations between information in fields of a data
structure, including through the use of pointers, tags, or other mechanisms.

Continuing the example of FIG. 17, the processor 801 can be one or more programmable
processors to execute one or more executable instructions, such as a computer program specified
by the code 808, to control the operations of the computing device 800. As used herein, the term
"processor" describes circuitry that executes a function, an operation, or a sequence of
operations. The function, operation, or sequence of operations can be hard coded into the
circuitry or soft coded by way of instructions held in a memory device (e.g., the volatile memory
802) and executed by the circuitry. In some examples, the processor 801 is a digital processor,
but the processor 801 can be analog, digital, or mixed. As such, the processor 801 can execute
the function, operation, or sequence of operations using digital values and/or using analog
signals. In some examples, the processor 801 can be embodied in one or more application
specific integrated circuits (ASICs), microprocessors, digital signal processors (DSPs), graphics
processing units (GPUs), neural processing units (NPUs), microcontrollers, field programmable
gate arrays (FPGASs), programmable logic arrays (PLAs), or multicore processors. Examples of
the processor 801 that are multicore can provide functionality for parallel, simultaneous
execution of instructions or for parallel, simultaneous execution of one instruction on more than
one piece of data.

Continuing with the example of FIG. 17, prior to execution of the code 808 the processor
801 can copy the code 808 from the non-volatile memory 806 to the volatile memory 802. In
some examples, the volatile memory 802 includes one or more static or dynamic random access
memory (RAM) chips and/or cache memory (e.g. memory disposed on a silicon die of the
processor 801). Volatile memory 802 can offer a faster response time than a main memory, such
as the non-volatile memory 806.

Through execution of the code 808, the processor 801 can control operation of the
interfaces 804. The interfaces 804 can include network interfaces. These network interfaces can
include one or more physical interfaces (e.g., a radio, an ethernet port, a USB port, etc.) and a
software stack including drivers and/or other code 808 that is configured to communicate with
the one or more physical interfaces to support one or more LAN, PAN, and/or WAN standard
communication protocols. The communication protocols can include, for example, TCP and UDP
among others. As such, the network interfaces enable the computing device 801 to access and

communicate with other computing devices via a computer network.
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The interfaces 804 can include user interfaces. For instance, in some examples, the user
interfaces include user input and/or output devices (e.g., a keyboard, a mouse, a touchscreen, a
display, a speaker, a camera, an accelerometer, a biometric scanner, an environmental sensor,
etc.) and a software stack including drivers and/or other code 808 that is configured to
communicate with the user input and/or output devices. As such, the user interfaces enable the
computing device 801 to interact with users to receive input and/or render output. This rendered
output can include, for instance, one or more GUIs including one or more controls configured to
display output and/or receive input. The input can specify values to be stored in the data store
810. The output can indicate values stored in the data store 810.

Continuing with the example of FIG. 17, the various features of the computing device 800
described above can communicate with one another via the interconnection mechanism 812. In
some examples, the interconnection mechanism 812 includes a communications bus.

In a further example in accordance with the present disclosure, a device comprising a
speaker or speaker assembly is provided that is configured to selectively increase a sound
pressure level of the output of the device corresponding to an alarm tone, while also being
capable of generating sound corresponding to speech at a sufficient sound pressure level such
that the sound corresponding to speech is audible to the average person. Many apparatuses and
assemblies contain speakers and are used to generate an alarm tone. However, these apparatuses
and assemblies often are unable to generate output of a sufficient sound pressure level,
particularly across a broader frequency range of, for example, 400 Hz to 4.0 kHz, due at least in
part to inherent limitations in the structure of the speaker and/or the apparatus/device and/or
natural resonance frequencies of the components of the apparatus/device that do not match the
desired frequency range. In addition, the speaker in apparatuses/assemblies is often integrated
into the housing with other components, which may limit speaker size and output.

The improved output of the disclosed device occurs at a desired frequency or frequency
range, yet does not substantially reduce the output of the device at frequencies below the desired
frequency or frequency range. In one example, the desired frequency or frequency range may
correspond to an alarm tone, such that the output of the device is increased at the desired
frequency or frequency range corresponding to the alarm tone. This increase in output is
achieved by configuring the device to generate or define a Helmholtz resonator having a
resonance frequency at or near a frequency or frequency range of the alarm tone. The improved
output may be augmented by housing the speaker or speaker assembly in a structure that is

separate from other components of the device, such as a camera. Thus, the size of the speaker or
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speaker assembly is not limited by the size of the housing containing the other components of the
device.

FIGS. 18-22 show an exemplary device 902 (e.g., an indoor or outdoor camera) in
accordance with the present disclosure. The device 902 may comprise a speaker 904 (e.g., a
loudspeaker) that is configured to generate sound and includes a diaphragm 906. In the example
shown, the device 902 comprises a housing 908 including a lower housing compartment 910 that
encloses the speaker 904. The housing 908 further comprises a main housing compartment 912
that encloses an optical apparatus 922 and the components thereof, which may be referred to as
an image capture device as described herein. As discussed further below, the lower housing
compartment 910 is coupled to the main housing compartment 912, by way of either being
integrally formed with the main housing compartment 912, or, if formed separate from the main
housing compartment 912, the lower housing compartment 910 is coupled or fastened to the
main housing compartment 912.

As shown in FIG. 22, the speaker 904 may be a microspeaker that includes the diaphragm
906, a top plate 938, a voice coil 940, a surround 942, one or more magnets 944, a frame 946,
and a yoke or back plate 948. The speaker 904 is configured to generate sound, specifically
acoustic waves defining an alarm tone. An electronic audio signal may be supplied to the
speaker 904, which converts the audio signal to sound in the form of acoustic waves. The
electronic audio signal passes through the voice coil 940, causing an electro-magnetic field to be
produced, which interacts with a field produced by the magnets 944. This interaction causes the
voice coil 940 and the diaphragm 906, which is attached to the voice coil 940, to move together.
Movement of the diaphragm 906 causes a disturbance in the air surrounding it and thus produces
acoustic waves. The acoustic waves generated by the speaker 904 generally travel in a direction
indicated by arrow B in FIG. 22 and exit through a single opening or slot 924 formed in the
housing 908, specifically in the lower housing compartment 910 as discussed below.

With reference to FIGS. 22-25, the lower housing compartment 910 comprises a front
section 910A, a back section 910B, a lower section 910C, side sections 910D, 910E, and an
upper section 910F. The front section 910A and portions of the lower, side, and upper sections
910C, 910D, 910E, 910F define a front shell 914, and the back section 910B and portions of the
lower, side, and upper sections 910C, 910D, 910E, 910F define a back shell 916. The back shell
916 1s coupled to the front shell 914 to enclose the speaker 904, with the front shell 914 defining
a front enclosure for the speaker 904 and the back shell 916 defining a back enclosure for the
speaker 904. The single opening or slot 924 is formed within one portion of the housing 908,
e.g., the front section 910A of the lower housing compartment 910. As best seen in FIG. 25, the
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single opening or slot 924 may be fully enclosed within the front section 910A and may be
spaced apart from the lower, side, and upper sections 910C, 910D, 910E, 910F. The back shell
916 may be coupled to the front shell 914 via a snap fit, adhesive, ultrasonic or fusion welding or
the like. For example, as shown in FIG. 21B, an inner surface (not labeled) of the back section
910B may comprise a post 966 that is received in a hollow boss 968 formed on an inner surface
(not labeled) of the front section 910A to secure the front shell 914 to the back shell 916, and the
post 966 and boss 968 may be glued or ultrasonically welded together

As shown in FIGS. 22 and 23, the speaker 904 (shown in outline in FIG. 23) is positioned
within the housing 908, i.e., within the lower housing compartment 910, so as to define (i) a front
chamber 926 between the diaphragm 906 and the portion of the housing 908 in which the single
opening or slot 924 is formed, i.e., the front section 910A or the front enclosure, and (ii) a back
chamber 928 between the speaker 904 and the back section 910B or the back enclosure. The
speaker 904 may be attached or mounted to a speaker mount 930 (the speaker 904, the speaker
mount 930, and the portion of the housing 908 enclosing the speaker 904, i.e., the lower housing
compartment 910, may be referred to herein collectively as a speaker assembly). The speaker
mount 930 includes an engagement surface 930A formed on an inner surface thereof configured
to receive a gasket (not shown) and/or an epoxy, which gasket/epoxy may engage with a portion
of the speaker 904, e.g., the frame 946 (see FIG. 22). In the example shown in FIGS. 21B and
22, the speaker mount 930 is a separate element from the front and back shells 914, 916 and
comprises an outer edge or foot 930B on an outer perimeter thereof that is configured to be
received in and coupled to a recess 911 formed in the front section 910A of the lower housing
compartment 910. As shown in FIG. 21B, the speaker mount 930 may comprise an extension
970 that extends laterally outward and is received in a groove 972 formed on an inner surface
(not labeled) of the side section 910D to help secure and position the speaker mount 930 within
the lower housing compartment 910. In other examples (not shown in FIGS. 22 and 23; see FIG.
32), the speaker mount 930 may be formed as part of, i.e., integral with, the front shell 914.

