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ABSTRACT
Many different types of systems are utilized and tasks are performed in a
marine environment. The present invention provides various configurations of
castable devices that can be operated and/or controlled for such systems or tasks. One
or more castable devices can be integrated with a transducer assembly, such as a
phased array, that emits sonar beams and receives sonar returns from the underwater
environment. Processing circuitry may receive the sonar returns, process the sonar

returns, generate an image, and transmit the image to a display.
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CASTABLE SONAR DEVICES AND OPERATIONS IN A MARINE
ENVIRONMENT

FIELD OF THE INVENTION
(1] Embodiments of the present invention relate generally to castable devices
and, more particularly, to castable sonar devices used for various operations in a

marine environment.

BACKGROUND OF THE INVENTION
2] Whether for recreation use, commercial use, or otherwise, persons in a
marine environment utilize many different types of systems and perform many
different types of tasks. There is always a need to improve such systems and offer
more efficient ways for a user to enjoy the marine environment. Castable devices can
improve the user’s experience, but known devices presently lack various features that

can further enhance the user’s experience.

BRIEF SUMMARY OF THE INVENTION
(3] The marine environment offers many unique circumstances and challenges
when utilizing a castable device. Embodiments of the present invention provide many
different configurations and uses for a castable device in a marine environment that
account for these circumstances and challenges. For example, using a marine
electronic device from a marine vessel to display sonar data from a castable sonar
device can provide environmental knowledge to a user. In this regard, as detailed
herein, embodiments of the present invention contemplate manual, autonomous, ard
remote control and operation of castable devices in a marine environment for many
different types of tasks and systems, including, for example, sonar, tracking, alert
functionality, and video streaming, among many others.
(4] In some embodiments, a castable sonar device is provided. The castable
sonar device includes a housing configured to float on a body of water above an
underwater environment. The housing comprises a tether connection feature
configured to connect to a tether or fishing line. A power source is positioned within
the housing. A transducer assembly is positioned within the housing. Wherein the
transducer assembly includes a transducer array positioned within the housing and

aimed downwardly therefrom. The transducer array comprises a phased array. The
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phased array comprises a plurality of transducer elements. Each of the plurality of
transducer elements is configured to receive phased array sonar returns from the
underwater environment. A wireless communication element is configured to
transmit one or more signals to and receive one or more signals from a remote
computing device. A processing circuitry is provided within the housing. The
processing circuitry is configured to receive one or more phased array sonar returns
from the transducer array, process the one or more phased array sonar returns to
generate phased array sonar return data corresponding to the underwater environment,
generate, based on the phased array sonar return data, a sonar image corresponding to
the underwater environment, and transmit, via the wireless communication element,
the sonar image to the remote computing device for presentation on a display of the
remote computing device.

[5] In some embodiments, the castable sonar device further includes a wide
beam sonar transmitter configured to transmit sonar beams into the underwater
environment, and the phased array is configured to receive sonar returns
corresponding to the sonar beams.

(6] In some embodiments of the castable sonar device, the phased array is
configured to transmit sonar beams into the underwater environment and receive
sonar returns therefrom.

(7] In some embodiments of the castable sonar device, the phased array
transmits frequency steered sonar beams.

[8] In some embodiments of the castable sonar device, an angle, with respect
to a water line of the body of water, of a sonar return associated with an object in the
underwater environment is determined based on a phase difference between sonar
returns associated with the object that are received at two or more transducer elements
of the phased array.

[9] In some embodiments of the castable sonar device, an angle, with respect
to a water line of the body of water, of a sonar return associated with an object in the
underwater environment is determined based on relative positions and known
distances between two or more transducer elements of the phased array. The two or

more transducer elements each receive a sonar return associated with the object.
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[(10] In some embodiments of the castable sonar device, the determined angle
corresponding to the sonar return associated with the object is used to generate a
three-dimensional position of the object in the underwater environment for the sonar
image.

[11] In some embodiments of the castable sonar device, the determined angle
corresponding to the sonar return associated with the object is used to generate a two-
dimensional position of the object in the underwater environment for the sonar image.
[12] Some embodiments of the castable sonar device further include a location
sensor configured to determine the position of the castable sonar device. The
processing circuitry is configured to determine a current position of the castable sonar
device and transmit the current position of the castable sonar device to the remote
computing device.

[13] Some embodiments of the castable sonar device further include a
propulsion system configured to propel the castable sonar device along a surface of
the body of water. The processing circuitry is configured to receive instructions from
the remote computing device to move to a location and cause the propulsion system to
operate to cause the castable sonar device to move to the location.

[14] In some embodiments of the castable sonar device, the processing circuitry
is configured to maintain the castable sonar device within a predetermined distance
threshold from a second castable sonar device such that the castable sonar device and
the second castable sonar device form an array to provide increased sonar coverage of
the underwater environment.

[15] Some embodiments of the castable sonar device further include an
attachment for a lure, a motion sensor configured to detect motion corresponding to a
bite, and a light indicator. The processing circuitry is configured to receive motion
data from the motion sensor, determine, based on the motion data, occurrence of a
bite, and cause the light indicator to illuminate to provide an indication of the
occurrence of the bite.

[16] Some embodiments of the castable sonar device further include a memory,
wherein the processing circuitry is configured to determine a signal connection
strength between the wireless communication element and the remote computing
device and save in the memory, in an instance in which the signal connection strength

is below a minimum signal connection strength threshold, the sonar image for later
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transmission to the remote computing device once the signal connection strength
increases above the minimum signal connection strength threshold.

[17] Some embodiments of the castable sonar device further include a dispense
mechanism configured to dispense at least one of an aroma, chum, or a chemical
attractant into the underwater environment. The processing circuitry is configured to
cause the dispense mechanism to cause dispensing of the aroma, the chum, or the
chemical attractant into the underwater environment.

(18] In some embodiments of the castable sonar device, the transducer elements
are affixed to a printed circuit board (PCB), wherein each of the plurality of
transducer elements is electrically connected to traces on the PCB.

[19] Some embodiments of the present disclosure provide a system including a
castable sonar device. The castable sonar device includes a housing configured to
float on a body of water above an underwater environment. The housing includes a
tether connection feature configured to connect to a tether or fishing line. A power
source is positioned within the housing. A transducer assembly is positioned within
the housing. The transducer assembly includes a transducer array positioned within
the housing and aimed downwardly therefrom. The transducer array includes a
phased array. The phased array comprises a plurality of transducer elements. Each of
the plurality of transducer elements is configured to receive phased array sonar returns
from the underwater environment. A wireless communication element is configured
to transmit one or more signals to and receive one or more signals from a remote
computing device. Processing circuitry provided within the housing. The processing
circuitry is configured to receive one or more phased array sonar returns from the
transducer array, process the one or more phased array sonar returns to generate
phased array sonar return data corresponding to the underwater environment,
generate, based on the phased array sonar return data, a sonar image corresponding to
the underwater environment, and transmit, via the wireless communication element,
the sonar image to the remote computing device for presentation on a display of the
remote computing device. The remote computing device comprises a wireless
communication element configured to receive the sonar image from the castable sonar
device, a user interface comprising the display, and processing circuitry. The
processing circuitry is configured to receive the sonar image from the castable sonar
device and cause presentation of the sonar image on the display of the remote

computing device.
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[20] Some embodiments of the present disclosure provide a system including a
castable sonar device. The castable sonar device includes a housing configured to
float on a body of water above an underwater environment. The housing comprises a
tether connection configured to connect to a tether or fishing line. A power source is
positioned within the housing. A transducer assembly is positioned within the
housing. The transducer assembly comprises a transducer array positioned within the
housing and aimed downwardly therefrom. The transducer array comprises a phased
array. Each of the plurality of transducer elements is configured to receive phased
array sonar returns from the underwater environment. A wireless communication
element configured to transmit one or more signals to and receive one or more signals
from a remote computing device. Processing circuitry is provided within the housing.
The processing circuitry is configured to receive one or more phased array sonar
returns from the transducer array and transmit, via the wireless communication
element, the one or more phased array sonar returns to the remote computing device.
The remote computing device comprises a wireless communication element
configured to receive one or more signals from the castable sonar device, a user
interface comprising a display, and processing circuitry. The processing circuity is
configured to receive the one or more phased array sonar returns from the castable
sonar device, process the one or more phased array sonar returns to generate phased
array sonar return data corresponding to the underwater environment, generate, based
on the phased array sonar return data, a sonar image corresponding to the underwater
environment, and cause presentation of the sonar image on the display of the remote

computing device.

BRIEF DESCRIPTION OF THE DRAWINGS
[21] Having thus described the invention in general terms, reference will now
be made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:
[22] FIG. 1 illustrates a marine environment that includes an example
watercraft and an example castable device, in accordance with some embodiments
discussed herein;
[23] FIG. 2A shows an example castable device, in accordance with some

embodiments discussed herein;
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[24] FIG. 2B shows another example castable device, in accordance with some
embodiments discussed herein;

[25] FIG. 2C shows a further example castable device, in accordance with some
embodiments discussed herein;

[26] FIG. 2D shows an example diagram of an arrangement of transducer
elements on a printed circuit board (PCB) of a phased array, in accordance with
various implementations described herein;

[27] FIG. 2E shows another example diagram of an arrangement of transducer
elements on a printed circuit board (PCB) of a phased array, in accordance with
various implementations described herein;

[28] FIG. 2F shows a 2-dimensional swath of data captured by a phased array,
in accordance with various implementations described herein;

[29] FIG. 2G shows an example diagram of a Mills Cross phased array
configuration, in accordance with various implementations described herein;

[30] FIG. 2H shows operation of a split-beam transducer, in accordance with
various implementations described herein;

[31] FIG. 3 shows a block diagram of an example castable sonar device that
illustrates an example power system, in accordance with various implementations
described herein;

[32] FIG. 4A shows an example screen of a marine electronic device, wherein
the screen shows sonar imagery taken from the castable device on a left portion of the
screen and a chart illustrating locations of the watercraft and castable device on a
body of water on the right portion of the screen, in accordance with some
embodiments discussed herein;

[33] FIG. 4B shows an example screen of a marine electronic device, wherein
the screen shows sonar imagery taken from the castable device on a left portion of the
screen and a chart illustrating locations of the watercraft and castable device on a
body of water on the right portion of the screen, wherein the sonar imagery is overlaid
on the chart, in accordance with some embodiments discussed herein;

[34] FIG. 5 illustrates a castable sonar device having a motion sensor for
detecting when a fish is hooked, in accordance with some embodiments discussed

herein;
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[35] FIG. 6 shows a block diagram illustrating an example system for
controlling and operating a castable device, in accordance with some embodiments
discussed herein;

[36] FIG. 7 shows a block diagram illustrating an example environment for
example systems for controlling and operating multiple castable devices, in
accordance with some embodiments discussed herein;

[37] FIG. 8 illustrates a method for storing data when the castable device is
outside of transmission range of its corresponding receiver, in accordance with some
embodiments discussed herein;

[38] FIG. 9 illustrates an example marine environment with a watercraft and a
castable device, wherein the castable device acts as a buoy to visually indicate a
location of a desired underwater feature, in accordance with some embodiments
discussed herein,;

[39] FIG. 10A illustrates a plurality of networked castable sonar devices and
displays of their respectively collected data, in accordance with some embodiments
discussed herein;

[40] FIG. 10B illustrates a plurality of networked castable sonar devices that
are deployed at various locations around a marine vessel, in accordance with some
embodiments discussed herein;

[41] FIG. 10C shows a representation of sonar data displayed on a marine
electronic device that illustrates collected sonar data including data collected from
each castable device of FIG. 10B, in accordance with some embodiments discussed
herein;

[42] FIG. 10D illustrates a plurality of networked castable sonar devices that
are deployed at various locations along a body of water, in accordance with some
embodiments discussed herein;

[43] FIG. 10E illustrates a representation of sonar data from the plurality of
sonar devices of FIG. 10D, in accordance with some embodiments discussed herein;
[44] FIG. 11 illustrates a projection system that projects on a body of water’s
surface information corresponding to sonar data from a castable device, in accordance
with some embodiments discussed herein;

[45] FIG. 12 illustrates a laser tracking system for a castable device, in

accordance with some embodiments discussed herein;
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[46] FIG. 13 illustrates a castable device having a tether with indicators
thereon, in accordance with some embodiments discussed herein;

[47] FIG. 14A shows an example screen of a marine electronic device, wherein
the screen shows an example chart of a body of water with representations of a
watercraft and two castable devices, in accordance with some embodiments discussed
herein;

[48] FIG. 14B shows an example screen of a marine electronic device, wherein
the screen shows an example chart of a body of water with representations of a
watercraft, a castable device, and a path taken by the castable device, in accordance
with some embodiments discussed herein;

[49] FIG. 14C shows an example screen of a marine electronic device, wherein
the screen shows an example chart of a body of water with representations of a
watercraft, two castable devices, and corresponding survey areas for each castable
device, in accordance with some embodiments discussed herein;

[50] FIG. 15A shows an example screen of a marine electronic device, wherein
the screen shows video taken from the castable device on a left portion of the screen
and a chart illustrating locations of the watercraft and castable device on a body of
water on the right portion of the screen, in accordance with some embodiments
discussed herein;

[51] FIG. 15B shows an example screen of a marine electronic device, wherein
the screen shows video taken from the castable device on a left portion of the screen
and a chart illustrating locations of the watercraft and castable device on a body of
water on the right portion of the screen, wherein images from the video are overlaid
on the chart, in accordance with some embodiments discussed herein;

[52] FIG. 16 illustrates a flow control diagram of an example method of
controlling and operating a castable device to cause the castable device to travel to a
desired location, in accordance with some embodiments discussed herein; and

[53] FIG. 17 illustrates a flow control diagram of an example method of
controlling and operating a castable device to cause the castable device to gather

operational data, in accordance with some embodiments discussed herein.
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DETAILED DESCRIPTION
[54] Exemplary embodiments of the present invention now will be described
more fully hereinafter with reference to the accompanying drawings, in which some,
but not all embodiments of the invention, are shown. Indeed, the invention may be
embodied in many different forms and should not be construed as limited to the
exemplary embodiments set forth herein; rather, these embodiments are provided so
that this disclosure will satisfy applicable legal requirements. Like reference

numerals refer to like elements throughout.