As shown in FIGS. 22-24, upon assembly, the speaker 904 is sandwiched, fitted, or
gripped between the back shell 916 and the front shell 914. In the example shown, the back shell
916 comprises an extension 917 that may bias, push, or force the speaker 904 into engagement
with the speaker mount 930, e.g., into engagement with a gasket (not shown) and/or epoxy on the
speaker mount 930. Once the speaker 904 is fitted between the back shell 916 and the front shell
914, the speaker mount 930, the speaker 904, and a portion of the front section 910A of the lower
housing compartment 910 (which portion of front section 910A is located within the speaker

mount 930) may define the front chamber 926, which may comprise an acoustically sealed front
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chamber 926. The acoustically sealed front chamber 926 may be acoustically sealed from the
back chamber 928. Besides the single opening or slot 924, the front chamber 926 may otherwise
be acoustically sealed, i.e., no further openings are provided which communicate with the front
chamber 926. Sealing of the front chamber 926 ensures that the acoustic waves generated by the
speaker 904 are directed to, and exit only through, the single opening or slot 924 and prevents
unwanted leakage of acoustic waves, e.g., into the back chamber 928. As described herein, the
single opening or slot 924 is sized to generate, with the front chamber 926, an increased output of
the device 902 within a frequency range of an output of the speaker 904 corresponding to an
alarm tone.

With reference to FIGS. 18, 21A, 21B, and 22, the main housing compartment 912 may
include a first housing portion 912A that is removably engageable with a second housing portion
912B. The first housing portion 912A may be arranged as a cap and may comprise a front face
918, an inner component 920, and an outer component 921 that receives and engages the inner
component 920. The first housing portion 912A is releasably coupled to a corresponding
component on the second housing portion 912B. In the example shown in FIG. 21A, the second
housing portion 912B comprises projections 976, and the first housing portion 912A comprises
corresponding channels 978 (only one channel 978 is visible). The first housing portion 912A
may be coupled to the second housing portion 912B by inserting the projections 976 and twisting
the first housing portion 912A so that the projections 976 are locked in place, e.g., via a bayonet
fitting or mount. The optical apparatus 922 may include an optical component 932. The optical
component 932 may be positioned within and enclosed by the first housing portion 912A of the
main housing compartment 912. The optical component 932 can include one or more elements
for performing a desired optical function. In the example shown, the optical component 932
comprises a transparent region (e.g., an optical lens 934, opening, filter, light pipe or waveguide,
etc.) through or via which light can be conducted or enter. The optical lens 934 may allow the
optical apparatus 922 to receive or capture light or otherwise receive/capture image data along an
optical axis 936. In some examples, the optical apparatus 922 comprises a camera and the optical
lens 934 is a camera lens. The optical apparatus 922 may further include additional elements
(not shown), such as an image capture device or an imaging device (e.g., a CCD, CMOS,
photosensor, or other light sensitive element for detecting light transmitted via the transparent
portion), an LED or other light emitter, an audio component (e.g., a microphone to record audio
to be combined with video data, a speaker, etc.), and so on. The second housing portion 912B
may be arranged as a canister housing and can be arranged to support other components of the

optical apparatus 922, i.e., a battery. The second housing portion 912B may comprise a
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mounting structure (not shown) that can be used to arrange the optical apparatus 922 on a wall,
post, or other structural support. FIGS. 37 and 38 illustrate examples of the optical apparatus 922
in more detail.

The lower housing compartment 910 is coupled to the main housing compartment 912,
e.g., via a snap or friction fit and/or via one or more fasteners 954. With reference to FIGS. 21A
and 21B, the main housing compartment 912, specifically the outer component 921 of the first
housing portion 912A, may comprise one or more extensions 956 with one or more openings 958
formed therethrough. The upper section 910F of the lower housing compartment 910 may be
recessed so that a cavity 974 is formed when the front and back shells 914, 916 are assembled
(see also FIG. 23). As shown with respect to one of the extensions 956 in FIG. 21B, the back
section 910B of the lower housing compartment 910 comprises an opening 960 formed
therethrough (see also FIGS. 23 and 25), and the front section 910A comprises a threaded bore
962. The extension 956 is received in the cavity 974 such that the extension 956 is positioned
between the front and back sections 910A, 910B of the lower housing compartment 910, and the
opening 958 is aligned with the opening 960 and bore 962. The fastener 954 extends through the
openings 958, 960 and is received in the threaded bore 962 to couple the lower housing
compartment 910 to the main housing compartment 912. A cap 963 may optionally be placed
over or in the opening 960 formed in the back section 910B of the lower housing compartment
910 after the fastener 954 is installed. As best seen in FIGS. 22, 23, and 25, the upper section
910F of the lower housing compartment 910 may comprise a connector 964, and the main
housing compartment 912 may comprise a receiver (not separately labeled) that receives the
connector 964, e.g., via a snap or friction fit. The connector 964 and the receiver may include
electrical components (not shown) that provide an electrical connection between components of
the lower and main housing compartments 910, 912, e.g., to provide an audio signal to the
speaker 904. One or more seals (not shown) may be located between the lower housing
compartment 910 and the main housing compartment 912. For example, a gasket (not shown)
may be positioned around the connector 964 to seal an interface between the connector 964 and
the receiver. One or more seals 980 (see FIG. 22) may be present between the main housing
compartment 912 and the upper section 910F of the lower housing compartment 910. In other
examples (not shown), one or more portions of the lower housing compartment 910 may be
integral with one or more portions of the main housing compartment 912, e.g., with the first
housing portion 912A.

The main housing compartment 912 is sealed to prevent ingress of water and debris, and

the lower housing compartment 910 is acoustically sealed with respect to the main housing
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compartment 912 to prevent acoustic coupling between the speaker 904 and one or more
microphones (not shown; see FIGS. 37 and 38), which may be located in the main housing
compartment 912. A mesh 950 may be coupled to an inner surface of the front section 910A that
defines the single opening or slot 924, e.g., via adhesive, ultrasonic welding, and the like. The
mesh 950 may be positioned over the single opening or slot 924 to prevent ingress of debris into
the device 902. Although the mesh 950 is generally depicted in the Figures as being a solid
sheet, the mesh 950 may comprise a plurality of small apertures. As described herein, the mesh
950 may generally be selected so as to minimize any impact on the acoustic output level of the
device 902.

With reference to FIGS. 19 and 24, the single opening or slot 924 may comprise a height
Ho24, alength Loz4, and a width Woz4, in which the length Lo24 is determined by a thickness of a
slot-defining portion 913 of the front section 910A of the lower housing compartment 910
through which the single opening or slot 924 is formed. In the example shown in FIG. 24, the
slot-defining portion 913 of the front section 910A may comprise a greater thickness than
adjacent portions of the front section 910A. The thickness of the slot-defining portion 913 may
be varied to obtain the desired length Lo24 of the single opening or slot 924. In some examples,
as shown in FIG. 19, the height Ho24 may be substantially uniform along the entire width Wo24
and/or length Lo24 of the single opening or slot 924, and/or the length Lo24 may be substantially
uniform along the entire width We24 of the single opening or slot 924.  As used with respect to
dimensions of the single opening or slot 924, the term “substantially”” may include minor
variations in the height Ho24, width Wo24, and/or length Lo24 due to curvature of the front section
910A. In other examples (not shown), the height Ho24 may vary along at least a portion of the
width We24 and/or length Loz of the single opening or slot 924, and/or the length Ls24 may vary
along at least a portion of the width Wo24 of the single opening or slot 924. A cross-sectional
area of the single opening or slot 924 may be calculated by multiplying the height Hoz4 times the
width Wo2s. A volume of the single opening or slot 924 may be calculated by further multiplying
by the length Lo24. In some examples, an aspect ratio of the single opening or slot 924 may be
2:1to 15:1 (i.e., aratio of the width Woz4 to the height Hoz24). In some particular examples, the
aspect ratio may be 12:1. While the single opening or slot 924 is depicted in FIGS. 18, 19, and
23 as generally comprising an elongated rectangular or oval shape, the single opening or slot 924
may comprise any desired shape.

With reference to FIGS. 18 and 20, the optical component 932 may have a field of view
oriented generally along the optical axis 936, which may be substantially perpendicular to the

front face 918 of the first housing portion 912A. The device 902 may be positioned so that a
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certain area is within this field of view, e.g., the device 902 may be positioned so that a person
walking toward or standing or sitting in front of the device 902 is within the field of view of the
optical component 932.

The speaker 904 may be a security alarm speaker, and the electronic audio signal may
comprise an alarm signal when the electronic audio signal has a value or magnitude causing the
speaker 904 to generate an output (i.e., acoustic waves) comprising an alarm tone. In other
examples, alternatively or in addition, the electronic audio signal may comprise an electronic
speech signal when it has a value or magnitude causing the speaker 904 to generate an output
(i.e., acoustic waves) comprising, or otherwise in the form of, audible speech. The electronic
speech signal may correspond to human speech (live or recorded) or speech synthesized by a
computer system. In one particular example, the electronic audio signal may comprise an
electronic alarm signal and/or an electronic speech signal such that the output generated by the
speaker 904 comprises an alarm tone and/or speech. Human speech typically has a frequency
that falls within a range from 400 Hz to 4.0 kHz. Alarm tones typically have a frequency that fall
within a range from 2.0 kHz to 4.0 kHz.

The device 902 in accordance with the present disclosure provides an increased output
within a frequency range of the alarm tone via creation of a Helmholtz resonator. Speaker
devices often seek to avoid the effects produced by a Helmholtz resonator, which can cause one
or more peaks in the output of the device, i.e., acoustic waves generated by the speaker, at certain
frequencies and a reduction in output at frequencies higher than the Helmholtz resonance
frequency. These peaks are typically undesirable, and speaker devices are typically designed to
make a resonance frequency of the device as high as possible so that the resonance frequency is
outside of the frequency bandwidth of the speaker output.

In accordance with one aspect of the present disclosure, the device 902 may comprise a
resonator device comprising a Helmholtz resonator with a resonance frequency or frequency
range that is tuned to match the frequency or frequency range of the output of the speaker 904
when the speaker 904 is generating the alarm tone, thereby increasing an output (e.g., a sound
pressure output level) of the device 902 when the speaker 904 is generating the alarm tone, as
compared to a device including an optical apparatus without a resonator device. By doing so, a
sound pressure output level of the device 902 can be increased within a certain resonance
frequency or frequency range without further costs that derive from changing components of the
device 902, such as speaker size, speaker orientation, battery life, etc.

With reference to FIGS. 22 and 23, when the diaphragm 906 of the speaker 904 vibrates,

acoustic waves are generated in the front chamber 926 and vent or otherwise escape through the
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single opening or slot 924. The front chamber 926 and the single opening or slot 924 are
configured, i.e., sized, to collectively generate an increased output of the device 902 within a
frequency range of the alarm tone. In particular, the front chamber 926 and the single opening or
slot 924 create a resonator 952 having a resonance frequency that is within the frequency range
of the alarm tone to selectively increase a sound pressure level of the output of the device 902
corresponding to the alarm tone. The increased output of the device 902 comprises a peak output
of the device 902 within the frequency range of the output of the speaker 904 corresponding to
the alarm tone. In some examples, the sound pressure level of the peak output of the device 902
when generating an alarm tone may be increased by at least 10dB. In some particular examples,
the sound pressure level of the peak output of the device 902 when generating the alarm tone
may be increased by about 10 dB to 18 dB. Sound pressure output is typically measured in units
of dBSPL (decibels relative to 20uPa). In some examples, the speaker 904 may be a
microspeaker, e.g., an electrodynamic speaker, that is capable of generating an output within a
frequency range of 400 Hz to 4.0 kHz. The frequency range of the alarm tone may fall within a
range from 2.0 kHz and 4.0 kHz, and in one particular example, the frequency range of the alarm
tone may be from 2.5 kHz to 2.7 kHz.

In general, designing the resonance frequency or frequency range of a Helmholtz
resonator to match a specific frequency or frequency range, e.g., the frequency or frequency
range of the alarm tone, may be achieved by designing, configuring, or adjusting one or more
parameters of the resonator. With reference to FIGS. 22-24, in some examples, these parameters
may include the volume of the front chamber 926 and one or more parameters of the single
opening or slot 924, such as the height, width, length, cross-sectional area, and/or volume.
Hence, the single opening or slot 924 and/or the front chamber 926 of the device 902 may be
dimensioned to collectively create a Helmholtz resonator having a resonance frequency or a
resonance frequency range that falls within or matches at least a portion of the frequency range of
the output of the speaker 904 when generating an alarm tone, such that the resonator 952 is able
to selectively increase a sound pressure level of the acoustic waves output by the device 902
within this frequency or frequency range of the output of the speaker 904 corresponding to the
alarm tone and generate the peak output of the device 902 when the speaker 904 is generating the
alarm tone.

When designing a Helmholtz resonator with a desired resonance frequency, a device may
be built and a frequency response may be measured to determine if the resonance frequency of

the device is equal to or near the desired resonance frequency. If not, one or more parameters of
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the device may be adjusted/varied until those parameters result in a device having the desired
resonance frequency, particularly when the speaker generates an alarm tone.
A guide to provide a rough estimate of the resonance frequency of a Helmholtz resonator

may be calculated using the following basic equation, which is similar to equation (1) above:

1 K
freim = _\/ Lo (5)

21| Msior

KFront 1s a spring stiffness of the front chamber 926 and may be calculated using the

following equation, which is the same as equation (2) above:

2
_ PoCo

Kirone = v ©)

Mgt 1s an acoustic mass of the single opening or slot 924 and may be calculated using

the following equation, which is similar to equation (3) above:

Mg =22 L (7)

in which:

po 1s a density of a fluid medium, e.g., about 1.2kg/m? for air;

Cp 1s a speed of sound in the fluid medium, e.g., about 340m/s for air;

V is a total volume of air in the front chamber 926 [m?];

S is a cross-sectional area (height Ho24 times width We24) of the single opening or
slot 924 [m?]; and

L is a length Lo24 of the single opening or slot [m].

Equations (5)-(7) may be used to determine a rough estimate for one or more parameter
values for the Helmholtz resonator. As discussed further below, from this starting point, one or
more of the parameters from equations (5)-(7) may be adjusted/varied until final values of the
one or more parameters result in a Helmholtz resonator that generates a peak output of the device
902 equal to the frequency or within the frequency range of the output of the speaker 904,
particularly when the speaker 904 generates an alarm tone.

FIG. 26 illustrates the effect of the addition of the front chamber 926 on a sound pressure

output level. Two devices, Device (1) and Device (2), are constructed that both include a speaker
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(Ole Wolff; OWS-203657TA-8) that is 36mm long, 20 mm wide, and 5.7mm high. Device (2) is
similar to the device 902 shown in FIGS. 18-25 and includes a front chamber 926 with a volume
(V) of 3.97 cc (3.97x10% m?). Device (1) is substantially similar to Device (2) except that
Device (1) lacks the front chamber 926, e.g., Device (1) lacks the front section 910A of the lower
housing compartment 910. The volume of the back chamber 928 in Devices (1) and (2) is 10 cc.
Additional relevant parameters of Device (2) are as follows:

Cross-Sectional Area of the Single Opening/Slot 924 (height Hoz4 times width Woz4) =
88.1 mm? (8.81x10° m?)

Length Lo24 of Single Opening/Slot 924 = 3.8 mm (3.8x10~ m)

The solid line (“(1) No Front Resonator™) in FIG. 26 represents Device (1), and the
dashed line (“(2) With Front Resonator™) represents Device (2). A desired frequency range of
2.5 kHz to 2.7 kHz, i.e., the frequency range of an alarm tone, is indicated with vertical dotted
lines. It can be seen in FIG. 26 that Device (1) produces a peak sound pressure output level of
73.7 dBSPL within the desired frequency range of 2.5 kHz to 2.7 kHz, while Device (2)
demonstrates a significantly higher peak sound pressure output level of 92.2 dBSPL (i.e., an
increase of about 18.5 dBSPL as compared to Device (1)) within the desired frequency range of
2.5 kHzto 2.7 kHz. It is also noted that the overall peak sound pressure output level of Device
(2) occurs within the desired frequency range, while the overall peak sound pressure output level
of Device (1) occurs outside the desired frequency range. Using more sophisticated models such
as acoustic lumped element equivalent circuit analysis or finite element analysis may result in a
more accurate prediction of the Helmholtz resonance frequency.

FIGS. 27-30 provide graphs simulating the effect of various parameters on a peak output
sound pressure level of a device and a frequency at which the peak output sound pressure level is
observed. A device in accordance with the present disclosure, which may include any of the
devices shown in FIGS. 23-25 and 32-34, is used as a baseline (indicated as “Nominal™) for
FIGS. 27-30. The device is simulated to be driven by a sine wave with 1 Watt RMS and output
sound pressure measured at a distance of 1 meter from the device. Output sound pressure is
typically measured in units of dBSPL (decibels relative to 20pPa).

FIG. 27 illustrates the effects of changing a volume of the front chamber 926, while
holding all other device parameters constant. As compared to a nominal or baseline level
(*Nominal™), increasing the chamber volume (“2X Nominal™) decreases the frequency at which
the peak output sound pressure level is observed, and decreasing the chamber volume (0.5X

Nominal”) increases the frequency at which the peak output sound pressure level is observed.

PATENT
REEL: 065226 FRAME: 0157



10

15

20

25

30

SS-23-005US-U-01 41

Increasing the chamber volume also slightly increases the peak output sound pressure level,
while decreasing the chamber volume slightly decreases the peak output sound pressure level.

FIGS. 28 and 29 illustrate the effects of changing a cross-sectional area, e.g., a height
Hoz4 or width Woz4 (see FIGS. 19 and 24), of the single opening or slot 924, while holding all
other device parameters constant. As compared to a nominal or baseline level, increasing the
height Ho24 or width W24 of the single opening or slot 924 (2X) increases the frequency at which
the peak output sound pressure level is observed, and decreasing the height Ho24 or width Woz4 of
the single opening or slot 924 (0.5X) decreases the frequency at which the peak output sound
pressure level is observed. Increasing the height Hoz4 has little effect on the peak output sound
pressure level, while decreasing the height Ho24 decreases the peak output sound pressure level.
Increasing the width We24 decreases the peak output sound pressure level, while decreasing the
width W24 increases the peak output sound pressure level.

FIG. 30 illustrates the effects of changing a length Lo24 (see FIG. 24) of the single
opening or slot 924, while holding all other device parameters constant. As compared to a
nominal or baseline level, increasing the length Lo24 (2X) decreases the frequency at which the
peak output sound pressure level is observed, and decreasing the length Loz24 (0.5X) increases the
frequency at which the peak output sound pressure level is observed. Increasing the length Loz
also increases the peak output sound pressure level, while decreasing the length Lo24 decreases
the peak output sound pressure level.

One or more parameters of the device 902 may be adjusted until those parameters result
in a device 902 having the desired resonance frequency. For example, as shown in FIGS. 26-29,
when a resonance frequency of the device 902 is higher than the desired resonance frequency
(i.e., the frequency at which the peak output sound pressure level is observed is higher than
desired), the volume of the front chamber 926 can be increased or the cross-sectional area of the
single opening or slot 924 (e.g., the height Ho24 or width Wo24) can be decreased, and/or the
length Lo24 of the single opening or slot 924 can be increased. When the resonance frequency of
the device 902 is lower than the desired resonance frequency (i.e., the frequency at which the
peak output sound pressure level is observed is lower than desired), the volume of the front
chamber 926 can be decreased, the cross-sectional area of the single opening or slot 924 can be
increased, and/or the length Lo24 of the single opening or slot 924 can be decreased. In this
manner, the final values of the one or more parameters may be selected such that a peak output
sound pressure level of the device 902 is equal to the desired frequency or within the desired

frequency range, specifically a frequency or frequency range corresponding to an alarm tone.
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FIGS. 31-34 illustrate various exemplary structures of a device 902-1, 902-2, 902-3, 902-
4 comprising a speaker 904, in accordance with the present disclosure (the speakers 904 are
shown in outline). In the examples shown in FIGS. 31-34, each device 902-1, 902-2, 902-3, 902-
4 may comprise an optical apparatus (see FIGS. 18-20) enclosed by a main housing compartment
912, only a portion of which is shown. The main housing compartment 912 includes a front face
918, and the speaker 904 comprises a diaphragm 906 and is configured to generate sound,
specifically acoustic waves defining an alarm tone. Each device 902-1, 902-2, 902-3, 902-4
comprises a respective lower housing compartment 910-1, 910-2, 910-3, 910-4 that encloses the
speaker 904. The lower housing compartments 910-1, 910-2, 910-3, 910-4 each comprise a front
section 910A-1, 910A-2, 910A-3, 910A-4 in which a respective single opening or slot 924-1,
924-2, 924-3, 924-4 is formed. A mesh 950-2, 950-3, 950-4 may be positioned over the single
opening or slot 924-2, 924-3, 924-4 (although no mesh is depicted in FIG. 31, it may be
understood that a mesh may be positioned over the single opening or slot 924-1).