Overview
[55] Embodiments of the present invention contemplate many different
configurations and uses of castable devices in a marine environment. The term
“castable device” generally refers to an assembly that is configured to be cast into a
body of water. In some embodiments, the castable device is placed in the body of
water adjacent a marine vessel. In other various embodiments, the castable device is
attached to a fishing line of a fishing rod, and the castable device is cast via the rod
into the body of water. FIG. 1 shows a marine vessel 10 and castable sonar device 20
in a marine environment 1. As depicted, the marine vessel 10 is floating on a surface
12 of a body of water 11 and a castable device 20 is floating nearby. The castable
device 20 has a net density so that it floats on the surface 12 of the body of water 11.
The castable device 20 attaches to the marine vessel 10 via a tether 60. In other
embodiments, the castable device 20 attaches to a fishing rod via a fishing line and, in
some embodiments, acts as a bobber (e.g., having a hook and bait/lure attached
thereto). Although generally referenced throughout this disclosure as floating on the
surface of the water, in further embodiments, the castable device 20 is submersible.
That is, it may be neutrally buoyant and/or have ballast tanks to adjust its buoyancy so
that it may sink or float, depending on a desired buoyancy. Embodiments of castable
device that are configured as submersible unmanned vehicles and unmanned air
vehicles are contemplated in U.S. Patent No. 10,019,002, entitled “Unmanned Vehicle
Control and Operation in a Marine Environment,” which is assigned to the Assignee
of the present application and is incorporated herein by reference in its entirety for all

purposes.
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[56] In some embodiments, as will be described in greater detail herein, the
castable device 20 may be controlled and/or operated by or through a marine
electronic device 40 (e.g., a multi-function display (MFD)) of the marine vessel 10 or
a mobile device 50.

[57] Though the depicted embodiment of FIG. 1 shows an example marine
vessel as a surface watercraft, other types of marine vessels are contemplated by
embodiments of the present invention described herein (e.g., submersible marine
vessels, hovercraft marine vessels, etc.).

[58] The following description regarding FIGs. 2A, 2B, and 2C detail some
example components of various castable devices that can be used in accordance with

example embodiments described herein.

Example Housing

[59] FIG. 2A illustrates a castable device 20 having a housing 102, a tether
attachment 104 that enables attachment of the tether 60, and a sonar transducer
assembly 106 attached at a bottom of the castable device 20. The castable device 20
has a net density so that it floats on the surface 12 (FIG. 1) of the body of water 11
(FIG. 1). That is, in some embodiments, the housing 102 is comprised of a buoyant
material, such as, for example, expanded polystyrene foam. In some embodiments,
the housing 102 includes a shell that encapsulates air so that the body’s overall net
density is less than that of water. The housing 102, in some embodiments, may be
weight-balanced so that the castable device 20 floats in a specific orientation. For
example, the housing 102 may be balanced so that certain components (e.g.,
communication antenna and LED indicators) are disposed above the surface 12 and
other components (e.g., sonar sensors) are disposed below the surface 12 of the body
of water 11.

[60] In the illustrated embodiments, the tether attachment 104 is a pad eye to
which the tether 60 (e.g., a string, rope, or fishing line) attaches by a knot, a hook, a
carabiner, or any other suitable attachment method — although other tether connection
features are also contemplated.

[61] FIGs. 2B and 2C illustrate additional example castable device 20

configurations that are described in greater detail herein.
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Example Power Systems

[62] FIG. 3 illustrates a block diagram of an example castable device (e.g., the
castable device 20), showing example power systems. The castable device 20 of FIG.
1 includes a battery 302 that powers various components further discussed herein. In
an embodiment, the housing 102 includes a port 312 for receiving a plug that provides
electricity for charging the battery from an outlet. In some embodiments, the battery
couples with a power (e.g., energy) harvester 304 for charging the battery. In some
such embodiments, the power harvester 304 is a panel of one or more photovoltaic
cells (i.e., a solar panel). In further embodiments, the power harvester 304 is a wind
turbine.

[63] In another example embodiment, the power harvester 304 is water flow-
powered harvester (e.g. a generator coupled with a water turbine that is disposed
below the surface of the water or a paddle wheel that is partially disposed below the
water’s surface). The water flow-powered energy harvesters are driven as the
castable device 20 moves across the surface of the water or as the castable device 1s
held in place as water flows thereby. Accordingly, the water flow-powered energy
harvesters may be particularly desirable for embodiments used when the castable
device 20 is deployed and being pulled behind the marine vessel 10 during trolling,
when pulling the castable device 20 to or from a fishing location, or when the castable
device 20 is held in a fixed location of a moving body of water (e.g., a stream). In
embodiments having water flow-powered energy harvesters, the tether attachment 104
is disposed with respect to the body and the energy harvester in order to properly
orient the energy harvester with respect to the relative direction of water flow. For
example, as shown in FIG. 2B, tether attachment 104 is on the castable device’s front
end, and the turbine energy harvester is disposed at a rear end so that water travels
past the turbine perpendicular to its axis of rotation.

[64] In yet another embodiment, the harvester 304 is a kinetic energy harvester
that produces energy as the castable device moves over waves or as it bobs in the
water. It is known that such kinetic energy harvesters may employ piezoelectric
devices to produce electrical energy. In still yet further embodiments, the castable
device 20 includes a plurality of energy harvesters 304. While the energy harvesting
device is shown as integral to the castable device’s body, in further embodiments, it

may be a separate component that couples with the castable device (e.g., through plug
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receptacle 312). For example, energy harvester may be embodied as a solar panel that
is aesthetically designed to resemble a lily pad.

[65] In some embodiments, the castable device 20 may include an indicator
108. The indicator 108 may include, for example, a speaker for providing an audible
alarm and/or a light emitting diode (LED) for providing a visual alarm. The castable
device 20 includes a processor 121 (FIG. 6) that may detect/determine when the
battery 302 has a low amount of stored energy. For example, the processor 121
detects when the voltage across the battery drops below a low battery threshold.
When this condition occurs, the processor 121 may cause the indicator 108 to provide
an alarm indicating that the battery is low. This may include a distinct alarm
sequence that corresponds only to the low battery, such as, for example, a repeated
sequence of three short LED flashes followed by a pause. Additionally or
alternatively, the processor 121 may perform other alert functionality, such as sending
a message to a remote computing device (e.g., the marine electronic device)
indicating that there is a low battery. In such an example embodiment, the marine
electronic device (or other remote device) may display, or otherwise indicate) an alert
to a user.

[66] In some embodiments, the castable device 20 may include a motor for

propelling the device and/or generating electricity to power its systems.

Example Sonar Systems

[67] Referring to FIGs. 2A and 2B, sonar (SOund Navigation And Ranging)
refers to various techniques for propagating sound underwater to detect objects on or
under a surface of a body of water, such as fish, plants, rocks, sea floor, etc. Sonar
beams, from a transducer assembly of a sonar system 136, can be transmitted into the
underwater environment. The sonar signals reflect off objects in the underwater
environment (e.g., fish, structure, sea floor bottom, etc.) and return to the transducer
assembly, which converts the sonar returns into sonar data that can be used to produce
an image of the underwater environment.

[68] During operation, the sonar system 136 incorporated within the housing
102 may be one or more sonar transducer assemblies 106 that are configured for
imaging various environmental features (e.g., fish, plants, rocks, etc.) in the body cf

water 11. This imaging may include mapping an underwater environment below the
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surface 104 of the body of water 11 between the surface 12 and a bottom or floor 13
(FIG. 9) of the body of water 11.

[69] Example transducer assemblies may include one or more transducers or
transducer elements positioned within the housing. Each transducer may be
configured as transmit/receive, transmit-only, or receive-only with respect to
transmitting one or more sonar beams and receiving sonar returns. In some
embodiments, each of the transducer elements may be positioned within the housing
so as to point toward a predetermined area under, to the side, or the front of the
castable device.

[70] The shape of a transducer element may largely determine the type of beam
that is formed when that transducer element transmits a sonar pulse (e.g., a circular
transducer element emits a cone-shaped beam, a linear transducer emits a fan-shaped
beam, etc.). Embodiments of the present invention are not limited to any particular
shape transducer (or any configuration — as it may include arrays, phased arrays, etc.).
Likewise, transducer elements may comprise different types of materials that cause
different sonar pulse properties upon transmission. For example, the type of material
may determine the strength of the sonar pulse. Additionally, the type of material may
affect the sonar returns received by the transducer element. As such, embodiments of
the present invention are not meant to limit the shape or material of the transducer
elements. Further, transducers may be configured to transmit and/or receive at
different frequencies. In this regard, embodiments of the present invention are not
meant to be limited to certain frequencies.

[71] Additionally, in some embodiments, the transducer assembly (or sonar
system 136) may have a sonar signal processor and/or other components positioned
within the housing. For example, one or more sonar transceivers (e.g., sonar
transmitter/receiver), sonar transmitters, and/or sonar receivers may be positioned
within the housing and configured to cause the one or more transducers to transmit
sonar beams and/or receive sonar returns from the one or more transducers. In some
embodiments, the sonar signal processor, sonar transceiver, sonar transmitter, and/or
sonar receiver may be positioned in a separate housing.

[72] FIGs. 2A and 2B illustrate the sonar system 136 embodied as one or more
transducer arrays 106. Referring to FIGs. 2A and 2B, one or more sonar beams 110
may be generated by multiple sonar transducer arrays of the transducer assembly that
are incorporated within the housing 102 of the castable device 20 when deployed in
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the body of water 11. Each of the transducer arrays may include one or more
transducer elements. One example transducer array may be a forward scanning sonar
transducer array 106B that are built-in to the housing 102. In some instances, the
transducer assembly may include one or more of a right forward scanning element, a
left forward scanning element, a conical sonar element, and/or a bar downscan sonar
element 106A, which may be housed inside the housing 102.

[73] In some example embodiments the transducer assembly may include a
phased transducer array, e.g. a "phased array," which may be housed inside housing
102. The phased array allows beamforming of the sonar signal such that the sonar
beam may be steered in different directions in order to scan the underwater
environment. The beamforming may be performed on the transmitted beam or the
received beam or both. Adaptive beam-forming may be used to increase the effective
resolution of the steered beams and to reduce sidelobes. The beamforming can also
be carried out using frequency steered sonar techniques. The phased array may
include a plurality of transducer elements arranged on a PCB. The PCB may
mechanically support and electrically connect the electronic components, including
the transducer elements using conductive tracks (e.g. traces), pads, and other features.
In some embodiments, the conductive tracks may comprise traces etched onto the
circuit board. The conductive tracks may comprise sets of traces, for example, each
transducer element may be mounted to the PCB such that the transducer element is in
electrical communication with a set of traces. For example, the terminals of a
transducer element may be soldered or otherwise electrically connected and
mechanically secured to one or more pads of a PCB wherein each pad is in electrical
communication with a trace etched onto the circuit board. For example, each
transducer element may comprise one or more silver-plated terminals or other
conductive material-plated terminals. Thus, each transducer element may be in
electrical communication with a set of traces comprising the PCB (e.g., via the
transducer element terminals). Each transducer element, sub-array, and/or the array
of transducer elements may be configured to transmit one or more sonar pulses and/or
receive one or more sonar returns. Example arrangements of various phased array
sonar transducer assemblies are discussed further with reference to FIGs. 2D and 2E.
[74] The transducer arrays or individual transducer elements of the phased
array may transmit one or more sonar beams into a body of water with a transmit
transducer, a transmit/receive transducer, or similar device. When the sound waves
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strike anything of differing acoustic impedance (e.g., the sea floor or something
suspended in the water above the bottom), the sound waves reflect off that object.
These echoes or sonar returns may strike a sonar transducer or a separate sonar
receiver element, which converts the echoes back into an electrical signal which is
processed by a processor (e.g., sonar signal processor 121 as discussed with reference
to FIG. 6) and sent to a display (e.g., an LCD) mounted in the cabin or other
convenient location in the boat. This process is often called "sounding." Since the
speed of sound in water may be determined by the properties of the water
(approximately 4800 feet per second in fresh water), the time lapse between the
transmitted signal and the received echoes can be measured and the distance to the
objects determined. This process may repeat itself many times per second. The
results of many soundings are used to build a picture on the display of the underwater
environment. In some embodiments, a more complex array may be used to generate a
picture in a single sounding.

[75] In an example embodiment, the transducer assembly may include multiple
transducer arrays and/or transducer elements cooperating to receive sonar returns
from the underwater environment. The transducer arrays and or transducer elements
may be arranged in a predetermined configuration, e.g. relative positions, including
known distances between each transducer array or transducer element. The relative
positions and known distances between the transducer array or transducer element
may be used to resolve an angle associated with the sonar returns (and, for example, a
corresponding object in the underwater environment). The respective angles
determined by the relative positions and known distances of the transducer arrays or
transducer elements may be compared and combined to generate a three-dimensional
position of the sonar returns (and, for example, a corresponding object in the
underwater environment).

[76] In some example embodiments, the returns from a plurality of the
transducer arrays and/or transducer elements may be compared via the process of
interferometry to generate one or more angle values. Interferometry may involve
determining the angle to a given sonar return via a phase difference between the
returns received at two or more transducer arrays and/or transducer elements. In some
embodiments, the process of beamforming may be used in conjunction with the
plurality of transducer arrays and/or transducer elements to generate one or more
angle values associated with each sonar return. Beamforming may involve generating
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a plurality of receive-beams at predetermined angles by spatially defining the beams
based on the relative phasing of the sonar returns and detecting the distance of the
sonar returns in each respective beam. Beamforming and interferometry are further
described in U.S. Patent Application No. 14/717,458, entitled "Sonar Systems using
Interferometry and/or Beamforming for 3D Imaging", published as U.S. Publication
No. 2016/0341827, and U.S. Patent Application 14/683,573, entitled “Systems and
Associated Methods for Producing a 3D Sonar Image", issued as U.S. Patent No.
9,739,884, both of which are assigned to the Assignee of the present application and
are hereby incorporated by reference herein in their entireties for all purposes.

[77] In some implementations, the transducer arrays and/or transducer elements
of the transducer assembly are each capable of generating a separate sonar beam 110.
The sonar beams 110 may include, for example, one or more of a conical beam
projection or a linear beam projection (though other beam shapes are contemplated).
For instance, the sonar beams 110 may include a conical downscan beam projection
having a coverage area of a beam produced by a circular downscan transducer. In
another instance, the sonar beams 110 may include a linear downscan beam projection
having a coverage area of a beam produced by a linear downscan transducer.

[78] FIGs. 2D and 2E illustrate examples of transducer arrays, particularly,
phased arrays 310, 310' comprising transducer elements 310A mounted to a PCB 31,
31'. In various embodiments, each of the transducer elements 310A may be
substantially rectangular in shape and made from a piezoelectric material such as a
piezoelectric ceramic material. While depicted and described embodiments generally
detail a substantially rectangular-shaped element that is made of piezoelectric
material, other shapes and types of material are equally applicable to example
embodiments of the piezoelectric material 310A. In various embodiments, the
processor 121 (FIG. 6) may be in communication with the PCB having the transducer
elements 310A mounted thereto by means of connectors such as card edge connectors
and/or the like.

[79] In some example embodiments, the phased array 310 may include a
plurality of sub-arrays. Each sub-array may include a portion of the transducer
clements 310A of the phased array. The transducer elements 310A of the sub-array
may be configured in a particular pattern, and the transducer element pattern may

repeat two or more times across the transducer array 310.
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[80] In various embodiments, the PCB 31, 31' may have a fiberglass or other
rigid substrate. In other embodiments, the PCB 31, 31' may be a flexible PCB. For
example, the PCB substrate may be made of polyester (PET), polyimide (PI),
polyethylene napthalate (PEN), Polyetherimide (PEI), or various fluoropolymers
(FEP) and copolymers Polyimide films.