As described below, in some examples, the device 902-1, 902-2, 902-3, 902-4, may be
coupled to the main housing compartment 912 such that the front section 910A-1, 910A-2, 910A-
3, 910A-4 of the lower housing compartment 910-1, 910-2, 910-3, 910-4 is oriented at an angle,
e.g., B1. P2, P3. P+, with respect to a line or plane 919 extending parallel to the front face 918, in
which the angle B1, B2, B3, B+ may be greater than O degrees and up to 90 degrees. In other
examples (not shown), the device may be coupled to the main housing compartment 912 such
that the front section of the lower housing compartment is parallel with the line or plane 919
extending parallel to the front face 918 of the main housing compartment 912. Alternatively, or
in addition, the speaker 904 may be oriented such that a direction of travel of the acoustic waves
generated by the speaker 904, e.g., as indicated by arrows B-1, B-4 in FIGS. 31 and 34, is
oriented at an angle, e.g., a1, oz, with respect to a central axis of the single opening or slot, e.g.,
central axes C-1, C-4 of the respective single opening or slots 924-1, 924-4 of the devices 902-1,
902-4, in which the angle a1, a2 may be greater than 0 degrees and up to 90 degrees. In other
examples, the speaker 904 may be oriented such that the direction of travel of the acoustic waves
generated by the speaker 904, as indicated by arrows B-2, B-3 in FIGS. 32 and 33, is parallel to
the central axis of the single opening or slot, e.g., central axes C-2, C-3 of the respective single
opening or slots 924-1, 924-2 of the devices 902-2, 902-3.

With reference to FIG. 31, the speaker 904 may be attached or mounted to a speaker
mount 930-1 and is positioned within the lower housing compartment 910-1 so as to define (i) an
acoustically-sealed front chamber 926-1 between the diaphragm 906 and the adjacent

portion(s)of the lower housing compartment 910-1, and (ii) an acoustically-sealed back chamber
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928-1 between the speaker 904 and the adjacent portion(s) of the lower housing compartment
910-1. The acoustic waves generated by the speaker 904 generally travel in a direction indicated
by arrow B-1 and exit through the single opening or slot 924-1, in which the arrow B-1 is
generally perpendicular to a face of the diaphragm 906. The single opening or slot 924-1
includes a height Ho4-1, a length Lo24-1, and a width (not visible; see FIG. 19). The device 902-1
is coupled to the main housing compartment 912 such that the front section 910A-1 of the lower
housing compartment 910-1 is oriented at an angle B1 with respect to the line or plane 919
extending parallel to the front face 918. In the example shown in FIG. 31, the angle B1 may be
about 18 degrees. The single opening or slot 924-1 of the device 902-1 shown in FIG. 31
includes a central axis C-1, and the speaker 904 is oriented such that the direction of travel of the
acoustic waves generated by the speaker 904 (as indicated by arrow B-1) is substantially
perpendicular to the central axis C-1 of the single opening or slot 924-1, such that an angle al
between the arrow B-1 and the central axis C-1 is about 90 degrees. The front section 910A-1
may be oriented at a corresponding angle (not shown) with respect to the optical axis (not visible
in FIG. 31; see FIGS. 18 and 20), e.g., at an angle of about 108 degrees. The arrow B-1 and
central axis C-1 may also be oriented at a corresponding angle (not shown) with respect to the
optical axis, e.g., at an angle of about 108 degrees for arrow B-1 and an angle of about 18
degrees for central axis C-1.

With reference to FIG. 32, the speaker 904 may be attached or mounted to a speaker
mount 930-2 and is positioned within the lower housing compartment 910-2 so as to define (i) an
acoustically-sealed front chamber 926-2 between the diaphragm 906 and the adjacent portion(s)
of the lower housing compartment 910-2, and (ii) an acoustically-sealed back chamber 928-2
between the speaker 904 and the adjacent portion(s) of the lower housing compartment 910-2. In
the example shown in FIG. 32, the speaker mount 930-2 is integral with the front section 910A-2
of the lower housing compartment 910-2. The acoustic waves generated by the speaker 904-2
generally travel in a direction indicated by arrow B-2 and exit through the single opening or slot
924-2, in which the arrow B-2 is generally perpendicular to a face of the diaphragm 906. The
single opening or slot 924-2 includes a height Hoz4-2, a length Lo24-2, and a width (not visible; see
FIG. 19). The single opening or slot 924-2 of the device 902-2 shown in FIG. 32 includes a
central axis C-2, and the speaker 904 is oriented such that the direction of travel of the acoustic
waves generated by the speaker 904 (as indicated by arrow B-2) is substantially parallel to the
central axis C-2 of the single opening or slot 924-2, such that the arrow B-2 and the central axis
C-2 are aligned/parallel. The device 902-2 is coupled to the main housing compartment 912 such
that the front section 910A-2 of the lower housing compartment 910-2 is oriented at an angle 32
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with respect to a line or plane 919 extending parallel to the front face 918. In the example shown
in FIG. 32, the angle 32 may be about 14 degrees. The front section 910A-2 may be oriented at a
corresponding angle (not shown) with respect to the optical axis (not visible in FIG. 32; see
FIGS. 18 and 20), e.g., at an angle of about 104 degrees. The arrow B-2 and the central axis C-2
may also be oriented at a corresponding angle (not shown) with respect to the optical axis, e.g., at
an angle of about 14 degrees.

With reference to FIG. 33, the speaker 904 may be attached or mounted to a speaker
mount 930-3 and is positioned within the lower housing compartment 910-3 so as to define (i) an
acoustically-sealed front chamber 926-3 between the diaphragm 906 and the adjacent portion(s)
of the lower housing compartment 910-3, and (ii) an acoustically-sealed back chamber 928-3
between the speaker 904 and the adjacent portion(s) of the lower housing compartment 910-3.
The acoustic waves generated by the speaker 904 generally travel in a direction indicated by
arrow B-3 and exit through the single opening or slot 924-3, in which the arrow B-3 is generally
perpendicular to a face of the diaphragm 906. The single opening or slot 924-3 includes a height
Ho24-3, alength Lo24-3, and a width (not visible; see FIG. 19). The single opening or slot 924-3 of
the device 902-3 includes a central axis C-3, and similar to the device 902-2 shown in FIG. 32,
the speaker 904 in FIG. 33 is oriented such that the direction of travel of the acoustic waves
generated by the speaker 904 (as indicated by arrow B-3) is substantially parallel to the central
axis C-3 of the single opening or slot 924-3, such that the arrow B-3 and the central axis C-3 are
aligned/parallel. The device 902-3 is coupled to the main housing compartment 912 such that the
front section 910A-3 of the lower housing compartment 910-3 is oriented at an angle B3 with
respect to a line or plane 919 extending parallel to the front face 918. In the example shown in
FIG. 33, the angle 33 may be about 14 degrees. The front section 910A-3 may be oriented at a
corresponding angle (not shown) with respect to the optical axis (not visible in FIG. 33; see
FIGS. 18 and 20), e.g., at an angle of about 104 degrees. The arrow B-3 and the central axis C-3
may also be oriented at a corresponding angle (not shown) with respect to the optical axis, e.g., at
an angle of about 14 degrees.

With reference to FIG. 34, the speaker 904 may be attached or mounted to a speaker
mount 930-4 and is positioned within the lower housing compartment 910-4 so as to define (i) an
acoustically-sealed front chamber 926-4 between the diaphragm 906 and the adjacent portion(s)
of the lower housing compartment 910-4, and (ii) an acoustically-sealed back chamber 928-4
between the speaker 904 and the adjacent portion(s) of the lower housing compartment 910-4.
The acoustic waves generated by the speaker 904 generally travel in a direction indicated by

arrow B-4 and exit through the single opening or slot 924-4, in which the arrow B-4 is generally
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perpendicular to a face of the diaphragm 906. The single opening or slot 924-4 includes a height
Ho244, alength Loz, and a width (not visible; see FIG. 19). The single opening or slot 924-4 of
the device 902-4 shown in FIG. 34 includes a central axis C-4, and the speaker 904 is oriented
such that the direction of travel of the acoustic waves generated by the speaker 904 (as indicated
by arrow B-4) is oriented at an angle a2 with respect to the central axis C-4 of the single opening
or slot 924-4. In the example shown in FIG. 34, the angle a2 may be about 6 degrees. In
addition, the device 902-4 is coupled to the main housing compartment 912 such that the front
section 910A-4 of the lower housing compartment 910-4 is oriented at an angle 4 with respect
to a line or plane 919 extending parallel to the front face 918. In the example shown in FIG. 34,
the angle 4 may be about 20 degrees. The front section 910A-4 may be oriented at a
corresponding angle (not shown) with respect to the optical axis (not visible in FIG. 34; see
FIGS. 18 and 20), e.g., at an angle of about 110 degrees. The arrow B-4 and the central axis C-4
may be oriented at a corresponding angle (not shown) with respect to the optical axis, e.g., at an
angle of about 14 degrees for arrow B-4 and an angle of about 20 degrees for central axis C-4.

It can be seen in FIGS. 31-34 that altering the orientation of the speaker 904 within the
lower housing compartment 910-1, 910-2, 910-3, 910-4 and/or the angle of the lower housing
compartment 910-1, 910-2, 910-3, 910-4 with respect to the front face 918 of the main housing
compartment 912 may affect the shape and volume of the front chamber 926-1, 926-2, 926-3,
926-4 and/or back chamber 928-1, 928-2, 928-3, 928-4. For example, the speaker 904 in FIG. 31
is positioned within the device 902-1 to define a symmetrical, relatively large front chamber 926-
1 and an asymmetrical, relatively small back chamber 928-1. The speaker 904 in FIG. 32 is
positioned within the device 902-2 to define a symmetrical, relatively large front chamber 926-2
and a symmetrical, relatively small back chamber 928-2. As compared to the device 902-2,
positioning of the speaker 904 within the device 902-3 and a shape of the lower housing
compartment 910-3 in FIG. 33 result in a symmetrical but relatively smaller front chamber 926-3
and an asymmetrical back chamber 928-3 with a similar volume. In FIG. 34, the positioning of
the speaker 904 within the device 902-4 and the shape of the lower housing compartment 910-4
result in the front and back chambers 926-4, 928-4 both being relatively small and asymmetrical.

Examples
The devices 902-1, 902-2, 902-3, 902-4 (hereafter Devices (1)-(4)) shown in FIGS. 31-34

are constructed. Each of Devices (1)-(4) includes a speaker (Ole Wolff; OWS-203657TA-8) that
is 36 mm long, 20 mm wide, and 5.7 mm high. Device (1) does not include a material (i.e., the

mesh 950 shown in FIGS. 22-24) across the single opening or slot 924-1. Devices (2)-(4) each
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include a mesh 950-2, 950-3, 950-4 (Saati Acoustex 006HY; 6 MKS Rayls Acoustic Impedance
[N*s/m"3]) positioned over the respective single opening or slot 924-2, 924-3, 924-4. Devices
(1)-(4) are driven by a sine wave 4.47Vrms/2.5W and output sound pressure measured at a
distance of 1 meter.

The parameters of Device (1) are as follows:

Volume of back chamber = 8.7 cc

Volume of front chamber = 5.0 cc

Width of single opening or slot = 36 mm

Height of single opening or slot = 4.0 mm

Length of single opening or slot = 3.0 mm

Angle of speaker (speaker axis perpendicular to face of the speaker diaphragm) with
respect to axis of single opening/slot = 90 degrees

Angle of front section with respect to front face = 0 degrees

The parameters of Device (2) are as follows:

Volume of the back chamber = 8.4 cc

Volume of the front chamber =4.0 cc

Width of the single opening or slot = 30 mm

Height of the single opening or slot = 3.0 mm

Length of the single opening or slot = 4.0 mm

Angle of speaker with respect to axis of single opening/slot = 0 degrees
Angle of front section with respect to front face = 14 degrees

The parameters of Device (3) are as follows:

Volume of the back chamber = 7.0 cc

Volume of the front chamber =4.3 cc

Width of the single opening or slot = 33 mm

Height of the single opening or slot = 3.0 mm

Length of the single opening or slot = 4.0 mm

Angle of speaker with respect to axis of single opening/slot = 0 degrees
Angle of front section with respect to front face = 14 degrees

The parameters of Device (4) are as follows:

Volume of the back chamber = 5.3 cc

Volume of the front chamber =4.3 cc

Width of the single opening or slot = 33 mm

Height of the single opening or slot = 3.0 mm

Length of the single opening or slot = 4.0 mm

Angle of speaker with respect to axis of single opening/slot = 6 degrees
Angle of front section with respect to front face = 20 degrees

FIG. 35 is a graph illustrating a frequency response of the devices 902-1, 902-2, 902-3,
902-4 of FIGS. 31-34. A desired frequency range of 2.5 kHz to 2.7 kHz, i.e., the frequency range
of an alarm tone, is indicated with vertical dotted lines. Device (1) demonstrated a peak output

of 96.0 dBSPL at a frequency of 2.58 kHz and a -10dB bandwidth of 0.60 to 4.25 kHz. Device
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(2) demonstrated a peak output of 93.1 dBSPL at a frequency of 2.65 kHz and a -10dB
bandwidth of 0.56 to 6.3 kHz. Device (3) demonstrated a peak output of 92.2 dBSPL at a
frequency of 2.72 kHz and a -10dB bandwidth of 0.615 to 4.62 kHz. Device (4) demonstrated a
peak output of 92.8 dBSPL at a frequency of 2.58 kHz and a -10dB bandwidth of 0.65 to 4.00
kHz. The -10dB bandwidth may be determined by calculating an average dBSPL across a
predefined mid-band level (e.g., between 1.0 and 2.0 kHz) and determining where the output
sound pressure level of the device goes below this average by 10dB on both sides of the mid-
band range, i.e., 1.0 and 2.0 kHz.

FIG. 36 is a flowchart illustrating a method 1200 in accordance with the present
disclosure. The method 1200 comprises providing a device comprising an optical apparatus at
1210 in which the device further comprises a speaker and a housing enclosing the speaker. The
speaker is configured to generate acoustic waves defining an alarm tone, and the housing
comprises a single opening that is located within the housing such that (i) a front chamber is
defined between the speaker and the single opening, and (ii) acoustic waves generated by the
speaker exit through the single opening. The method 1200 may continue at 1220 with
assembling the device such that the front chamber and the single opening create a resonator
having a resonance frequency within a frequency range of the alarm tone to selectively increase a
sound pressure level of an output of the device corresponding to the alarm tone. The method
1200 may then conclude.

In some examples, the method may further comprise acoustically sealing the front
chamber such that the acoustic waves generated by the speaker are directed only through the
single opening. The speaker may comprise an electrodynamic speaker, in which the frequency
range of the output of the speaker is from 400 Hz to 4.0 kHz and the output of the speaker
corresponding to the alarm tone falls within a range from 2.0 kHz to 4.0 kHz.

In other examples, the method may further include defining one or more parameters of
the housing such that the resonance frequency is within a frequency range of the alarm tone to
selectively increase the sound pressure level of the output of the device corresponding to the
alarm tone. The one or more parameters may comprise a volume of the front chamber, and the
method further comprises: increasing the volume of the front chamber when the resonance
frequency is to be decreased; and decreasing the volume of the front chamber when the
resonance frequency is to be increased. The one or more parameters may comprise a cross-
sectional area of the single opening, and the method further comprises: decreasing the cross-
sectional area of the single opening when the resonance frequency is to be decreased; and

increasing the cross-sectional area of the single opening when the resonance frequency is to be
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increased. The one or more parameters may comprise a length of the single opening, and the
method may further comprise: decreasing the length of the single opening when the resonance
frequency is to be increased; and increasing the length of the single opening when the resonance
frequency is to be decreased.

Turing now to FIG. 37, an example image capture device 1000 is schematically
illustrated. Particular configurations of the image capture device 1000 are illustrated in FIGS. 18-
25 and 31-34 and described above. As shown in FIG. 37, the image capture device 1000 includes
at least one processor 1002, volatile memory 1004, non-volatile memory 1006, at least one
network interface 1008, a battery assembly 1010, and an interconnection mechanism 1012. The
network interface 1008 includes a radio frequency (RF) transceiver 1008 A. The transceiver
1008A can be used to communicate with location-based devices via a sub-GHz network. These
features of the image capture device are illustrated in dashed lines to indicate that they reside
within a housing 1014. The non-volatile memory 1006 stores executable code 1016 and a data
store 1018.

Some examples further include an image sensor assembly 1020, a light 1022, a speaker
1024, a microphone 1026, a wall mount 1028, a magnet 1030, and a motion sensor 1032. The
image sensor assembly 1020 may include a lens and an image sensor. The light 1022 may
include a light emitting diode (LED), such as a red-green-blue emitting LED. The light 1022 may
also include an infrared emitting diode in some examples. The speaker 1024 may include a
transducer configured to emit sound in the range of 60dB to 80dB or louder. Further, in some
examples, the speaker 1024 can include a siren configured to emit sound in the range of 70dB to
90db or louder. The PIR sensor 1032 measures changes in the amount of ambient infrared (IR)
light radiating from objects in the field of view; however, the PIR sensor 1032 does not emit any
light. As such, the PIR sensor 1032 is useful for detecting motion represented by variations in
temperature over time, such as caused by a person, animal, or object moving through the field of
view. The microphone 1026 may include a micro electro-mechanical system (MEMS)
microphone. The wall mount 1028 may include a mounting bracket, configured to accept screws
or other fasteners that adhere the bracket to a wall, and a cover configured to mechanically
couple to the mounting bracket. In some examples, the cover is composed of a magnetic material,
such as aluminum or stainless steel, to enable the magnet 1030 to magnetically couple to the wall
mount 1028, thereby holding the image capture device 1000 in place.

In some examples, the respective descriptions of the processor 1002, the volatile memory
1004, the network interface 1008, the non-volatile memory 1006, the code 1016 with respect to

the network interface 1008, the interconnection mechanism 1012, and the battery assembly 1010
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with reference to the security sensor 722 are applicable to these same features with reference to
the image capture device 1000. As such, those descriptions will not be repeated here.