[81] Each transducer element 310A, sub-array, and/or the array of transducer
elements, e.g. the phased array 310, 310" may be configured to transmit one or more
sonar pulses and/or receive one or more sonar returns. Both transmitting a sonar
pulse and receiving a sonar return requires the transducer element 310A to be able to
vibrate at least enough to convert one or more electrical pulses into a sonar pulse or to
convert a sonar return into an electrical signal. In various embodiments, the
vibrations of one or more transducer elements 310A may cause the PCB 31 to which
the one or more transducer elements 310A are mounted to vibrate. The vibration of
the PCB 31, and possible subsequent vibration of other transducer elements 310A
mounted to the PCB 31 may need to be taken into account in the determining of a
pulse transmitted by the phased array 310, 310’ or in the processing of a sonar return
received by the phased array 310, 310’. For example, the transducer elements 310A
mounted to the PCB 31, 31’ may be configured such that a signal may be received
from each transducer element 310A or sub-array individually. In addition to
differentiating the sonar returns and/or transmission, individual wiring may enable use
of processing techniques that are helpful in determining the location (e.g., polar angle
coordinate) of an object/surface causing the sonar return, as discussed in U.S. Patent
Application 14/702,121, entitled "Transducer Having Surface Mounted Elements and
Associated Methods", published as U.S. Publication No. 2016/0320474, which is
assigned to the Assignee of the present invention and hereby incorporated by
reference herein in its entirety for all purposes.

[82] In various embodiments, each transducer element 310A may be
approximately one mm by one mm. In various embodiments, each transducer element
310A may be approximately 0.4 by 0.2 mm to 100 mm by 150 mm. In some
embodiments, each transducer element 310A is approximately 0.5 mm in height. In
various embodiments, each transducer element 310A is approximately 0.2 mm to 1
mm. In various embodiments the spacing between transducer elements 310A may be
0.25 mm or less. In other embodiments, the spacing between the transducer elements
310A may be greater than 0.25 mm. In various embodiments, smaller or larger
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transducer elements 310A may be used, as appropriate for the application. In some
embodiments, the width of each transducer element 310A is ' the transmitted sonar
wave’s wavelength.

[83] In various embodiments, the phased array 310, 310' may have any shape.
In some embodiments, the phased array 310, 310' may have a shape that would be
difficult to fabricate using a single transducer element 310A. For example, the phased
array 310, 310' may comprise a diamond-shaped array or two or more diamond-
shaped sub-arrays, an oblong array having tapered ends, and/or the like. The phased
array 310, 310" may comprise variously shaped arrays and/or sub-arrays of transducer
elements 310A, as applicable for the application.

[84] In one embodiment, the phased array 310, 310" may comprise a line of two
or more parallel lines of transducer elements 310A. The beam shape and/or beam
characteristics of the phased array 310, 310" may be configured to approximate the
beam shape and/or beam characteristics of a single ceramic element. For example,
the transducer array may be configured to approximate the beam shape and/or
characteristics of a single linear downscan transducer element, as described in U.S.
Patent Application No. 13/370,633, entitled "Sonar System for Reduced Interference”,
issued as U.S. Patent No. 9,268,020, which is assigned to the Assignee of the present
application and hereby incorporated by reference herein in its entirety for all
purposes. Though the above description provides an example of replacing a linear or
rectangular transducer elements, other element shapes are contemplated (e.g., a
conical transducer element, a square transducer element, etc.). U.S. Patent
Application No. 15/214,968, entitled “Trolling Motor with a Transducer Array”,
published as U.S. Publication No. 2016/0325814, which is assigned to the Assignee
of the present application and is hereby incorporated by reference in its entirety for all
purposes, teaches various embodiments of phased transducer arrays and associated
aspects that are applicable to the castable devices as disclosed herein.

[85] In some embodiments, the castable device 20 employs a phased array
transducer configured as in FIG. 2D, in which all transducer elements are arranged in
a line. Using a single phased array having such a configuration produces a 2-
dimensional swath, such as shown in FIG. 2F. That is, the array detects sonar data in
a swept area in a plane extending vertically downward from the transducer (if the
elements 310A are oriented downwardly) and including the line in which the

transducer elements lie. In some embodiments, the swept angle of the sonar data is
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+/- 55° from a vertical axis. Although the array receives sonar data across a small
thickness perpendicular to said plane, the array does not receive data that corresponds
to where along the thickness objects reflecting sonar signals are located. Accordingly,
although the phased array is detecting objects within a volume, its data is said to be 2-
dimensional.

[86] In some embodiments, since such configurations collect data in a 2-
dimensional swath, in order to capture data for rendering 3-dimensional images, the
transducer array may move (e.g., rotate in the water about a vertical axis) to collect a
third dimension. By rotating 180 degrees while collecting a plurality of 2-
dimensional swaths, the collected 2-dimensional swaths can be stitched together to
create a collection of sonar data that corresponds with objects in a conical volume.
Accordingly, in some embodiments, the castable device 20 (FIG. 1) may include a
motor that rotates the transducer array with respect to the body. Alternatively, the
castable device’s propulsion system 125 (FIG. 2C) may cause the castable device and,
therefore, the transducer array to rotate in the water about a vertical axis. In further
embodiments, the castable device 20 may move across the water and collect 2-
dimensional swaths that are stitched together to create 3-dimensional sonar data
corresponding with a non-conical volume.

[87] In some embodiments, the transducers may form one or more frequency-
steered sonar arrays. A frequency steered array generates a beam for which its
direction is dependent on the frequency of the beam. One advantage is that, in some
embodiments, only one transducer may act as both a transmitter and a receiver in
order to generate beams in many different directions. In a conventional phased array,
the transducer and receivers must be different elements. The scanned beam swath is
proportional to the frequency bandwidth. Accordingly, a relatively large beam swath
requires a correspondingly large frequency bandwidth. A plurality (e.g., 2) of arrays
may be adjacent and angularly offset to provide a field of view (e.g., swath angle) that
is greater than that of a single array. Embodiments of phased array transducers
implemented for 2D and 3D imaging are described in U.S. Patent Application No.
12/030,043, entitled "Systems and Methods Implementing Frequency-Steered
Acoustic Arrays for 2D and 3D Imaging", issued as U.S. Patent No. 7,606,114, which

is hereby incorporated by reference herein in its entirety for all purposes.
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[88] Referring also to FIG. 2G, in some embodiments, the castable device 20
may include a first phased array transducer 330 arranged perpendicularly to a second
phased array transducer 332. Both first and second transducers 330, 332 may be
configured like the phased array transducer 310 of FIG. 2D. The first transducer 330
acts as a transmitter to project sonar signals, and the second transducer acts as a
hydrophone to receive sonar signals. Such a configuration is called a “Mills Cross”
and can be used to collect small areas 334 of data along an ensonified strip 336. By
steering projections from the first transducer array 330, multiple areas along the
ensonified strip (e.g., areas 334’ and 334”) may be scanned.

[89] In some embodiments, the castable device 20 may employ a split beam
transducer. Referring to FIGs. 2E and 2H, the split beam transducer may enable the
castable to determine a fish’s location without moving the transducer array. In the
illustrated embodiment, the transducer includes four transducer elements 310Ai-
310Aiv arranged in a 2x2 grid. For example, the collected data from the four-element
split beam transducer may be used to determine the fish’s distance from the
transducer (r), azimuth (0), and angle from vertical axis (¢). Such a four-element
split-beam transducer allows the transducers to collect enough data to detect an exact
location of a fish F1 with respect to the castable device. A single four-element split-
beam transducer having four transducer elements is capable of detecting the location
of a single fish. A castable device having a plurality (e.g., 4) of four-element split-
beam transducers pointing in various directions may be able to collect data to
determine locations of fish in their respective scan areas. Each transducer may further
be capable of estimating each fish’s size based on the amplitude of the echo returning
from the fish.

[90] In some embodiments, all four transducer elements 310Ai-310Aiv transmit
signals at the same time to produce a cone of sound. In various other embodiments,
only one of the four element transmits, which allows for creating a wider beam than
when all four elements transmit. In yet further embodiments, all four elements
310Ai1-310Aiv do not transmit; another separate transducer (e.g., a wide beam sonar
transmitter) or plurality of transducers on the castable device transmits sonar signals,
and all four elements 310Ai-310Aiv are configured only to receive sonar signals. In
other embodiments, a split beam transducer comprises only three elements that may
be used to triangulate the fish location. In such a regard, various embodiments may

utilize any number of elements for the split beam transducer.
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[91] In some embodiments, the castable device 20 may be configured to
communicate with and/or be controlled/operated by the marine electronic device 40.
In such embodiments, the castable device 20 may be configured to operate the sonar
system 136 according to instructions provided by the marine electronic device 40
(such as through a control signal). Likewise, in some embodiments, the castable
device 20 may be configured to provide the gathered sonar data to the marine
electronic device 40. In some embodiments, the gathered sonar data could be
provided through a direct transmission to the marine electronic device 40, through an
external network, or via upload after return of the castable device 20. In some
embodiments, the castable device 20 may be configured to connect to an external
network directly. In such embodiments, the sonar data may be sent to an external
device or server for storage and/or use (such as in sonar mapping of the body of
water). In some embodiments, the sonar data may be stored in a buffer until internet
connectivity is reached for transmission (such as to the marine electronic device 4(
and/or external network).

[92] Depending on the configuration of the sonar system 136 of the castable
device 20 and/or the marine electronic device 40, processing of the sonar returns may
occur at either or both of the castable device 20 or the marine electronic device 40. In
this regard, in some embodiments, the castable device 20 may be configured to
merely collect sonar returns and provide sonar return data to the marine electronic
device 40 for processing. Additionally or alternatively, the castable device 20 may be
configured to process the sonar return data and generate sonar image data that can be
provided to the marine electronic device 40. Along these lines, in some embodiments,
the castable device 20 may be configured to detect the presence of a fish or other
object from the sonar returns and remotely provide a signal to the marine electronic
device 40. Such a signal may indicate that the captured sonar data may include
something of interest. In some embodiments, the castable device 20 may also be
configured to return to the marine electronic device 40 and/or marine vessel so that
the sonar data containing the possible object of interest can be uploaded and/or
viewed.

[93] In some embodiments, the marine electronic device 40 may be configured
to display the sonar data to a user, such as on a screen. Notably, display on the screen
of the marine electronic device 40 may be desirable to provide a large screen and/or

convenient viewing area (e.g., the command center of the boat, where the user is
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fishing, etc.). Further, use of such screens may be desirable as they are often high-
bright screens that are designed for easy viewing in sunlight (since the screens are
often exposed on the marine vessel).

[94] Additionally, in some embodiments, the castable device 20 may be
configured to determine location data associated with the gathered sonar data.
Further, in some embodiments, the castable device 20 may be configured to transmit
the location data to the marine electronic device 40, such as for determination of the
location of the castable device at the time of gathering the sonar data (though the
location may also or in the alternative be determined at the marine electronic device).
[95] In some embodiments, the location of the castable device 20 may be
associated with the gathered sonar data for correlation and/or storage. Such
association may occur at the castable device 20 and/or at the marine electronic device
40. In this regard, in some embodiments, the marine electronic device 40 may cause
display of an image of the sonar data in association with the location of the castable
device to give context to the sonar data to the user.

[96] FIG. 4A shows an example marine electronic device 40 that depicts a split-
screen view 400 of a sonar image 462 on the left portion of the screen and a chart 402
on the right portion of the screen. The sonar image 462 is produced from sonar data
from the castable device 20 and shows sonar imagery taken from a transducer
assembly with sidescan transducers. In particular, the sidescan sonar image view
shows the sonar view from the left and right of the transducer assembly of the sonar
system as time passes (building up from top down like a waterfall). The chart 402
shows the location of castable device 420 (indicated as a "C'", such as for Castable
Device 1) on the body of water 405. The chart 402 also shows the location of the
marine vessel 410 associated with the marine electronic device 40, thereby giving the
viewer an indication of the relative position of the castable device 20.

[97] Additionally, in some embodiments, such as the depicted embodiment, the
marine electronic device 40 may display an indication of the area of coverage 461 of
the sonar system (e.g., the extent to which the sonar beams from the sonar system
provide coverage of the underwater environment). Such an indication would provide
the user with an idea of the orientation and/or coverage area of the sonar system and
the captured sonar data. In such embodiments, the castable device 20 may be
configured to determine orientation data corresponding to the orientation of the

castable device 20 and/or the sonar system 136 (as the sonar system 136 may be

22
CA 3060987 2019-11-06



configured to be directed with respect to the castable device 20). Such orientation
data may be provided to the marine electronic device 40 for use (such as for display,
association with the sonar data, etc.). In this regard, a user can easily determine the
relative location and orientation of the sonar data with respect to the marine vessel
and/or body of water (even in the circumstance when the castable device is otherwise
not visible to the user directly).

[98] In some embodiments, the castable device 20 (such as by utilizing the
sonar system 136 and displaying the resulting image on the marine electronic device
40) may be used to scout the underwater environment, such as for depth
determinations, possible fishing locations, among many other reasons. In some
embodiments, the castable device 20 may be instructed to perform search or survey
patterns or travel in relation to the marine vessel — such as to aid a fisherman in
finding good fishing locations, etc. For example, in some embodiments, the castable
device 20 may be configured to scout ahead of the marine vessel to confirm or check
terrain (e.g., depth) in front of the marine vessel. In this regard, travel and operation
of the sonar system 136 of the castable device 20 may be autonomous, such as
through control by the marine electronic device 40 (which can be based on a marine
vessel, on shore, at a station, etc. — thereby enabling control of the castable device 20
in the marine environment from anywhere).

[99] In some embodiments, the marine electronic device 40 may be configured
to scout or survey an area using multiple castable devices 20. In such an embodiment,
the marine electronic device 40 may track each castable device 20 and/or pre-map rhe
survey patterns to control the castable devices 20 for efficient surveying. In this
regard, the marine electronic device 40 may act as a "hive mind" to control and/or
manage the "swarm" of castable devices 20 to efficiently perform tasks (such as tasks
described herein, including capturing sonar data for a body of water, among any other
tasks or operations described herein).

[100] In some embodiments, the marine electronic device 40 may be configured
to overlay the sonar data on the chart at the corresponding location and in the
corresponding orientation as the sonar data was received. For example, the marine
electronic device 40 may receive the sonar data, the orientation data of the sonar data,
and the location data associated with the sonar data. Based on this information, the
marine electronic device 40 may be configured to orient the sonar data and overlay it

on a chart at the proper associated location for which it was gathered.
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[101] In some embodiments, only a portion of the sonar data may be overlaid on
the chart. In this regard, depending on the configuration and/or desires of the user, the
marine electronic device 40 may be configured to remove a portion of the sonar data
prior to overlaying it on the chart. For example, the marine electronic device 40 may
remove the water column of the sonar image data prior to overlaying on the chart such
that the overlaid image on the chart includes bottom features (which gives the user an
impression of the bottom). Such embodiments that utilize overlaying sonar data on a
chart may be useful for surveying a body of water. Even more, multiple castable
devices could be used to efficiently survey the body of water, and could be operated
in conjunction via the marine electronic device 40.