Continuing with the example of FIG. 37, through execution of the code 1016, the
processor 1002 can control operation of the image sensor assembly 1020, the light 1022, the
speaker 1024, and the microphone 1026. For instance, in at least one example, when executing
the code 1016, the processor 1002 controls the image sensor assembly 1020 to acquire sensor
data, in the form of image data, to be streamed to the base station 414 (or one of the processes
430, 428, or 432 of FIG. 13) via the network interface 1008. Alternatively or additionally, in at
least one example, through execution of the code 1016, the processor 1002 controls the light
1022 to emit light so that the image sensor assembly 1020 collects sufficient reflected light to
compose the image data. Further, in some examples, through execution of the code 1016, the
processor 1002 controls the speaker 1024 to emit sound. This sound may be locally generated
(e.g., a sonic alert via the siren) or streamed from the base station 414 (or one of the processes
430, 428, or 432 of FIG. 13) via the network interface 1008 (e.g., utterances from the user or
monitoring personnel). Further still, in some examples, through execution of the code 1016, the
processor 1002 controls the microphone 1026 to acquire sensor data in the form of sound for
streaming to the base station 414 (or one of the processes 430, 428, or 432 of FIG. 13) via the
network interface 1008.

It should be appreciated that in the example of FIG. 37, the light 1022, the speaker 1024,
and the microphone 1026 implement an instance of the user interface 712 of FIG. 16. It should
also be appreciated that the image sensor assembly 1020 and the light 1022 implement an
instance of the sensor assembly 720 of FIG. 16. As such, the image capture device 1000
illustrated in FIG. 37 is at least one example of the security sensor 722 illustrated in FIG. 16.

Various inventive concepts may be embodied as one or more methods, of which examples
have been provided. The acts performed as part of a method may be ordered in any suitable way.
Accordingly, examples may be constructed in which acts are performed in an order different than
illustrated, which may include performing some acts simultaneously, even though shown as
sequential acts in illustrative examples.

Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to modify a
claim element does not by itself connote any priority, precedence, or order of one claim element
over another or the temporal order in which acts of a method are performed. Such terms are used
merely as labels to distinguish one claim element having a certain name from another element

having a same name (but for use of the ordinal term).
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Examples of the methods and systems discussed herein are not limited in application to
the details of construction and the arrangement of components set forth in the following
description or illustrated in the accompanying drawings. The methods and systems are capable
of implementation in other examples and of being practiced or of being carried out in various
ways. Examples of specific implementations are provided herein for illustrative purposes only
and are not intended to be limiting. In particular, acts, components, elements and features
discussed in connection with any one or more examples are not intended to be excluded from a
similar role in any other examples.

Also, the phraseology and terminology used herein is for the purpose of description and
should not be regarded as limiting. Any references to examples, components, elements or acts of
the systems and methods herein referred to in the singular can also embrace examples including a
plurality, and any references in plural to any example, component, element or act herein can also
embrace examples including only a singularity. References in the singular or plural form are not

intended to limit the presently disclosed systems or methods, their components, acts, or elements.

2% ¢ 2% << PN

The use herein of “including,” “comprising,” “having,” “containing,” “involving,” and variations
thereof is meant to encompass the items listed thereafter and equivalents thereof as well as
additional items. References to “or” can be construed as inclusive so that any terms described
using “or” can indicate any of a single, more than one, and all of the described terms. In
addition, in the event of inconsistent usages of terms between this document and documents
incorporated herein by reference, the term usage in the incorporated references is supplementary
to that of this document; for irreconcilable inconsistencies, the term usage in this document
controls.

Having described several examples in detail, various modifications and improvements
will readily occur to those skilled in the art. Such modifications and improvements are intended
to be within the scope of this disclosure. Accordingly, the foregoing description is by way of

example only, and is not intended as limiting.
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CLAIMS

What 1s claimed is:

1. A device comprising:

a speaker configured to generate sound and including a diaphragm; and

a housing enclosing the speaker and including a single opening within one portion of the
housing, the speaker being positioned within the housing to define a front chamber between the
diaphragm and the one portion, and the single opening being sized to generate, with the front
chamber, an increased output of the device within a frequency range of an output of the speaker

corresponding to an alarm tone.

2. The device of claim 1, wherein the front chamber and the single opening are configured
to create a resonator having a resonance frequency within the frequency range of the alarm tone
to selectively increase a sound pressure level of the output of the device corresponding to the

alarm tone.
3. The device of claim 1, wherein the increased output of the device comprises a peak output
of the device within the frequency range of the output of the speaker corresponding to the alarm

tone.

4, The device of claim 1, wherein the speaker comprises an electrodynamic speaker capable

of generating an output within a frequency range of from 400 Hz to 4.0 kHz.

5. The device of claim 1, wherein the frequency range of the output of the speaker

corresponding to the alarm tone falls within a range from 2.0 kHz to 4.0 kHz.

6. The device of claim 1, wherein the speaker comprises a security alarm speaker and the

output of the speaker further comprises speech.

7. The device of claim 1, wherein a sound pressure level of the output of the speaker is

increased by at least 10 dB.

8. The device of claim 1, further comprising a camera enclosed in the housing.
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9. A device comprising:

a speaker and a housing enclosing the speaker,

wherein the speaker is attached to define a front chamber between the housing and a
diaphragm of the speaker, and

wherein the housing comprises a single opening that is sized to generate, with the front
chamber, an increased output of the device within a frequency range of an output of the speaker

corresponding to an alarm tone.

10. The device of claim 9, wherein the front chamber is acoustically sealed, such that acoustic

waves generated by the speaker are directed only through the single opening.

11. The device of claim 9, wherein the speaker is enclosed in a lower housing compartment
of the housing and the housing further comprises a main housing compartment that encloses a
camera, wherein the main housing compartment comprises one or more extensions each having
an opening formed therethrough, and wherein one or more fasteners extend through a
corresponding one of one or more openings formed in the lower housing compartment and
through the opening formed in a corresponding one of the extensions to couple the lower housing

compartment to the main housing compartment.

12. The device of claim 11, wherein the camera comprises a camera lens that captures light
along an optical axis, and wherein the optical axis is substantially parallel to a direction in which

acoustic waves produced by the speaker exit the single opening.

13. The device of claim 11, wherein the lower housing compartment is acoustically sealed

with respect to the main housing compartment.

14. A method comprising;

providing a device comprising an optical apparatus, wherein the device further comprises
a speaker and a housing enclosing the speaker, the speaker being configured to generate acoustic
waves defining an alarm tone, wherein the housing comprises a single opening that is located
within the housing such that (i) a front chamber is defined between the speaker and the single

opening, and (ii) acoustic waves generated by the speaker exit through the single opening; and
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assembling the device such that the front chamber and the single opening create a
resonator having a resonance frequency within a frequency range of the alarm tone to selectively

increase a sound pressure level of an output of the device corresponding to the alarm tone.

15. The method of claim 14, further comprising:
acoustically sealing the front chamber such that the acoustic waves generated by the

speaker are directed only through the single opening.

16. The method of claim 14, wherein the speaker comprises an electrodynamic speaker, the
frequency range of the output of the speaker is from 400 Hz to 4.0 kHz, and the output of the

speaker corresponding to the alarm tone falls within a range from 2.0 kHz to 4.0 kHz.

17. The method of claim 14, further comprising:
defining one or more parameters of the housing such that the resonance frequency is
within a frequency range of the alarm tone to selectively increase the sound pressure level of the

output of the device corresponding to the alarm tone.

18. The method of claim 17, wherein the one or more parameters comprise a volume of the
front chamber, the method further comprising:

increasing the volume of the front chamber when the resonance frequency is to be
decreased; and

decreasing the volume of the front chamber when the resonance frequency is to be

increased.

19. The method of claim 17, wherein the one or more parameters comprise a cross-sectional
area of the single opening, the method further comprising:

decreasing the cross-sectional area of the single opening when the resonance frequency is
to be decreased; and

increasing the cross-sectional area of the single opening when the resonance frequency is

to be increased.

20. The method of claim 17, wherein the one or more parameters comprise a length of the

single opening, the method further comprising:
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decreasing the length of the single opening when the resonance frequency is to be
increased; and
increasing the length of the single opening when the resonance frequency is to be

decreased.
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ABSTRACT
A device including a speaker and a housing, in which the speaker is configured to
generate sound and includes a diaphragm and the housing encloses the speaker and includes a
plurality of openings within one portion of the housing. The speaker is positioned within the
housing to define a front chamber between the diaphragm and the one portion, and the plurality
of openings are sized to collectively generate, with the front chamber, an increased output of the
device within a frequency range of an output of the speaker corresponding to an alarm tone. Also

provided are methods for assembling a device including a speaker and a housing.