[102] FIG. 4B shows an example screen 45 of a marine electronic device 40
showing the sonar image 462 on the left portion and a chart 402 on the right portion.
Prior sonar data has been overlaid 463 on the chart 402 at the appropriate location and
in the appropriate orientation. In the depicted embodiment, the sonar data is overlaid
as the castable device 420 travels along the body of water 405.

[103] With reference to FIG. 4B, the sonar image 462 is an image from a
transducer assembly with sidescan (left and right) transducers. In this regard, the
image includes a centerline 466 that indicates the center of the transducer assembly
and image data extending out to the left and right of the centerline 466. The sonar
data extending outwardly from the centerline 466 correlates to the distance from
which the sonar return is received by the transducer assembly (e.g., the distance from
the centerline). As such, there is a water column 469 that includes fish and other
objects. Additionally, there is a portion 467 of the screen indicating sonar returns that
have returned from the floor of the body of water. Notably, the image 462 shows a
possible relatively distinct floor. In some embodiments, the marine electronic device
40 and/or castable device 20 may be configured to remove the water column 469 up
to that floor. The resulting image could be used for the overlay image on the chart
such that only the topography of the floor is shown overlaid onto the chart.

[104] As noted herein, the castable device 20 may be in many different
configurations, such that embodiments of the present invention contemplate many
different ways to operate a sonar system 136 of a castable device 20. In some
embodiments, the castable device 20 may be configured for surface travel or

submersible travel such that the sonar system 136 may be positioned and/or oriented

24
CA 3060987 2019-11-06



on the castable device 20 in a manner in which it is at least partially submerged for
operation.

[105] As noted herein, the castable device 20 may be in many different
configurations, such that embodiments of the present invention contemplate many
different ways to operate a sonar system 136 of a castable device 20. In some
embodiments, the castable device 20 may be configured for surface travel or
submersible travel such that the sonar system 136 may be positioned and/or oriented
on the castable device 20 in a manner in which it is at least partially submerged for
operation.

[106] U.S. Patent Application No. 14/718,678, entitled “Wireless Sonar Device”,
published as U.S. Publication No. 2016/0341828, and U.S. Patent Application No.
14/806,635, entitled “Wireless Sonar Device”, published as U.S. Publication No.
2017/0023676, which are assigned to the Assignee of the present application and are
herein incorporated by reference in its entirety for all purposes, disclose embodiments
of castable sonar devices, elements of which may be incorporated into the castable

device of the present disclosure.

Example Other Sensor Systems

[107] In various embodiments, the castable device comprises various other
sensors/systems 139 (FIG. 6), which may include one or more motion sensors, one or
more thermocouples, a laser detector, or various other sensors described herein.

[108] Referring to FIG. 5, the castable device may include one or more motion
sensors 224 (e.g., accelerometers) that detect when a fish has been hooked. The
motion sensors may, in some embodiments, be accelerometers. In an embodiment, a
fishing line attaches to castable device 20 at a first end and attaches at a second end to
a hook having bait thereon. Once a fish gets hooked and tries to swim away, the fish
pulls on the line, thereby causing the castable device 20 to move in the water (e.g.,
pivotally, laterally, or vertically). The one or more motion sensor devices detect the
motion of the castable device. For example, an accelerometer coupled with processor
121 detects when the acceleration surpasses a threshold. When the acceleration
surpasses the threshold, the processor 121 may be configured to activate indicator
108. Indicator 108 may provide a distinct signal to indicate that a fish is hooked. In
another embodiment, the castable device transmits a signal indicating that a fish is

hooked to the marine electronic device 40 so that the marine electronic device can
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display the status to a user. The motion sensors may similarly detect when the hook is
caught on an undesirable object (e.g., snagged on a piece of wood below the water’s
surface) by detecting a change in the castable device’s movement, such as, for
example, a change in periodic bobbing over waves.

[109] In some example embodiments, the castable device computes its distance
from the marine vessel in order to determine a length of cast. In some cases, the
distance may be determined via dead reckoning. For example, the castable device 20
transmits a signal from its communication interface 123, described below with
reference to FIG. 6. The signal’s strength decreases at a known rate that is inversely
proportional with respect to the distance from the source. Therefore, by determining
the signal’s strength received at the marine vessel, the castable device’s distance from
the marine vessel can be determined. That is, processor 121 computes the distance
between the respective objects based on the known transmission strength and the
received signal strength. In another embodiment, the distance may be determined
using a similar technique, wherein the transmitting and receiving components are
switched. That is, the marine device transmits the signal, and the castable device
receives the signal.

[110] In some embodiments, the signal propagation is non-uniform in all
directions. Rather, the signal transmission strength varies based on the castable
device’s orientation with respect to the receiving device. In some of such
embodiments, the system (e.g., system 100 of FIG. 6) takes account of a directional
component of the signal’s transmission amplitude. For example, the processor 121
uses respective approximate positional data using GPS coordinates of the marine
vessel and the castable device, orientation of the castable device from a magnetic
compass, accelerometers that detect castable device’s orientation with respect to a
vertical axis, and a known orientation of the castable device’s communication
interface on the castable device’s body. Relative strength of transmission in various
directions from the castable device’s antenna may be determined experimentally.
[111] In some embodiments, the motion sensor detects vertical motion in order
to perform heave compensation. For example, using accelerometers and a known
original vertical position (e.g. using an initial vertical position of the castable device
when it is first deployed), the castable device can calculate its change in vertical
position as it floats over waves. This allows the castable device to automatically
perform heave compensation as waves cause the respective vertical positions of the
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marine vessel and the castable device to vary. The castable device may, therefore,
transmit to the marine electronic device both data from a sonar reading and a relative
height change with respect to a baseline. In this way, for example, as multiple sonar
scans are performed and transmitted to the marine electronic device 40, the multiple
sonar scans may be stitched together to provide accurate topography of the seafloor.
[112] In some embodiments, the castable device 20 may be used to search
underwater for lost tackle and lures. The castable device may further mark where the
lost tackle and lures are located in order to indicate a likely snag area. For example,
the castable device transmits location data corresponding to the likely snag area along
with an indication that there is a likely snag area to the marine electronic device. In
some embodiments, the marine electronic device can communicate that information to
the user, such as displaying the likely snag area on a chart. The castable sonar device
may further include means for retrieving the lost tackle and lures, such as, for
example, a robotic arm, a scoop, a hook, or claw and may further include a cutting
device (e.g., scissors or knife) for cutting through fishing line and debris. In some
embodiments, the castable device may be able to inspect a trot line to determine if fish
are hooked thereon as well as report the location and depth. The castable device may,
for example, have a camera and transmit the camera footage to the marine electronic
device 40 so that a user can view the footage and determine if fish are hooked on the
trot line.

[113] Referring to FIG. 2C, the castable device 20 may include one or more
thermocouples 182 to measure water temperature. In one embodiment, the
thermocouple is integral to the body 102 of the castable device. The thermocouple
data may be used to generate a temperature map of the water surface as the castable
device travels along the surface of the water, either as the marine vessel tows it or as it
propels itself around using a propulsion mechanism as further described herein. In
another embodiment, the castable device 20 deploys a temperature probe 180 that
measures water temperature below the water surface. The deployable temperature
probe may be, for example, attached to a cable 184 having a weight 186 at a first end
and a second end that attaches to the castable device. In some embodiments, the
temperature probe is lowerable via an electronic winch 188. The deployable
temperature probe may be lowered to a known depth. In some embodiments, the
depth may be determined as the length of the cable when the cable is fully deployed,
although said depth determination may be an approximation due to movement (e.g.,
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pitching and rolling) of the castable device causing error in this approximation. In
some embodiments, one or more accelerometers may be used to compensate for said
movement in order to more accurately determine the depth of the temperature probe.
In other embodiments, the cable is lowered from a spool of a known diameter so that
each revolution lowers the probe by a known distance. In this way, the temperature
probe’s thermocouple depth may be determined. The temperature at various depths
and in various locations may be used to generate a map of the water temperature. In
some embodiments, utilizing depth and position, a 3D temperature map can be
formed.

[114] Referring to FIG. 6, in some embodiments, castable device 20 can use a
camera or sonar data to determine a type of fish. The castable device may use an
algorithm that incorporates camera and/or sonar data, for example, fish size (e.g., as
represented by clustered sonar returns), appearance, color, and swimming style/speed
to determine the type of fish. The type of fish may then be displayed on the marine
electronic device 40 (e.g., as a FISH ID Icon). For example, different types of fish
(e.g., bass, trout, baitfish, and catfish) may be represented on the marine electronic
device in different colors or with different fish icons. In some embodiments, the
castable device 20 may also read an electronic tag attached to a previously caught fish
and transmit the tag’s information to a marine electronic device. The castable device
may further use camera and/or sonar data to identify other species, such as nuisance
animals (e.g., snakes, turtles, sharks, alligators, and dangerous fish). Additionally, the
castable device may identify other marine features, such as swimming areas, for
example by capturing images of signs indicating that swimming is allowed, or by
determining an absence of dangerous fish and/or an absence of debris that could
injure a swimmer.

[115] U.S. Patent Application No. 16/007,058, entitled “Wireless Sensor
Device”, which are assigned to the Assignee of the present application and is herein
incorporated by reference in its entirety for all purposes, discloses embodiments of
castable sensor devices, elements of which may be incorporated into the castable

device of the present disclosure.
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Example Transceiver Operations

[116] In some embodiment, the castable device 20 communicates via a high gain
Wi-Fi antenna. For example, in some embodiments, the communication interface 113
(FIG. 6) of the marine electronic device 40 includes the high gain Wi-Fi antenna. By
using a high gain Wi-Fi antenna, the marine electronic device may transmit a greater
distance than other, lower gain antennas.

[117] As described herein with respect to measuring cast distance, some
embodiments of the castable device 20 measure signal strength to determine distance
from a transmitting device. For example, the system may be able to determine the
distance between the marine vessel 10 and the castable device 20 by using a known
signal transmission strength from the marine vessel, a measured signal at the castable
device, and a known function of signal strength with respect to distance to calculate
the distance from the respective objects. In a further embodiment, a first castable
device 20 transmits a signal at a known transmission signal strength, and the marine
vessel or a second castable device 20 receiving the signal measures the received
signal strength. A computing device (e.g., the multi functioning device 50) uses the
known signal strength function and difference between the transmitted signal strength
and the received signal strength to calculate the distance between the transmitting

castable device and the receiving marine vessel or castable device.

Example Indicator/Light Systems
[118] Referring to FIG. 2A, and as further described herein, in some

embodiments, the castable device 20 includes one or more indicators 108, such as, for
example, one or more LEDs and a speaker. The speakers and LEDs may
communicate various information. For example, the LEDs may be configured to emit
a certain color depending on the type of information it is communicating (e.g.,
shallow water, one or more fish are present, low battery, etc.). Additionally, the
LEDs may blink at various frequencies or intermittent spacing (e.g., Morse code) to
communicate information to a viewer. Similarly, the speaker may emit various tones,
make intermittent tones (i.e. “beep”) at certain frequencies, or play sound recordings.
In further embodiments, indicator 108 is an LCD screen.

[119] In some embodiments, the castable device 20 uses sonar to detect the
presence of one or more fish. The indicator 108 may provide an indication that one or
more fish are detected. For example, in some embodiments, indicator 108 is an LED
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that blinks when a fish is detected. The indicator may employ indicator 108 to
communicate various information. For example, in some embodiments, the castable
device 20 detects a plurality of fish and provides an indication that more than one fish
is present, (e.g., the indicator LED blinks faster when more fish are present). In yet
another embodiment, the indicator 108 varies depending on the proximity of the fish.
For example, the indicator LED blinks faster when the fish get closer to the castable
device.

[120] As disclosed herein, the castable device 20 may employ one or more
sensors (e.g., accelerometers) to detect when a fish gets hooked on a fishing line that
is attached to the castable device. In some embodiments, the indicator 108 provides a
notification that the sensors detect that a fish is on the line.

[121] In some embodiments, the indicators 108 can assist a user in finding the
castable device, such as may occur if a user utilizes a castable device in an anchor
mode or if a tether breaks. For example, a user on the marine vessel may press a
button on the marine electronic device 40 that causes an antenna on the marine vessel
10 to transmit a signal to the castable device 20. Upon receiving said signal, the
castable device 20 causes the indicator 108 to emit light and/or make a sound. In
another embodiment, the castable device 20 activates indicator 108 if the castable
device moves more than a predetermined distance (e.g., 5 feet) from its original
location, which may act similarly to a virtual anchoring concept, or from the vessel,

for example, if the castable device is being towed.

Example System Architecture

[122] FIG. 6 shows a block diagram of an example system 100 capable for use
with several embodiments of the present invention. As shown, the system 100 mav
include a number of different modules or components, each of which may comprisz
any device or means embodied in either hardware, software, or a combination of
hardware and software configured to perform one or more corresponding functions.
For example, the system 100 may include one or more castable devices 20, one or
more marine electronic devices 40, an external network 102, and one or more mobile

devices 50.
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[123] The system 100 may also include one or more communications modules
configured to communicate with one another in any of a number of different manners
including, for example, via a network. In this regard, the communication interfaces
(e.g., 113, 123) may include any of a number of different communication backbones
or frameworks including, for example, Ethernet, the NMEA 2000 framework, GPS,
cellular, WiFi, or other suitable networks. The network may also support other data
sources, including GPS, engine data, compass, radar, etc. Numerous other peripheral
devices such as one or more wired or wireless multi-function displays (e.g., a marine
electronic device 40 or mobile device 50) may be included in the system 100.

[124] The marine electronic device 40 may include a processor 111, a memory
112, a user interface 116, a display 114, one or more sensors 117 (e.g., a location
sensor, position sensor, heading sensor, orientation sensor (not shown), etc.), and a
communication interface 113.

[125] The processor 111 may be any means configured to execute various
programmed operations or instructions stored in a memory device such as a device or
circuitry operating in accordance with software or otherwise embodied in hardware or
a combination of hardware and software (e.g., a processor operating under software
control or the processor embodied as an application specific integrated circuit (ASIC)
or field programmable gate array (FPGA) specifically configured to perform the
operations described herein, or a combination thereof) thereby configuring the device
or circuitry to perform the corresponding functions of the processor 111 as described
herein. In this regard, the processor 111 may be configured to analyze electrical
signals communicated thereto to provide processing to utilize any operational and/or
location data detected by the system 100 (e.g., operational data and/or location data
provided by one or more castable device 20).

[126] In some embodiments, the processor 111 may be further configured to
implement signal processing or enhancement features to improve the display
characteristics or data or images, collect or process additional data, such as time,
temperature, GPS information, waypoint designations, or others, or may filter
extraneous data to better analyze the collected data. It may further implement notices
and alarms, such as those determined or adjusted by a user, to reflect depth, presence

of fish, proximity of other watercraft, etc.
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[127] The memory 112 may be configured to store instructions, computer
program code, marine data, such as sonar data, chart data, location/position data, radar
data, camera data, and other data associated with the sonar system (e.g., such as from
the castable device 20 or a navigation system operated by the marine electronic
device) in a non-transitory computer readable medium for use, such as by the
processor.