PATENT
REEL: 065226 FRAME: 0172



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

1/36

FIG. 1

PATENT
REEL: 065226 FRAME: 0173



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

2/36

A 21 7 14
12—l Ve

AY /\/
15 S\ ’_IM_// \&//L—_1g

16~_ M |_‘ %
13—‘/"';/& IR IT NS AN NSUUTIYY -0
10— 18

24«%» /

FIG. 2

PATENT
REEL: 065226 FRAME: 0174



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

3/36

FIG. 3

128
126-2 116

I MU UUHKMNAMNNNILIL

PATENT
REEL: 065226 FRAME: 0175



S 'Old

SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

4/36

[zH] Aouanbau4
00001 0001 oot

0s

9S

09

S9

oL

SL

08

S8

|EUILUION XZ svooee

[1dsgp] |9A917 24nssald punos indinp

06
[BUIWON XG'Q® == «=

vvvvvv vvvvvvvvvvvv vvvvvvvvvvvvvvv vvvvvvvvvvvvvvvvvvvvvv vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv | vvvvvvvvvv e vvvvvvvvvvvvvvv _mC_EOZ m mm

00T

3WIN|OA Jaquiey) JUol4 JO 1943 ‘pPIol4 9344 WT/MT ‘Osuodsay Aduanbaig

PATENT
REEL: 065226 FRAME: 0176




9 "Old

SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

5/36

[zH] Aouanbau4
0001 oot

0s
0 T A W N S T O O T T .
SN e
,,,,,, R ar
R N S
— s
TR O O T S ! o

e ...................... ................ ....................... ..................................... m S8

[1dsgp] |9A917 24nssald punos indinp

J13weq Sujseanu| I | TPUIWONXZeseee 1 06
: : : : : : : [BUILUON XG'(® am =m ]

vvvvvvvvvv e vvvvvvvvvvvvvvv _mC_EOZ m mm

00T

Ja1owelq 3uluadQ Jo 10943 ‘pIdl4 9814 WT/MT ‘Osuodsay Adouanbaig

PATENT
REEL: 065226 FRAME: 0177




L "Old

SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

6/36

[zH] Aouanbau4
00001 0001 oot

0s
,,,,,,,,, ,,,,,,,,,,,, ,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, w ,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 ss
vvvvvv <% 5 S W — o
NN ” | | | ” , 59

oL

...................... ................ ....................... ..................................... m 08

,,,,,, e T e
B ~ sBuuadojo | n | | rrulwoNxzesess | ]
~ JaquinN Suiseasdu

[1dsgp] |9A917 24nssald punos indinp

06
[BUIWON XG'Q® == «=

vvvvvvvvvv e vvvvvvvvvvvvvvv _mC_EOZ m mm

00T

s3uiuadQ jo JaquinN J0 129443 ‘pIold 9344 WT/MT ‘@suodsay Aduanbaig

PATENT
REEL: 065226 FRAME: 0178




SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

7/36

o
o
o
o
i
&
c
Q
—l
o
£
c
o
Q
O
L
(o]
)
@
b =
[vT]
3 N
o Z
2 > (o]
e §2 .
@ 3l Q
r o T
E w
-
s
-
-
Q
[72]
c : : : v
s |
o
(743
@
& | i
o
e Tu
O £ w
= T 5 E
(] 1€ =z g
e E x =2
o N
Z O N
[ ] .
1
[ I
o
................................................ 8
i
O 1 O ! © ! o n o wm o
8 ()] [¢)] 0 o] ™~ M~ [{e] (Vo] [Tp] N
[1dsgp] |9A917 24nssald punos indinp
PATENT

REEL: 065226 FRAME: 0179



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

8/36

Frequency Response, 1W/1m Free Field, Measured

s e ¢ ¢ (3) Adjust Grill Dimensions

| = =Alarm Frequency Range

| === =(2) Add Gasket

10000

1000
Frequency [Hz]

o
o
i
o N () n o LN o LN o LN o
2 [¢)] [¢)] o0 0 ™~ ™~ (e} [Ce] Tp] n
[1dsgp] |2A917 24nssald punos indinp
PATENT

REEL: 065226 FRAME: 0180

FIG. 9



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

9/36

o
o
o
Q
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
]
o
T
3
[72]
@
S
x-}
2
L.
o =
r E> o
o ol
t S E O S S N . O =R
g = )
= | =
| g = L
-
Q
(723
[ — il
(] =
% (L)
& 5 o
©
z | sslAf
5 -
>
3 2 g
,,,,,,,,,,, Z
o S 3
e e 9
S L
£ £
,,,,,,,,,,, (&} Ll ETIII S G S I ST S S
— {C
T <
'
o
o
i
© 1M O ;1 © ;1 © Wm o m O
8 [¢) ] [¢)] o0 00 M~ M~ o (Vo] Tp] n
[1dsgp] |2A917 24nssald punos indinp
PATENT

REEL: 065226 FRAME: 0181



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

10/36

200~ ( sTART )

A 4

210
4 PROVIDE A SPEAKER AND A HOUSING

'

220~_| ASSEMBLE THE HOUSING AND THE
SPEAKER TO FORM A DEVICE

FIG. 11

PATENT
REEL: 065226 FRAME: 0182



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

11/36

300~
10~ PROVIDE A SPEAKER
'
320~_ PROVIDE A HOUSING
I
230 | POSITION THE SPEAKER WITHIN THE
J HOUSING TO DEFINE A SEALED FRONT

CHAMBER

'

DEFINE ONE OR MORE PARAMETERS
OF THE DEVICE TO COLLECTIVELY
CREATE A RESONATOR

I

END

FIG. 12

PATENT
REEL: 065226 FRAME: 0183



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

12/36

(Monitoring Center\
Environment

420
\.

(" Data Center Environment )

4

24
Surveillance Service
428

Transport Services
426

> 400

(Customer Devices\
422

Network

Monitor J
7/

418

Customer
Interfaces

\ =)

FOTOCETINTETie] OO eaiees

430
\ —

T X Sy
- '\'.\\\\\\\\\‘. '\‘f\\\\\\\\\“"'

Interfaces
Lo

b didddiddiddiddiias

Surveillance
Client

Rt
st sttt

B RRONISISUSIN ASNSUNSUSUSSNONS

asiseeniees
s
ond, Gaoins
3
e et

%

AR

%

R R P
3

3
%
3

e

{4'/’1’177777'/77777';77777{9

Z
Z
Z
Z
%
3

410

4178

ey
r,,,,””]”’”””””””” 7

Z

Gessnniccsssssnmiocess.

Ry

Location
402A

N

[
o3}
i

eseeeeIs s eeeee e ees
%,
’IIII]II’I’I’I’I’I’I’I’I’I’I’I’

N
417A

W]
S
o"..

=ty

9‘£

"
K
7 wlz\l

X}

)
24
38

A‘.,.,,_‘
i
14

ot

X5
5
&

3 150
oy
12
SXET TS

LS
.‘»':l

.-—
a2

e
12800

FIG. 13

REEL: 065226 FRAME: 0184

PATENT



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

13/36

Base Station Keypad
I: 414 :I 408
User User
Interface Interface
212 S 612
518 ™~
— | —— N e
Processor | | Non-volatile Processor Non-volatile 618
500 Memory 600 ] Memory
\ / 506 \ - / 606
omtie ) o)
Volatile | Code Volatile Code
Memory 508 Memory [ 608
\ 202 / \ 602 ) —
( Network Data [ Network ) Data
Interface | 210 Interface | 610
504 \——/ \—/
\ / —~S \ 604 / ~S
(_\ 516 /_\ 616
Battery Battery
Assembly Assembly
\ 514 / \ 614 /
PATENT

REEL: 065226 FRAME: 0185



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

14/36

Security
Sensor

{ User %
i Interface i
o712
______________ . ~
(""""f‘\ 718
Processor Non-volatile
700 | Memory
706
("""‘T"“\ Battery
Volatile | H Code Assembly
Memory 708 714
702 /14
{ Network ) Data
Interface = 710
\ 704 )

Sensor
720

FIG. 16

PATENT
REEL: 065226 FRAME: 0186



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

15/36
> 800
Processor [ Non-volatile
801 | Memory
806
(" Volatile ) | Code
Memory [ 308
\ 802 /
Interface(s) | | lea(’;a
804 \ — )
;} \
812
FIG. 17

PATENT
REEL: 065226 FRAME: 0187



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

16/36

922

912A/921

932

912B

FIG. 18

PATENT
REEL: 065226 FRAME: 0188



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

17/36

932

924

PATENT
REEL: 065226 FRAME: 0189



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

18/36
v9/22 902
I
936 |
|
'\‘\“"': L-912A
:
:
|
918-._|!
|
:
i
:
| 910E — /-912B
A /
N )4

910C FIG. 20

PATENT
REEL: 065226 FRAME: 0190



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.

Docket No. $5-23-005US-U-01

19/36

Vi¢ 'Old

PATENT
REEL: 065226 FRAME: 0191



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

20/36
918 / ] ~r/ 912A
\\ L —920
4
921 e
956
9627 | i 928 N 1974
| ' _ 910
954/
910A 963
968 . 9(30/ 916
914~ ‘
911
930B
930
FIG. 21B

PATENT
REEL: 065226 FRAME: 0192



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

21/36

A\

AN

)

930B

/)

952

NN /////// 0 1T |
4‘///%////9//§—
=

PATENT
REEL: 065226 FRAME: 0193



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

22/36

" @R&r 930
> 928

| 910
=~ //f91OB
~917

‘*///<f904
1

930A

930 910C
FIG. 23

PATENT
REEL: 065226 FRAME: 0194



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

23/36

PATENT
REEL: 065226 FRAME: 0195



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.