[128] The communication interface 113 may be configured to enable connection
to external systems (e.g., an external network 102, one or more marine electronic
devices 40, one or more castable devices, and/or one or more mobile devices 50). In
this regard, the marine electronic device 40 may include at least one transmitter
configured to transmit, for example, one or more signals according to example
embodiments described herein. Likewise, the marine electronic device 40 may
include at least one receiver configured to, for example, receive data from one or
more castable devices according to example embodiments described herein. In some
embodiments, the transmitter and receiver may be combined as a transceiver. Though
the depicted embodiment shows specific examples of external networks that the
marine electronic device is configured to communicate with, there are many other
contemplated systems (such as the operation and/or control systems of the watercraft
carrying the marine electronic device).

[129] The marine electronic device may also include one or more sensor(s),
system(s), or other information/data collecting devices 117 (such as any example
sensors or data collecting devices described in any embodiments herein). For
example, the marine electronic device 40 may include a location sensor configured to
determine the current location of the marine electronic device. Further, the marine
electronic device may include speed and/or direction detecting sensors that are
configured to determine the speed and/or heading of the marine electronic device (or
that of the watercraft/marine vessel associated with the marine electronic device).
Even further, the marine electronic device may include a navigation system that is
configured to enable navigation capabilities (such as described herein in greater detail
with respect to some example embodiments). As will be apparent to one of ordinary
skill in the art based on the disclosure herein, there are many different types of sensors
or data collection devices that can be utilized and/or integrated within the marine

electronic device.
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[130] The display 114 may be configured to display images and may include or
otherwise be in communication with a user interface 116 configured to receive input
from a user. The display 114 may be, for example, a conventional LCD (liquid
crystal display), a touch screen display, mobile device, or any other suitable display
known in the art upon which images may be displayed.

[131] In any of the embodiments, the display 114 may present one or more se's
of marine data, such as operational data and/or location data of the castable device, (or
images generated from the one or more sets of data). Such marine data includes chart
data, weather data, location data, position data, orientation data, sonar data, or any
other type of information relevant to the watercraft and/or castable device 20. In
some embodiments, the display may be configured to present such marine data
simultaneously as in split-screen mode. In some embodiments, a user may select any
of the possible combinations of the marine data for display.

[132] The user interface 116 may include, for example, a keyboard, keypad,
function keys, mouse, scrolling device, input/output ports, touch screen, or any othar
mechanism by which a user may interface with the system.

[133] Although the display 114 of FIG. 6 is shown as being directly connected to
the processor 111 and within the marine electronic device 40, the display 114 could
alternatively be remote from the processor 111 and/or marine electronic device 40.
Likewise, in some embodiments, other components of the marine electronic device 40
could be remotely located.

[134] The castable device 20 may include components (hardware or software)
that are configured according to any of the example embodiments detailed herein in
the same manner as similar components to those of the marine electronic device 40.
For example, the castable device 20 may include a processor 121, a memory 122, and
a communication interface 123. However, the corresponding processor 121, memory
122, and communication interface 123 may be configured according to example
embodiments described herein with respect to example castable devices and their
corresponding tasks.

[135] For example, the communication interface 123 may be configured to
enable connection to external systems (e.g., an external network 102, one or more
marine electronic devices 40, one or more castable devices 20, and/or one or more
mobile devices 50). In this regard, the castable device 20 may include at least one
transmitter configured to transmit, for example, location and/or operational data
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according to example embodiments described herein. Likewise, the castable device
20 may include at least one receiver configured to, for example, receive one or more
control signals from one or more marine electronic devices 40 according to example
embodiments described herein. In some embodiments, the transmitter and receiver
may be combined as a transceiver.

[136] In addition to similar components described above with respect to a marine
electronic device, the castable device 20 may include one or more additional
components. For example, FIG. 6 depicts the additional components of a location
sensor 128, a propulsion system 125, one or more indicators 108), deployable
equipment 190, and other operational components 130 (including, for example, a
sonar system 136, a radar system 137, a camera 133, and other sensor(s) 139).

[137] The location sensor 128 may be configured to retrieve and/or detect
location/position data corresponding to the current location of the castable device.
For example, the location sensor 128 may be a GPS enabled device.

[138] The propulsion system 125 may include one or more motors configured to
propel the castable device 20 along the surface of the body of water.

[139] The one or more indicators 108 may include, for example, any type of
light. The one or more indicators 108 may be alert lights and/or indicators, such as
for indicating information (e.g., a location, a desired direction for the watercraft to
travel (e.g., red/green buoy indicators), a message, etc.). In this regard, different color
lights and/or different frequency of operation of the lights can be used (e.g., Morse
code, etc.).

[140] The deployable equipment 190 may include any equipment that can be
held and deployed by the castable device. Such equipment can be deployed and
released (e.g., fish attractant, or a buoy). In some embodiments, the deployable
equipment may be placed into a housing or attached to the castable device 20.

[141] The castable device 20 may include one or more other operational
components 130 (e.g., components that gather operational data). For example, the
castable device 20 may include a sonar system 136, a radar system 137, a camera 133,
or other sensor(s)/system(s) 139.

[142] The sonar system 136 may include a transducer assembly that is provided
in one or more housings that provide for flexible mounting options with respect to the
castable device. In this regard, for example, the housing may be mounted onto a
portion of the castable device 20 or onto a device or component that may be attached
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to the castable device 20 (e.g., a rope, a cable, a shaft, or other component that is
mountable relative to the castable device), including a bracket that is adjustable on
multiple axes, permitting omnidirectional movement of the housing.

[143] The castable device 20 may also include one or more sensor(s) or other
information/data collecting devices 139 (such as any example sensors or data
collecting devices described in any embodiments herein). For example, the castable
device 20 may include speed and/or direction detecting sensors that are configured to
determine the speed and/or heading of the castable device. Additionally or
alternatively, other sensors or data collection devices may be used (e.g., a position
sensor, a heading sensor, an orientation sensor, an IR camera, a microphone, a
temperature sensor, a wind sensor, a heave/roll sensor, an automatic identification
system (AIS), navigation system, among others). As will be apparent to one of
ordinary skill in the art based on the disclosure herein, there are many different types
of sensors or data collection devices that can be utilized and/or integrated within the
castable device.

[144] The system 100 may also include one or more mobile devices 50. The
mobile devices 50 may include components known in the art for mobile phone or
smartphones. In this regard, in some embodiments, the one or more mobile devices
50 can be linked to and/or wirelessly control operation of (or receive information
from) one or more of the marine electronic device 40 or the castable device 20
according to any embodiments described herein. For example, the mobile device 50
can display what is being displayed on the display 114 of the marine electronic device
40 — thereby enabling that information to be provided to the user no matter their
location with respect to the marine electronic device.

[145] In some embodiments, the marine electronic device 40 may be in the form
of a mobile device (e.g., a user’s phone). As such, various embodiments of the
present invention are contemplated to use the functionality described with respect to a
marine electronic device using a mobile device. Indeed, Applicant has written the
disclosure herein and claims (unless otherwise specifically stated) to include a mobile
device when referring a “marine electronic device”.

[146] FIG. 7 shows a block diagram of an example environment 101 where
system 100 (or a similar system in accordance with embodiments described herein) is
capable for use. As shown, the environment 101 includes a marine electronic device
40 for a watercraft 103 (e.g., marine vessel). The marine electronic device 40 can be
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configured, such as according to embodiments described herein, to control operation
of multiple castable devices (e.g., device 1 (20) and device 2 (20')). Such control can
occur directly to the castable devices (e.g., through Bluetooth or other wireless
control) or through the external network 102.

[147] In some embodiments, castable device 20 has memory 122 for storing
various collected data (e.g., sonar data). Castable device 20 may buffer sonar data so
that if the castable device moves out of wireless transmission range of its receiver
(e.g. communication interface 113 of marine electronic device 40), the castable device
can store collected sonar data. The castable device may detect when it is in and out of
transmission range. For example, the castable device may periodically ping the
receiver and wait for a response. When it pings the receiver and does not get a
response, the castable device may begin storing collected data beginning with that
which has been stored in the buffer. When the castable device 20 moves back within
transmission range and detect that it is within transmission range by pinging the
receiver and getting a response. Upon detecting that it has returned to transmission
range, the automatically transmit the accumulated sonar data to the marine vessel 10.
In another embodiment, the castable device determines a signal strength between the
castable device and the marine electronic device. When the signal strength drops
below a minimum threshold, the castable device begins storing sonar data in memory.
When the signal strength rises above the threshold, the castable sonar device transmits
the stored sonar data to the marine electronic device.

[148] In some embodiments, the castable device may determine whether
memory is full before storing additional accumulated data. For example, the castable
device may make a determination as to whether sufficient memory is available to
store an amount of sonar data. If sufficient memory is available, the castable device
may store the data in the available memory. If insufficient memory is available, the
castable device may make a determination to delete some of the accumulated data.
The castable device may determine what data to delete based on what is the most
relevant data. For example, if the castable device is collecting fish data, the most
recent fish data may be the most relevant for the user. Accordingly, the castable
device may delete the oldest fish location data in order to free up memory for the most
recent collected data. If, on the other hand, the castable device is collecting mapping

data, the most important data may be the oldest data. Accordingly, the castable
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device may delete the newest collected data in order to free up memory for the most
recent collected data.

[149] The storing of sonar data may be described in further detail with reference
to method 1000 of FIG. 8. In method 1000, castable device begins at step 1010,
where castable sonar device collects an amount of sonar data. Method 1000 then
proceeds to step 1020, where the castable sonar device measures the signal strength
between the castable sonar device and the marine electronic device. Method 1000
then proceeds to step 1030, where the castable sonar device compares the signal
strength to the threshold. If the signal strength is above a minimum threshold, the
marine electronic device sends the sonar data to the castable device. The castable
device then deletes the stored data at step 1040 and returns to step 1010, where it
continues to collect data. If the signal strength is below the minimum threshold,
method 1000 proceeds step 1050, where the castable device determines if sufficient
memory is available to store the collected data. If sufficient memory is available,
method 1000 may proceed to step 1060, where castable device accumulates the sonar
data in memory. That is, castable device will continue to store sonar data in its
memory for transmission at a later time. If insufficient memory is available to store
the collected data, method 1000 may proceed to step 1070, where the castable device
determines what type of data is being collected in order to determine what data to
erase in order to store the most recent collected data. If the castable device is
detecting mapping data, method 1000 may proceed to step 1080, where the most
recent stored data is deleted in memory. If, on the other hand, the castable device
determines, at step 1070, that the castable device is collecting fish location data,
method 1000 may proceed to step 1090, where the castable device may delete the
oldest data in memory. From both steps 1080 and 1090, once the data has been
deleted, method 1000 may proceed to step 1060, where the castable sonar device
stores the most recent collected data. From step 1060, the castable device may then
return to step 1010, where it continues to collect sonar data until the signal strength

increases above the threshold.
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Example Propulsion System

[150] Referring to FIG. 2C, in various embodiments, the castable device 20 may
include a propulsion system 125. The propulsion system 125 may include an air or a
water propeller 306 coupled with a motor 308. The propulsion system 20 may
include one or more fins 124 that articulate with respect to the body to deflect water
flow passing thereacross in order to control the direction of the castable device’s
movement. In other embodiments, the propeller articulates with respect to the
castable device in order to control the castable device’s movement direction. In some
embodiments, the castable device is a self-propelled bobber that uses an air or a water
propeller to move the bobber through the water.

[151] Referring to FIG. 6, the propulsion system may enable the castable device
20 to patrol the water, particularly in a mode with no tether present. For example, the
castable device may float downstream to collect data and then propel itself back
upstream after traveling a certain distance or after a certain amount of time has
passed. In another application, the castable device 20 scans an area. The castable
device may use logic and location information to patrol a designated area. For
example, a user may designate a location in a lake and a radius. The castable device
may propel itself throughout the area within the radius of the designated location
while gathering data (e.g., scanning with sonar) and return the data to the marine
electronic device. The propulsion system may return the castable device 20 to the
marine vessel upon a condition, such as, for example, the castable device completing
a task or upon receiving a request to return from the user (e.g., a user selects a “Return
Home” button on the marine electric device). Also, the castable device may return
automatically to the vessel when the battery voltage is low. In an embodiment, the
castable may automatically engage a receptacle near the vessel that allows the battery
to recharge. A group of two or more castable devices may alternate between
patrolling or monitoring an area away from the vessel, and docking at the receptacle
to recharge their batteries. Additional tasks, such as data transfer, may take place
during the docking process.

[152] In an embodiment, the castable device 20 may, via sonar system 136, as
described further herein, detect a fish, or a desired type/size fish and use the
propulsion system 125 to follow the fish. The castable device may have a light on it
(e.g., indicator 108) so that the user can follow the castable device, and, therefore, the
fish’s present location.
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[153] The propulsion system 125 may be used to lure fish to a specific location
(c.g., near the marine vessel). In an embodiment, the castable device 20 has a lure or
bait attached to a fishing line suspended therebelow. The castable device may propel
itself to a first location. The castable device may then return to the marine vessel in
order to draw fish that are attracted to its bait/lure toward the marine vessel. In some
embodiments, the castable device uses camera 133 to determine when fish have
become attracted to its bait/lure. A user may use the camera to determine when a fish
(or a desired fish) is attracted to the bait/lure attached to the castable device. The user
on the marine vessel may cast the castable device in a first location, wait for a fish to
be attracted to the bait/lure, and then, when the user sees a desirable fish near the
bait/lure, cause the castable device to return to the fishing vessel in order to draw the
fish toward the marine vessel.

[154] FIG. 9 illustrates an example marine environment with an example
castable device 20" acting as a "buoy"”. In the depicted embodiment, the castable
device 20’ is floating on the surface 12 of the body of water 11 near a marine vessel
10. In particular, the castable device 20' has been positioned so that it marks the
location of a rock 14 on the floor 13 of the body of water 11. As shown, the castable
device 20" includes a housing 22' that enables it to float on the water surface 12. A
propulsion system 25' enables the castable device 20' to correct its position so that it is
virtually anchored (as described above). The castable device 20" also includes a light
beacon 28’ for additional visual distinction to a user. Further, the castable device 20’
includes a sonar system 30' that can be used to gather sonar data from the underwater
environment, such as to determine if fish are present around the rock 14.

[155] The above example embodiments of using a castable device 20 as a "buoy"
provide many different advantages over regular buoys. For example, a regular buoy
is unable to correct its location to account for drift due to waves or wind. Often, such
fishing buoys are anchored to the bottom to avoid draft. However, in order to ensure
the buoy still remains near the location, the correct length of rope for the anchor must
be determined. The present invention avoids the need to make that determination.
Further, there is no disturbing of fish by dropping an anchor into the water — as the

present invention does not require an anchor to be dropped.
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Example Systems of Networked/Arrayed Castable Devices

[156] Referring to FIGS. 6, 7, and 10A-E, in some embodiments, many castable
devices 20 can be connected to a single network and/or operate in an array.

[157] The plurality of networked castable devices 20 provides the user with data
from a plurality of locations. In one embodiment, the user may select, on the marire
electronic device, between multiple screens in order to see the sonar information from
each of the castable devices 20. In a further embodiment, a processor, described
further herein, can stitch together data of overlapping sonar scans from each of the
castable devices to form a single image. In this way, a plurality of castable sonar
devices can create a map of sonar data that has greater coverage than a single castable
sonar device. U.S. Patent Application No. 14/718,678, entitled “Wireless Sonar
Device”, published as U.S. Publication No. 2016/0341828, which is assigned to the
Assignee of the present application and is herein incorporated by reference in its
entirety for all purposes, discloses embodiments for networking a plurality of castable
sonar devices.

[158] FIG. 10A illustrates a plurality of networked castable sonar devices 20,
20’, and 20"’ that are deployed at various ice fishing holes. Sonar images 462, 462°,
and 462’ illustrate the respective sonar data collected at each fishing hole from each
castable device. FIG. 10B illustrates a plurality of networked castable sonar devices
20, 20’, and 20’ that are deployed at various locations around the marine vessel 10.
FIG. 10C shows a representation of sonar data 480 displayed on a marine electric
device that illustrates collected sonar data including data collected 482 from each
sonar transducer assembly. In the depicted embodiment, the marine electronic device
displays a bird’s eye view representation of data collected at each castable device,
showing the number of fish detected at each castable device. In this way, the
environment 101 provides a user with real time data at various locations around the
marine vessel. FIG. 10D illustrates a plurality of networked castable sonar devices
20, 20°, and 20’ that are deployed at various locations along a body of water. FIG.
10E illustrates a representation of sonar data 462 from each of the plurality of sonar
devices of FIG. 10D, where each image 490, 490°, and 490°” corresponds to a
respective sonar device.

[159] Castable sonar devices may be added to the network sequentially. The
castable sonar devices may be added to the network until an area has sufficient
coverage. For example, a user may determine based on what sonar data is displayed
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on the marine electronic device if a sufficient area is covered. In some embodiments,
the marine electronic device highlights areas on the displayed map between sonar
scan areas in a particular color to inform the user of the gap in the network. The
marine electronic device may provide an on-screen button that allows a user to add
one or more castable sonar device to the network. When a user presses the button, the
marine electronic device scans, via Bluetooth, Wi-Fi, or a similar wireless protocol,
for available castable devices. When an available device is found, it prompts the user
to connect to the castable device. It may identify the castable device to the user via a
serial number or other unique identifier. If the user chooses to connect to the device,
the castable device indicates to the user that it is connected and opens a channel to
transmit data (e.g., sonar data) to the marine electronic device via the wireless
network.

[160] The castable sonar devices may further use respective geolocation sensing
devices such as those described herein (e.g., GPS, dead reckoning, etc.) to
automatically maintain spacing with respect to each other. If the spacing is too large,
sonar data has gaps for which no sonar data is available. If spacing is too small, the
overlapping sonar data has an unnecessarily small scan area that may provide
insufficient (or confusing) coverage. Accordingly, a threshold may be predetermined,
received from a user via a user interface (e.g., from the marine electronic device), or
calculated based on known sonar system parameters (e.g., maximum scan angle) and
water depth. In some embodiments, a plurality of castable devices provide position
data to the marine electronic device. The marine electronic device calculates the
spacing between each castable device and each of the other castable devices. If the
spacing is outside of a threshold, such as, for example, if two devices are too close to
each other, the marine electronic device determines a location for one of the castable
devices that is within the spacing threshold. The marine electronic device then sends
the determined location as a waypoint to one of the castable devices so that said
castable device will engage its propulsion system to move to the waypoint.

[161] In some embodiments, the network of castable sonar devices may be
arranged in a desired shape, such as a square grid or in a polar array (e.g., extending
in lines radially outward from a central point, such as, for example, the marine vessel
or a central castable sonar device). The castable sonar devices may use a virtual
anchor, wherein the castable sonar device uses its collected position information and
its propulsion system in order to maintain its position on the water’s surface. For
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example, the castable device 20 may include a location sensor (e.g., GPS system) that
can determine the location of the castable device 20. Additionally, the castable device
20 may include a propulsion system that can be used to keep the castable device 20
"anchored" at the desired location. In this regard, as the castable device 20 drifts
(e.g., by wind or waves), the location sensor may determine that the castable device
20 is no longer at the desired location and, in response, the propulsion system can be
engaged to return the castable device 20 to the desired location.

[162] In some embodiments, the array of castable sonar devices may move in
formation, while maintaining proper spacing, to patrol an area. In some
embodiments, this may be accomplished by the castable sonar devices communicating
directly with each other and/or with a master device (such as a marine electronic
device).

[163] In some embodiments, the castable devices 20 are configured to act as
repeaters. That is, one castable device receives a transmission from a source (e.g.,
another castable device or a marine electronic device 40 on the marine vessel) and
repeats the signal to thereby extend the range of the original transmission. In this
way, devices that are not directly in communication with each other may
communicate to the network via an intermediate castable device. The castable
devices 20 may be networked in a master-slave configuration. In some embodiments,
the castable devices 20 may act as a repeater between multiple marine vessels so that
marine vessels may communicate with each other even when they are out of direct
communication range. In some embodiments, a drone may be used to repeat a signal
between a castable device and the marine vessel. In further embodiments, the
castable devices and/or marine vessels may be arranged in a mesh network.

[164] In some embodiments, data captured from the castable device 20 may be
uploaded to a social network. For example, data may be uploaded to a server for
sharing. In some embodiments, raw data may be shared. In further embodiments,
screenshots may be shared. For example, the sonar data may be shared for other users

to live stream.
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Example Other Features

[165] In some embodiments, the data from the castable device may be used in
conjunction with a remote computing device to create a virtual or augmented reality.
For example, the data from the castable device may be used to create a 3D depiction
on a virtual reality (VR) headset (e.g., which may be attached to a mobile computing
device/phone). For example, various information/data, such as the position data of
the castable device, a user’s fishing lure, the fish, the sea floor, fish type, etc., may be
provided to a computing device and rendered and displayed as simulated reality to the
user wearing the VR headset. In some embodiments, the simulated reality display
may exclude the marine vessel from view so that the user sees below (and, therefore,
effectively through) the vessel.

[166] Referring to FIG. 11, in some embodiments, a projector 702 may be
utilized by various example systems, such as in conjunction with various data (e.g.,
sonar data) from the castable device 20. The data from the castable device may
include, for example, fish locations and a direction in which each fish is swimming.
In some such embodiments, the projector 702 may receive spatial information
including its position and angle with respect to the castable device and/or the marine
vessel, and the projector’s angle with respect to the water. The projector 702 may be
configured to process the sonar data to determine where the fish are with respect to
the projector’s projection area 706. The projector 702 may then project onto the
water’s surface locations of the fish 704A, 704B so that a viewer can “see” where the
fish are. The projector 702 may, in processing the image for display, further take into
account the location of the marine vessel. For example, the projector 702 may further
project fish that are swimming toward the marine vessel (e.g., projection 704A) in red
and fish that are swimming away from the marine vessel (e.g., projection 704B) in
green. In this regard, the projected image of a first fish 704A may correspond to an
actual detected fish F), such as form the sonar data. Likewise, the projected image of
a second fish 704B may correspond to an actual detected fish F2, such as form the
sonar data. Although the depicted projector 702 is shown attached to the marine
vessel, the projector may be positioned anywhere with respect to the castable device
20. Further, in some embodiments, the projector 702 may be a part of or attached to
the castable device 20 (e.g., the projector 702 may extend vertically upward from the
castable device 20). The collection and projection of sonar data onto the surface of
the water may also include traditional, non-castable sonar devices, such as hull and
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transom-mounted sonar transducers. Projected images may include holograms or
other technologies that are more suitable for viewing in direct sunlight.

[167] Referring to FIG. 12, in some embodiments, example systems may include
a laser 1302 that is attached either the marine vessel or the shore. The laser may be
configured to track or “spot” the castable device 20. In some embodiments, the laser
1302 may transmit a beam 1304 and receive a reflection from a reflector 1306
attached to the castable sonar device, which reflects the light back into a detector
1308. In some such embodiments, as the castable device 20 moves, the angle at
which the light returns to the detector 1308 moves, and the laser adjusts its direction
of propagation to track the castable device. Alternatively, the laser 1302 may utilize a
known position of the castable device 20 to then “spot” (e.g., transmit the laser beam
toward) the castable device. Such an example embodiment may help in “finding” &
lost castable device. Alternatively, in some embodiments, the laser may scan the
surface of the water to find a lost castable device 20. When a laser detector on the
castable sonar device detects the beam 1304, the castable device transmits a signal to
the marine electronic device indicating that the laser detected it. The marine
electronic device then uses the laser’s beam path to determine where the castable
sonar device 1s located.

[168] In some embodiments, the castable device 20 may take the form of various
natural objects to camouflage it from fish and other wildlife and/or to make the
castable device aesthetically pleasing to a user. For example, the castable device 20
may be formed to resemble, for example, a bird, a turtle, a snake, foam, a rock,
driftwood, a buoy, a lily pad, a float, a tree branch, a submerged tree, a tire, seaweed,
algae, or a piece of metal.

[169] Referring to FIG. 6, in some embodiments, the castable device 20 may
include a compartment 192 that may receive an attractant such as, for example, an
aromatherapy compound, chum, or chemical attractant. The compartment 192 has a
door that is disposed with respect to the water so that when the door opens, the
attractant releases into the water. In some embodiments, the door may be configured
to open with spring assistance or other mechanical opening mechanism. In some
embodiments, the compartment 192 may be configured to open in response to
satisfaction of a condition. For example, the compartment 192 may open when a user
presses a dispense button on the marine electronic device/mobile device. Upon
receiving a signal from the marine electronic device/mobile device that the dispense
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button has been pressed, the door opens to release the attractant. For example, a latch
could be released to allow the door to pivot, and the spring assist could force the door
into an open position. In some embodiments, certain events could trigger dispensing
from the compartment 192, such as detection of a fish, a certain type of fish, structure,
a time of day, etc.

[170] In some embodiments, the tether 60 may include various
features/functionality. For example, referring to FIG. 13, the tether 60 may comprise
wires and a plug that is receivable into plug receptacle 312 (FIG. 3) that provide
electrical power to the castable device 20 to directly power the castable device, charge
the battery, or both. In some embodiments, the tether 60 may include its own battery
for providing power to certain features. In some embodiments, the tether may have a
user interface, such as a plurality of lights 1202 (e.g., LEDs) that light up under
various circumstances. For example, the lights may change color based on what
direction the castable device 20 is moving or what direction fish detected by the
castable device 20 are moving. In some embodiments, the lights 1204 may move with
respect to the tether (e.g., vibrate or spin about the tether perpendicular to its direction
of extension) in order to display information. For example, the lights spin at a known
periodic rate and light up at certain positions along the light’s path (e.g., in order to
spell out a message 1204 when perceived by the human eye. The tether may display
messages to a user, such as, for example, if a fish is detected. In similar fashion, the
lights 1204 may light up in certain patterns to provide a pre-determined message to a
user (e.g., the battery is low, a fish is detected, etc.). Additionally or alternatively, the
tether 60 may include other types of user interfaces, such as a screen or speaker, to

enable providing information to a user.

Example Integration with Marine Electronic Device/Remote Device

[171] In some embodiments, the castable device 20 (described further with
respect to FIG. 6) may be integrated with (e.g., controlled wirelessly by) a marine
electronic device 40 (described further with respect to FIG. 6) that may, for exampe,
be dedicated to a marine vessel. Such control can be accomplished by a user by
operating the marine electronic device 40 and/or autonomously by the marine
electronic device 40 such as in accordance with the functionality of the marine
electronic device 40. By integrating the castable device 20 with the marine electronic
device 40, many advantages can be realized. The functionally of the marine
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electronic device 40, such as the navigation system (stored waypoints, routes, etc.),
alert systems, control systems, processing, etc., can be utilized with or by the castable
device (and components thereof). Additionally, operations can be performed
automatically by the castable device (i.e., without a user having to manually remote
operate the castable device). This can be useful to extend the range of the castable
device (which normally would be limited based on the user's sight), thereby saving
time and travel by the marine vessel. Automation also allows the user to perform
other tasks.

[172] Further, integration with the marine electronic device 40 allows for display
of information regarding the castable device on one or more displays controlled by the
marine electronic device. Thus, information can be displayed where most useful for a
user, such as on a display that also offers other pertinent information about operating
the marine vessel or using various features thereof. For example, as will be described
in greater detail herein, the position of the castable device may be displayed with
respect to the marine vessel on a chart on the screen of the marine electronic device
40. In another example, sonar data from the castable device may be displayed on the
same screen as a chart showing the position of the castable device relative to the
marine vessel. In a further example, the user is able to toggle between a video
streaming in from the castable device and motor/operation details for the marine
vessel itself (such as may be used for driving the marine vessel safely).

[173] In some embodiments, such operation (e.g., manual remote control or
setting up future autonomous control) of the castable device 20 can take place by the
user directly interacting with the marine electronic device 40 or indirectly interacting
with the marine electronic device 40 through a remote device (such as a mobile

device/smartphone 50) or directly through a remote device (such as indicated herein).

Example Navigation Systems

[174] In some embodiments, the castable device 20 may include a location
sensor 128 and/or navigation system. For example, the castable device may be
configured to utilize the location sensor 128 to determine location data indicative of a
current location of the castable device 20. Additionally, in some embodiments, the
castable device may be configured to determine a location corresponding to a desired
location such that it knows how to travel to the desired location (e.g., the castable
device may determine a relative position of a desired location versus its current
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location to determine the direction (including height, depth, etc.) to travel to reach the
desired location).

[175] In some embodiments, the castable device 20 may be configured to
communicate with and/or be controlled/operated by a marine electronic device 40. In
such a configuration, the marine electronic device 40 may be configured to utilize one
or more features (such as its navigation system and stored data therein) to control
and/or operate the castable device.

[176] In some embodiments, the castable device 20 may be configured to
transmit the location data indicative of its current location to a marine electronic
device 40. With the location data, the marine electronic device 40 may be configured
to determine the current location of objects in the environment (e.g., objects detected
by the castable device, the relative position of the castable device, etc.). Further, the
marine electronic device 40 may be able to determine the castable device’s position
with respect to various other elements, such as, for example, other castable devices,
detected fish, prior-collected sonar data, etc. In this way, the marine electronic device
may be able to display the information comprising the castable device’s (or other
objects) position on a map.