Docket No. $5-23-005US-U-01

24/36

GZ "Old

c06

PATENT
REEL: 065226 FRAME: 0196



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

25/36

Frequency Response, 2.5W/1m Free Field, Measured

: o ° : ;
Pecssseggeoescssocssccinces
noco.;.oﬁ

0060000000000 0000 0000

eecssseeeevnse R xxr

(1) No Front Resonator
= == «(2) With Front Resonator
seese Alarm Frequency Range

100

LN o n (=} LN o LN (=} LN (=]
[¢)] [+)] 0 0 ~ N~ Yo (o] [Tol n

[1dsgp] |9A97 24nssald punos indinp

10000

1000
Frequency [Hz]

100

REEL: 065226 FRAME: 0197

FIG. 26

PATENT



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

26/36

o
(@]
o
o
i
)
£
=
(=]
>
)
(]
ot
]
c
(@]
(743
QU
o
[
(o]
=)
]
= —
> T
: = N~
3 o> N
2 og .
I:; Se (O
o o L.
[T 9 [
£
-
=
-
o
(223
c
(o]
Q
[7¢3
Q
o
o) T _
c £
S -
o 1€ = g
¢ ||5 5 2
u. z o N
1
[ I
: : : : : : : : o
T T TP TS NS ST TS SR T B~
i
© ! © 1 O M © !N O um o
8 ()] [¢)] 0 o] ™~ M~ [{e] (Vo] [Tp] N
[1dsgp] |9A917 24nssald punos indinp
PATENT

REEL: 065226 FRAME: 0198



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

27/36

REEL: 065226 FRAME: 0199

o
o]
S
S
—
=4
0 L
] 2
T B
- a
o 2 <
7)) o 20
. -
§ |wZ
© £ %
c n 2
o o v
I o
O B T R R
o c
- -
o
e
9
T N
w ==
-] 9%
T I A . O R B R S
RN NS U SN . S W W W g
o | s
TS
£
(!
s
i
o
"0
[ =
o
Q.
0
Q
o= ®
3‘ £
c e g E
a ]
=] £ =z o)
o E x =2
T} o N
[ Z O
L [ .
" .
" .
: : : : : : : z o
=
o Ln o L0 o LN o Ln o n o
=1 o)) & o ] ~ ~ ©o O n e
[1dsgp] |2A97 ainussald punos inding
PATENT

FIG. 28



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

28/36

o
o
o
o
i
£
=4
=2
)
K}
7
S
(]
et
L]
c
(o]
(723
Q
o
[T,
(=]
s )
]
N
& I o
] ST (O]
h —3> —
v 4 L.
Qo e
W
£
-
s
-
N
(723
c
(o]
Q
(7]
Q
e ©
ey £ =
5 ||z 5
= 1€ =z &
o E x Z2
o 20 1 x
w S o
1
[ I
: : : : : : : : o
T T TP TS NS ST TS SR T B~
i
O 1 O ’»W O 1 O 1 o m o
8 ()] [¢)] 0 o] ™~ ™~ [{e] (Vo] [Tp] N
[1dsgp] |9A917 24nssald punos indinp
PATENT

REEL: 065226 FRAME: 0200



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

29/36

Frequency Response, 1W/1m Free Field, Effect of Resonator Slot Length

onator

ing Res
Slot Leng

ncreasing

Nominal
= «= «().5x Nominal

eeseeex Nominal

100

()] [¢)] 0 o] ™~ M~ [{e] (Vo] [Tp]
[1dsgp] |9A917 24nssald punos indinp

LN (=} LN (=} LN o LN o n 8

10000

1000
Frequency [Hz]

FIG. 30

100

REEL: 065226 FRAME: 0201

PATENT



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

30/36

]
I
M
I
I
I
I

928-1

/
919\\j <4;2jzj//42?;/;/C/§/C{jzé%/ <//-910--1

| 904
P4 Wiz 930-1
902-1~
910A-1
L924-1 == ‘
H .93& ! >§S§§§§ 9
924-1-"Y
924-1

PATENT
REEL: 065226 FRAME: 0202



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

31/36

912~ - 7
918~ |NNE== %
7 Z
g
— , /
/ % %_4J é
7 2 N\
919\§ 928-2
' 9022
< 910-2

PATENT
REEL: 065226 FRAME: 0203



EEEEEEEEEEEEE

.

PATENT
REEL: 065226 FRAME: 0204



33/36

N P2

PATENT
REEL: 065226 FRAME: 0205

FIG. 34



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

34/36

Frequency Response, 2.5W/1m Free Field, Measured

= Device (1)
= = = Device (2)
e« Device (3)
e= « Device (4)

eeeee Alarm Frequency Range

[=] Ln (=] LN [=] Ln (=]
(2] o0 o0 M~ M~ © @

[1dsgp] |9A917 24nssald punos indinp

o
(=)
(=}
o
i
N
=)
> H
c ™
g u
o/ O
(] —
i LL
(=}
(=}
o
Ln [=} -
n N
PATENT

REEL: 065226 FRAME: 0206



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

35/36

1200~

( Start )

1210~ v
Provide an optical apparatus and a device

1220~ v
Assemble the optical apparatus and device

A 4

End
FIG. 36

PATENT
REEL: 065226 FRAME: 0207



SPEAKER DEVICE
Inventors: Curtis Gahimer et al.
Docket No. $S$-23-005US-U-01

36/36

émage
ensor
1014 Assembly

1020

\ L 1008A

-1022

1002 1 Memory Device

Processor)'-22¢&, g, 00
i 1o1sj H I\1

! i 018 /

1004 | 1008 {1008A

| Non-Volatile | Capture
|
|

~A_1l___ ~yx_1l___

! Volatile \: ' Network \:__‘l_
\ Memory ; ! Interface i ~

_______________

 Magne 712
\ """ Microphone
1026

Speaker
1024

FIG. 37

PATENT
REEL: 065226 FRAME: 0208



Firm Docket No. SIM 013 |A
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Patent Assignment Agreement
This ASSIGNMENT AGREEMENT (“Assignment”) is made by and between
John D'Aversa Jr. of Cambridge, Massachusetts, citizen of the United States of America,
Patrick Lloyd Murphy of Somerville, Massachusetts, citizen of the United States of America,

(the “Inventor{s)”) and SimpliSafe, Inc. a Delaware Corporation, with offices located at 100
Summer Street, Suite 300 Boston, Massachusetts 02110 {the “Assignee”) regarding a patent
application titled

SPEAKER DEVICE.

WHEREAS, the Inventor(s) have invented one or more inventions {the “Inventions”)
disclosed in the application filed in the United States Patent and Trademark Office {"USPTO") on
September 26, 2023 and given Application No. 18/474,539;

WHEREAS, Assignee, together with its successors and assigns, and in accordance with
agreement(s) duly entered into with the inventor{(s), desires to confirm its rights in and acquire
the entire right, title, and interest in and to the Inventions and to the Applications (as defined
here}.

NOW, THEREFORE, the parties agree as follows:

1. Forvaluable consideration from the Assignee to the Inventor(s), the receipt and
adequacy of which are hereby acknowledged and accepted, and in accordance with
existing agreement(s) duly entered into with the Assignee, the Inventor{s) hereby
convey, transfer, and assign to the Assignee, its lawful successors and assigns, the
entire and exclusive right, title, and interest in and to the Invention{s) and all patents
that may be granted therefor in the United States and all other countries, territories,
and jurisdictions in the world (collectively, the “Countries”), and to ail existing or
future related applications, national stages, divisions, substitutes, renewals, reissues,
continuations {including continuation and continuation in-part applications),
counterparts, conversions, re-examinations, designs, extensions, and the alike in all
Countries (collectively, the “Applications”} and any resulting patents thereof for the
full terms for which the same may be granted and any rights associated therewith,
including, but not limited to, any and all royalties, profits, damages, fees, income,
payments, and other proceeds now or hereafter due or payable therefor, and to the
right to claim benefit and priority from the Applications in all of the Countries.
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The Inventor(s) represent and warrant that [{/We] have the ability to convey all
rights, title, and interest herein assigned, that there are no rights, title, or interest
outstanding inconsistent with the rights, title, and interest granted herein, and that
[I/We] will not execute any instrument or grant or transfer any rights, title, and
interest inconsistent with the rights, title, and interest granted herein.

The Inventor(s} authorize the Assignee to file for and request that the USPTO and
corresponding bodies in each of the other Countries issue any and all patents
resulting from any of the Applications to the Assignee.

This Assignment inures to the benefit of the Assignee and its successors, assigns, and
other legal representatives, and is binding on the Inventor(s) and [his/her/their]
respective heirs, legal representatives, and assigns.

The Inventor(s) shall take such steps and actions, and provide such cooperation and
assistance at the Assignee’s expense to the Assignee and its successors, assigns, and
legal representatives, in connection with the inventions and the Applications, or for
any inventions and discoveries derived therefrom, as may be necessary to effect,
evidence, or perfect the Assignment to the Assignee or any assignee or successor
thereto including, but not limited to: the execution and delivery of any affidavits,
declarations, oaths, exhibits, assighments, powers of attorney, documents in
connection with claims or provisions of the International Convention for the
Protection of industrial Property or similar treaties and agreement, or other lawful
papers; the execution and delivery of all papers necessary in connection with any
administrative or judicial proceedings; and the provision of information and
testimony and cooperation in every way in obtaining and producing evidence and
prosecuting such proceedings.

This Assighment and any claim, controversy, dispute, or cause of action {whether in
contract, tort, or otherwise) based upon, arising out of, or related to this Agreement
and the transactions contemplated here by is governed by, and construed in
accordance with, the laws of the United States and the Commonwealth of
Massachusetts, without giving effect to any choice or conflict of law provision or rule
{(whether of the Commonweaith of Massachusetts or any other jurisdiction). Any
dispute arising out of this Assignment will be subject to the exclusive jurisdiction of
the state and federal courts of Suffolk County Massachusetts, and | hereby waive
any objection to such jurisdiction and venue.

Page 2 of 4
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7. The Inventor(s) hereby grant Assignee and its attorneys or agents the power to
insert on this Assignment any further identification information, including an
application number and filing date of the Inventions and Applications conveyed,
transferred, and assigned in paragraph 1, supra, which may be necessary or
desirable to identify such Inventions and Applications.

[SIGNATURE PAGE FOLLOWS]
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{1/Wel have executed this Assignment on the date{s) indicated below:

SN s e & - i'- SR T
Date: Oi:t 2’ 23&3 ngﬁature: o‘n(';’lfi?\\é?\ff{mpyﬁ /’E;\T,}
Name: lohn D'Aversa Ir.
S . ) ’ i
Date: 58P 29,2023 Signature:  Faliwsty [op i 13 2V
Name: Patrick Lioyd Murphy

Assignee does hereby acknowledge and accept the above sale, assignment, and transfer of all
the rights, title, and interest enumerated above.

Agreed to and Accepted:

Date; Oct3,2023 Signature: Z?@g%ﬁ/ /? e
Name: David R. Soucy
Title: Sr. Legal Counsel, 1P
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