[177] Additionally, in some embodiments, the marine electronic device 40 may
be configured to determine other information regarding the location data provided by
the castable device, such as the distance to the location data, direction to the location
data, weather or other information regarding the current location of the castable
device, etc. Notably, depending on the desired information/data, constant updating
may need to occur as the marine vessel travels (since the base of operation of the
castable device moves on the body of water). Further, in some embodiments, marine
environment information may be taken into account. For example, when measuring a
distance to the castable device, the distance may be measured according to travel time
of the marine vessel to that location (which may include traveling around rocks or
other hazards).

[178] Further, along these lines, and in conjunction with additional functionality
of the marine electronic device 40 (such as described in greater detail herein), some
embodiments contemplate providing additional information to the user. For example,
the marine electronic device 40 may interact with components of the marine vessel to
determine data pertinent for a user to decide whether to travel to the location of the
castable device 20 and/or how to operate/control the castable device. Such pertinent
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data may include, for example, fuel level, expected fuel used to travel to the location,
battery life and/or fuel of the castable device (which may indicate the need to travel to
the castable device to pick it up), time associated with traveling to the location of the
castable device, time associated with the castable device returning to the marine
vessel, intercept time with both the marine vessel and the castable device traveling,
among others. Such pertinent data may be displayed to the user to enable the user 1o
decide how to operate the marine vessel and/or the castable device.

[179] For example, in some embodiments, the marine electronic device 40 may
track the castable device in relation to the marine vessel (e.g., its base) and provide an
indication to a user if the castable device has (or will soon) exceed its range of
operation (which can be determined based on communication range, fuel gauge,
battery life, wind conditions, etc.). Further, information regarding corrective
measures (e.g., where to send the castable device and/or marine vessel) may be
provided to the user and/or propulsion systems of the marine vessel and/or castable
device. Such corrective measures may include sending the castable device to another
location such as for a safe landing (e.g., on a dock, in shallow water, near another
marine vessel, etc.).

[180] In some embodiments, the marine electronic device 40 may be configured
to cause display of navigation or other related data on a screen (e.g., display 114). In
this regard, in some embodiments, the marine electronic device 40 may be configured
to display the current location of the marine vessel with respect to one or more
castable devices (e.g., from location data gathered from the castable device(s)).

[181] For example, FIG. 14A shows an example marine electronic device 40 that
includes a user interface 42 with a screen 45 and one or more buttons/knobs (e.g.,
knob 44, buttons 46a, 46b, and 46¢). The buttons/knobs may, in some configurations,
be utilized by a user to control operation of the marine electronic device 40 (and/or
castable device(s) by extension including direct control of the propulsion system of’
the castable device). Additionally or alternatively, the user interface 42 may be
configured to receive user input directly to the screen 45 such that it is touch screen.
[182] FIG. 14A depicts a chart 200 that shows a body of water 205 and relative
land 202 around the body of water (including the island in the middle of the body of
water). The chart 200 also shows a representation of the marine vessel 210 at a
current location on the body of water 205. Additionally, such as based on received
location data, the chart 200 shows representations of one or more castable devices
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220. In some embodiments, such as in the situation where there are more than one
castable device, the chart 200 may be configured to provide a distinction between the
castable devices such as with numbers 1, 2, etc. (though other distinguishing display
characteristics are contemplated — including, for example, colors, patterns, symbols,
names, etc.). In this regard, a user can easily determine the relative location of the
castable device with respect to the marine vessel and/or body of water (even in the
circumstance when the castable device is otherwise not visible to the user directly).
[183] In some embodiments, the marine electronic device 40 may be configured
to include or act as a navigation system. In this regard, the marine electronic device
40 may utilize different components (e.g., one or more processors, one or more
various sensors, memory, user interface, etc.) to store, create, and/or determine
various navigation related features, such as routes, waypoints, survey/scan areas,
among others. In some embodiments, navigation data that is stored and/or utilized by
the marine electronic device 40 for use by the marine vessel may also be utilized for
operation and control of the castable device. In this regard, the castable device 20 can
be controlled autonomously and/or remotely operated using the pre-stored navigation
data — increasing functionality and ease of use by a user.

[184] In such a regard, in some embodiments, the marine electronic device 40
may be configured to determine one or more desired location(s) for the castable
device 20 based on a planned route or waypoint stored in the memory of the marine
electronic device 40. In some embodiments, the marine electronic device 40 may be
configured to use the determined current location of the castable device 20 in that
determination of the desired location(s) — such as to check the current location of the
castable device 20 along a planned route and/or track the castable device 20 with
respect to the navigation related data.

[185] In some embodiments, the marine electronic device 40 may be configured
to determine one or more routes for travel by the castable device. Such routes (and/or
a single desired location) may be determined based on pre-stored routes or waypoints,
current gathered information (e.g., weather data, sonar data, current operations of the
castable device (e.g., tracking an object, returning to the marine vessel, intercepting
another marine vessel or castable device), among others). For example, the marine
electronic device 40 may utilize information gathered from an automatic identification
system (AIS) to form a route for the castable device such as to intercept another
marine vessel and/or castable device whose location was determined from the AIS
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data. In another example, the marine electronic device 40 may utilize the current
location (and/or speed, heading, etc.) of the marine vessel (which has the marine
electronic device 40 attached) to form a route for the castable device 20 such that it
may return to the marine vessel. In some embodiments, such as when the marine
vessel is stationary, the marine electronic device 40 may simply provide the current
location of the marine vessel to the castable device to cause it to return to the marine
vessel. In some embodiments, the marine electronic device 40 may be configured to
cause the castable device 40 to return to the marine vessel based on user input
indicating such a desire — such as by a user selecting a "Get Castable Device Back"
option (or the like).

[186] In some embodiments, the marine electronic device 40 may be configured
to determine one or more routes for the castable device 20 based on user input
provided to the marine electronic device 40 defining the one or more routes. In this
regard, a user can interact with the marine electronic device 40 to create a route for
the castable device 20.

[187] In some embodiments, the marine electronic device 40 may be configured
to generate one or more waypoints based on location data and/or other data provided
by the castable device 20. In some embodiments, the waypoint may be inputted or
caused to be generated through user input to the marine electronic device 40.

[188] In some embodiments, the marine electronic device 40 may be configured
to form and/or transmit one or more control signals with instructions for the castable
device. In some embodiments, the control signal may include navigation related
instructions such as providing instructions to the castable device 20 to travel to a
determined desired location. Depending on the configuration and/or the desired
outcome, the control signal may include any type of instructions for traveling to a
desired location, such as any type of desired location data (e.g., coordinates, latitude
and longitude, direction and speed data for the castable device, etc.). Further, in scme
embodiments, multiple locations may be sent as a single set of instructions to the
castable device 20 to cause the castable device 20 to travel along a route or as part of
a survey/scan (described in greater detail below). In such an embodiment, the
castable device 20 may include a navigation system onboard such that it can travel
without further instruction from the marine electronic device 40. In some
embodiments, the castable device 20 may use sonar data to avoid shallow water,
vegetation, debris, etc. that may obstruct its path. Alternatively, in some
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embodiments, a series of control signals may be transmitted to the castable device 20
to cause the castable device 20 to travel along a route. In some such cases, each
consecutive control signal may be sent as the marine electronic device 40 determines
that the castable device 20 has reached a certain point (e.g., a waypoint) along the
route.

[189] In some embodiments, the marine electronic device 40 may be configured
to transmit the one or more control signals to the one or more castable device 20.
Such control signal(s) may be transmitted automatically or in response to user input.
For example, a user may interact with a waypoint of a chart. A drop down menu
could display that includes a selection for sending a castable device to the waypoint.
Upon selection by the user, the castable device 20 may travel to the location of the
waypoint based on instructions sent by the marine electronic device 40. Similar
methodology could be applied for any type of navigation related instruction (e.g.,
routes, survey patterns, etc.).

[190] In some embodiments, the marine electronic device 40 may provide
navigation instructions to the user for remote control of the castable device 20. Such
instructions may be displayed on the display of the marine electronic device 40 and/or
on any other display (such as the display of a mobile device) for use by the operator
of the castable device 20 to travel according to the instructions.

[191] In some embodiments, the castable device 20 may be configured to receive
the one or more control signals with instructions for travelling to one or more desired
locations. In response, the castable device 20 may cause the propulsion system to
propel the castable device according to the instructions, such as toward the desired
location.

[192] In some embodiments, the control signal may include additional
navigation-related instructions regarding how to travel to the desired location (e.g..
speed, operate component(s) while traveling, operate component(s) upon arrival, erc.).
In response to receiving the control signal with the additional instructions, the
castable device 20 may cause it(s) various systems (e.g., the propulsion system,
operational components, etc.) to operate accordingly to cause the castable device 20 to
travel to the desired location (and/or operate) according to those instructions. In some
embodiments, the marine electronic device 40 may be configured to track the castable
device 20 such as it travels according to the instructions from the one or more control
signals.
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[193] In some embodiments, the marine electronic device 40 may be configured
to display the route and/or waypoints with respect to the castable device 20 (and/or
the marine vessel) for use by the operator. Such display may occur on a screen of the
marine electronic device 40 or any other screen (e.g., a screen of a mobile device of
the user). FIG. 14B shows one such example. In particular, FIG. 14B depicts a chart
200 that shows a body of water 205 and relative land 202 around the body of water.
The chart 200 also shows a representation of the marine vessel 210 at a current
location on the body of water 205. Additionally, such as based on received location
data, the chart 200 shows a representation of a castable device 220. Further, the chart
200 shows a portion of a route 230 that the castable device 220 has traveled (shown in
solid line) and a planned/proposed portion of the route 232 that the castable device
220 is scheduled to travel (shown in dotted line). In this regard, a user of the marine
electronic device 40 may easily track the current and planned travel of the castable
device 20. Though the depicted embodiment uses separate patterns for portions of the
route, other display types are contemplated for showing the various navigation-related
features.

[194] In some embodiments, the marine electronic device 40 may be configured
to display other data regarding the castable device 20 (or its travel) to the user. For
example, the marine electronic device 40 may determine (e.g., through its own
sensors/systems or from the castable device 20) information (e.g., navigation related,
operation related, etc.) about the castable device. For example, the marine electronic
device 40 may determine and display information such the speed of the castable
device, current status of any operational components of the castable device, current
direction of travel of the castable device, fuel gauge or other propulsion system
information of the castable device, among others.

[195] In some embodiments, the marine electronic device 40 may be configured
to determine one or more survey or scan patterns for one or more castable devices 20.
Such determination may be based on navigation data stored on the memory of the
marine electronic device. In some embodiments, the user may interact with the marine
electronic device 40 to create the survey/scan patterns. For example, the user may
draw the survey/scan pattern on the user interface for each castable device 20 (suct: as
with respect to the chart). In some embodiments, the survey/scan pattern may simply

be selected based on pre-set patterns. As described in greater detail herein, the
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castable device 20 may operate one or more of its operational (or other) components
while traveling the survey/scan patterns.

[196] In some embodiments, the marine electronic device 40 may be configured
to display the various survey/scan patterns along with the current location(s) of the
one or more castable devices 20. FIG. 14C shows an example chart 200 with
representations for the marine vessel 210 and two castable devices 220. Additionally,
the chart 200 shows survey patterns 238 for each castable device 220. As shown in
the depicted embodiment, the survey patterns 238 can vary (for example, the survey
pattern on the right has been determined such the castable device travels near an
island of the body of water). As will be described in more detail herein, the castable
device(s) 20 may be configured to gather operational data and provide the operational
data to the marine electronic device 40 as they travel along the survey pattern.

[197] In some embodiments, the marine electronic device 40 may be configured
to cause the marine vessel to track, follow, or go to the castable device 20. In such an
embodiment, the marine electronic device 40 may determine the current location of
the castable device 20 and provide instructions to one or more autopilots (or an
operator via a display) to enable/cause the marine vessel to travel toward/after the
castable device 20. As will be described in greater detail herein, such an embodiment
may be even more robust by utilizing the various functionality of the castable device.
For example the castable device 20 may be tracking an object, detecting fish,

checking depths ahead of the marine vessel, checking wind conditions, scouting, etc.

Example Operational Control

[198] As noted above, in some embodiments, the castable device 20 may be
configured to communicate with and/or be controlled/operated by the marine
electronic device 40. In such embodiments, the castable device 20 may be configured
to receive instructions from the marine electronic device 40 to gather operational data
and/or perform various operations with systems, sensors, or other components of the
castable device 20. In response, the castable device 20 may act accordingly and
provide operational data and/or data indicating completion of various operations to
the marine electronic device 40. As used herein, operational data may encompass any
type of data that the castable device can gather (e.g., sonar data, camera data, location
data, etc.). Additionally, some embodiments of the present invention utilize further
categorization of data types, such as sensor data, which may refer to any type of data
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capable of being gathered by a sensor of the castable device, which may include sonar
and location sensors, among others. Also, as used herein, operations that can be
performed by the castable device 20 may refer to any type of operation described or

contemplated herein (e.g., tasks, travel, transmission, receipt, gather data, etc.).

Example Video/Camera Operation

[199] In some embodiments, the castable device 20 may include a camera 1332
configured to gather camera data, including, for example, video and/or image data. In
some embodiments, the camera 133 may be positioned and oriented to capture video
underwater. Additionally or alternatively, the camera 133 may be positioned and
oriented to capture video above the water surface.

[200] In some embodiments, the castable device 20 may be configured to
communicate with and/or be controlled/operated by the marine electronic device 40.
In such embodiments, the castable device 20 may be configured to operate the camera
133 according to instructions provided by the marine electronic device 40 (such as
through a control signal). Likewise, in some embodiments, the castable device 20
may be configured to provide the gathered camera data to the marine electronic
device 40. This may include streaming video and/or still images. In some
embodiments, the gathered camera data could be provided through a direct
transmission to the marine electronic device 40, through an external network, or via
upload after return of the castable device 20.

[201] In some embodiments, the marine electronic device 40 may be configured
to display the camera data (e.g., the streaming video) to a user, such as on a screen.
Notably, display on the screen of the marine electronic device 40 may be desirable to
provide a large screen and/or convenient viewing area (e.g., the command center of
the boat, where the user is fishing, etc.). Further, use of such screens may be
desirable as they are often high-bright screens that are designed for easy viewing in
sunlight (since the screens are often exposed on the marine vessel). This allows for
easy viewing of objects, such as fish, sand bars, rocks, bridges, etc.

[202] Indeed, in some embodiments, the castable device 20 (such as by utilizing
the camera and displaying the resulting image on the marine electronic device 40)
may be used to scout the marine environment, such as for depth, possible fishing

locations, among many other reasons. For example, in some embodiments, object
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recognition technology (such as at the marine electronic device 40 or the castable
device 20) could be used to further aid in fish spotting.

[203] Additionally, in some embodiments, the castable device 20 may be
configured to determine location data associated with the gathered camera data.
Further, in some embodiments, the castable device 20 may be configured to transmit
the location data to the marine electronic device 40, such as for determination of the
location of the castable device at the time of gathering the camera data (though the
location may also or in the alternative be determined at the castable device).

[204] In some embodiments, the location of the castable device 20 may be
associated with the gathered camera data for correlation and/or storage. Such
association may occur at the castable device 20 and/or at the marine electronic device
40. In this regard, in some embodiments, the marine electronic device 40 may cause
display of the streaming video in association with the location of the castable device
to give context to the streaming video to the user.

[205] FIG. 15A shows an example marine electronic device 40 that depicts a
split-screen view 300 of streaming video 301 on the left portion of the screen and a
chart 303 on the right portion of the screen. The streaming video 301 is taken from
camera data from the castable device 20 and shows a fish 313 swimming in water
311. The chart 303 shows the location of castable device 320 (indicated as a "C!",
such as for Castable Device 1) on the body of water 305. The chart 303 also shows
the location of the marine vessel 390 associated with the marine electronic device 40,
thereby giving the viewer an indication of the relative position of the castable device
20.

[206] Additionally, in some embodiments, such as the depicted embodiment, the
marine electronic device 40 may display an indication of the camera view 351 that
provides the user with an idea of the orientation and/or coverage area of the camera
and the captured streaming video. In such embodiments, the castable device 20 may
be configured to determine orientation data corresponding to the orientation of the
castable device 20 and/or the camera 133 (as the camera 133 may be configured to be
directed with respect to the castable device 20). Such orientation data may be
provided to the marine electronic device 40 for use (such as for display, association
with the camera data, etc.). In this regard, a user can easily determine the relative

location and orientation of the streaming video with respect to the marine vessel
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and/or body of water (even in the circumstance when the castable device is otherwise
not visible to the user directly).

[207] In some embodiments, the marine electronic device 40 may be configured
to overlay the camera data on the chart at the corresponding location and in the
corresponding orientation as the camera data was received. For example, the marine
electronic device 40 may receive the camera data, the orientation data of the camera
data, and the location data associated with the camera data. Based on this
information, the marine electronic device 40 may be configured to orient the camera
data and overlay it on a chart at the proper associated location for which it was
gathered. In some embodiments, only a portion of the camera data may be overlaid
on the chart. In this regard, depending on the configuration and/or desires of the user,
the marine electronic device 40 may be configured to crop the camera data prior to
overlaying it on the chart. Such embodiments that utilize overlaying camera data on a
chart may be useful for surveying a body of water. Even more, multiple castable
devices could be used to efficiently survey the body of water, and could be operated
in conjunction via the marine electronic device.

[208] FIG. 15B shows an example screen 45 of a marine electronic device 40
showing the streaming video 301 on the left portion and a chart 303" on the right
portion. Prior camera data has been overlaid 353 on the chart 303" at the appropriate
location and in the appropriate orientation. In the depicted embodiment, the camera
data is overlaid as the castable device 320 travels along the body of water 305.

[209] In some embodiments, the castable device 20 and/or marine electronic
device 40 may include object recognition technology that can be used in conjunction
with the camera data to recognize objects (e.g., fish, dolphins, whales, sharks, other
marine vessels, structure, shallow water, rocks, etc.) and act accordingly. In some
embodiments, certain objects may cause triggers to occur, such as begin capturing
camera data when a fish or other object is recognized, begin transmission of the
camera data to the marine electronic device for display when a fish or other object is
recognized, mark a location on the marine electronic device when a fish or other

object is recognized, among many others.
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Example Flowchart(s) and Operations

[210] Embodiments of the present invention provide methods, apparatuses and
computer program products for controlling and operating one or more castable
devices in a marine environment. Various examples of the operations performed in
accordance with embodiments of the present invention will now be provided with
reference to FIGs. 16-17.

[211] FIG. 16 illustrates a control flow diagram according to an example method
for controlling navigation of a castable device from a remote marine electronic device
according to an example embodiment 900. The operations illustrated in and described
with respect to FIG. 16 may, for example, be performed by, with the assistance of,
and/or under the control of one or more of the processor 121, memory 122,
communication interface 123, location sensor 128, propulsion system 125, and/or
other sensor(s)/system(s) 130 of the castable device 20 (e.g., castable device 920 of
FIG. 16) and/or one or more of the processor 111, memory 112, communication
interface 113, user interface 116, display 114, and/or sensor(s)/system(s) 117 of the
marine electronic device 40 (e.g., marine electronic device 905 of FI1G. 16).

[212] Operation 950 may comprise retrieving (or determining) location data
indicative of a current location of the castable device 920. The processor 121,
memory 122, communication interface 123, location sensor 128, and/or other
sensor(s)/system(s) 130 of the castable device 920 may, for example, provide means
for performing operation 950. Operation 952 may comprise transmitting the location
data from the castable device 920 and/or receiving the location data at the marine
electronic device 905. The processor 121 and/or communication interface 123 of the
castable device 920 and/or the processor 111 and/or communication interface 113 of
the marine electronic device 905 may, for example, provide means for performing
operation 952.

[213] Operation 954 may comprise determining the current location of the
castable device 920 at the marine electronic device 905 and based on the received
location data. The processor 111, memory 112, communication interface 113, and/or
sensor(s)/system(s) 117 of the marine electronic device 905 may, for example,
provide means for performing operation 954. Operation 956 may comprise
determining the desired location for the castable device 920 to travel to, wherein the
determining is performed at the marine electronic device 905 and based on a planned
route or waypoint stored in the memory of the marine electronic device. The
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processor 111, memory 112, user interface 116, display 114, and/or
sensor(s)/system(s) 117 of the marine electronic device 905 may, for example,
provide means for performing operation 956. Operation 958 may comprise
transmitting a control signal from the marine electronic device 905 and/or receiving
the control signal at the castable device 920, wherein the control signal includes
instructions for the castable device to travel to the desired location. The processor

111 and/or communication interface 113 of the marine electronic device 905 and/or
the processor 121 and/or communication interface 123 of the castable device 920
may, for example, provide means for performing operation 958.

[214] Operation 960 may comprise causing the propulsion system of the castable
device to propel the castable device to the desired location. The processor 121,
memory 122, communication interface 123, location sensor 128, propulsion system
125, and/or other sensor(s)/system(s) 130 may, for example, provide means for
performing operation 960.

[215] FIG. 17 illustrates a control flow diagram according to an example method
for controlling operation of a castable device from a remote marine electronic device
according to an example embodiment 970. The operations illustrated in and described
with respect to FIG. 17 may, for example, be performed by, with the assistance of,
and/or under the control of one or more of the processor 121, memory 122,
communication interface 123, location sensor 128, propulsion system 125, and/or
other sensor(s)/system(s) 130 of the castable device 20 (e.g., castable device 920 of
FIG. 17) and/or one or more of the processor 111, memory 112, communication
interface 113, user interface 116, display 114, and/or sensor(s)/system(s) 117 of the
marine electronic device 40 (e.g., marine electronic device 905 of F1G. 17).

[216] Operation 972 may comprise determining at the marine electronic device
905 that operational data from the castable device 920 is desired. The processor 111,
memory 112, communication interface 113, user interface 116, display 114, and/or
sensor(s)/system(s) 117 of the marine electronic device 905 may, for example,
provide means for performing operation 972. Operation 974 may comprise
transmitting a control signal from the marine electronic device 905 and/or receiving
the control signal at the castable device 920, wherein the control signal includes
instructions for the castable device to operate accordingly (such as gathering
operation data). The processor 111 and/or communication interface 113 of the marine
electronic device 905 and/or the processor 121 and/or communication interface 123 of
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the castable device 920 may, for example, provide means for performing operation
974.

[217] Operation 976 may comprise causing the operational data to be acquired
by one or more components of the castable device. The processor 121, memory 122,
communication interface 123, location sensor 128, propulsion system 125, and/or
other sensor(s)/system(s) 130 may, for example, provide means for performing
operation 976. Operation 978 may comprise retrieving (or determining) location data
indicative of a current location of the castable device 920. The processor 121,
memory 122, communication interface 123, location sensor 128, and/or other
sensor(s)/system(s) 130 of the castable device 920 may, for example, provide means
for performing operation 950. Operation 980 may comprise transmitting the
operational data and the location data from the castable device 920 and/or receiving
the operational data and the location data at the marine electronic device 905. The
processor 121 and/or communication interface 123 of the castable device 920 and/or
the processor 111 and/or communication interface 113 of the marine electronic device
905 may, for example, provide means for performing operation 980.

[218] Operation 982 may comprise causing display of one or more images
associated with the received operational data and/or location data on a screen of the
marine electronic device 905. The processor 111, memory 112, communication
interface 113, user interface 116, display 114, and/or sensor(s)/system(s) 117 of the
marine electronic device 905 may, for example, provide means for performing
operation 982.

[219] FIGs. 16-17 illustrate flow control diagrams of a system, method, and
computer program product according to an example embodiment. It will be
understood that each block of the flow control diagrams, and combinations of blocks
in the flow control diagrams, may be implemented by various means, such as
hardware and/or a computer program product comprising one or more computer-
readable mediums having computer readable program instructions stored thereon. For
example, one or more of the procedures described herein may be embodied by
computer program instructions of a computer program product. In this regard, the
computer program product(s) which embody the procedures described herein may be
stored by, for example, the memory 112/122 and executed by, for example, the
processor 111/121. As will be appreciated, any such computer program product may
be loaded onto a computer or other programmable apparatus (for example, a marine
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electronic device 40 and/or a castable device 20), such that the computer program
product including the instructions which execute on the computer or other
programmable apparatus creates means for implementing the functions specified in
the flow control diagrams block(s). Further, the computer program product may
comprise one or more non-transitory computer-readable mediums on which the
computer program instructions may be stored such that the one or more computer-
readable memories can direct a computer or other programmable device (for example,
a marine electronic device 40 and/or a castable device 20) to cause a series of
operations to be performed on the computer or other programmable apparatus to
produce a computer-implemented process such that the instructions which execute on
the computer or other programmable apparatus implement the functions specified in

the flow control diagrams block(s).
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Conclusion
[220] Many modifications and other embodiments of the inventions set forth
herein will come to mind to one skilled in the art to which these inventions pertain
having the benefit of the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the embodiments of the
invention are not to be limited to the specific embodiments disclosed and that
modifications and other embodiments are intended to be included within the scope of
the invention. Moreover, although the foregoing descriptions and the associated
drawings describe example embodiments in the context of certain example
combinations of elements and/or functions, it should be appreciated that different
combinations of elements and/or functions may be provided by alternative
embodiments without departing from the scope of the invention. In this regard, for
example, different combinations of elements and/or functions than those explicitly
described above are also contemplated within the scope of the invention. Although
specific terms are employed herein, they are used in a generic and descriptive sense

only and not for purposes of limitation.
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CLAIMS

1. A castable sonar device, the castable sonar device comprising:

a housing configured to float on a body of water above an underwater
environment, wherein the housing comprises a tether connection feature configured to
connect to a tether or fishing line;

a power source positioned within the housing;

a transducer assembly positioned within the housing, wherein the transducer
assembly comprises:

a transducer array positioned within the housing and aimed
downwardly therefrom, wherein the transducer array comprises a phased
array, wherein the phased array comprises a plurality of transducer elements,
wherein each of the plurality of transducer elements is configured to receive
phased array sonar returns from the underwater environment;

a wireless communication element configured to transmit one or more signals
to and receive one or more signals from a remote computing device; and

processing circuitry provided within the housing, wherein the processing
circuitry is configured to:

receive one or more phased array sonar returns from the transducer
array;

process the one or more phased array sonar returns to generate phased
array sonar return data corresponding to the underwater environment;

generate, based on the phased array sonar return data, a sonar image
corresponding to the underwater environment; and

transmit, via the wireless communication element, the sonar image to
the remote computing device for presentation on a display of the remote

computing device.

2. The castable sonar device of claim 1, further comprising a wide beam sonar
transmitter configured to transmit sonar beams into the underwater environment,
wherein the phased array is configured to receive sonar returns corresponding to the

sonar beams.
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3. The castable sonar device of claim 1, wherein the phased array is configured
to transmit sonar beams into the underwater environment and receive sonar returns

therefrom.

4. The castable sonar device of claim 3, wherein the phased array transmits

frequency steered sonar beams.

5. The castable sonar device of claim 1, wherein an angle, with respect to a water
line of the body of water, of a sonar return associated with an object in the underwater
environment is determined based on a phase difference between sonar returns
associated with the object that are received at two or more transducer elements of the

phased array.

6. The castable sonar device of claim 1, wherein an angle, with respect to a water
line of the body of water, of a sonar return associated with an object in the underwater
environment is determined based on relative positions and known distances between
two or more transducer elements of the phased array, wherein the two or more

transducer elements each receive a sonar return associated with the object.

7. The castable sonar device of claim 6, wherein the determined angle
corresponding to the sonar return associated with the object is used to generate a
three-dimensional position of the object in the underwater environment for the sonar

image.

8. The castable sonar device of claim 6, wherein the determined angle
corresponding to the sonar return associated with the object is used to generate a two-

dimensional position of the object in the underwater environment for the sonar image.

9. The castable sonar device of claim 1 further comprising a location sensor
configured to determine the position of the castable sonar device, wherein the
processing circuitry is configured to:

determine a current position of the castable sonar device; and

transmit the current position of the castable sonar device to the remote
computing device.
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10.  The castable sonar device of claim 9 further comprising a propulsion system
configured to propel the castable sonar device along a surface of the body of water,
wherein the processing circuitry is configured to:

receive instructions from the remote computing device to move to a location;
and

cause the propulsion system to operate to cause the castable sonar device to

move to the location.

11.  The castable sonar device of claim 10, wherein the processing circuitry is
configured to maintain the castable sonar device within a predetermined distance
threshold from a second castable sonar device such that the castable sonar device and
the second castable sonar device form an array to provide increased sonar coverage of

the underwater environment.

12.  The castable sonar device of claim 1 further comprising:

an attachment for a lure;

a motion sensor configured to detect motion corresponding to a bite; and

a light indicator,

wherein the processing circuitry is configured to:
receive motion data from the motion sensor;
determine, based on the motion data, occurrence of a bite; and
cause the light indicator to illuminate to provide an indication of the

occurrence of the bite.

13.  The castable sonar device of claim 1 further comprising a memory, wherein
the processing circuitry is configured to:

determine a signal connection strength between the wireless communication
element and the remote computing device; and

save in the memory, in an instance in which the signal connection strength 1s
below a minimum signal connection strength threshold, the sonar image for later
transmission to the remote computing device once the signal connection strength

increases above the minimum signal connection strength threshold.
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14. The castable sonar device of claim 1 further comprising a dispense mechanism
configured to dispense at least one of an aroma, chum, or a chemical attractant into
the underwater environment, wherein the processing circuitry is configured to cause
the dispense mechanism to cause dispensing of the aroma, the chum, or the chemical

attractant into the underwater environment.

15. The castable sonar device of claim 1, wherein the transducer elements are
affixed to a printed circuit board (PCB), wherein each of the plurality of transducer

elements is electrically connected to traces on the PCB.

16. A system comprising:
a castable sonar device, the castable sonar device comprising:

a housing configured to float on a body of water above an underwater
environment, wherein the housing comprises a tether connection feature
configured to connect to a tether or fishing line;

a power source positioned within the housing;

a transducer assembly positioned within the housing, wherein the
transducer assembly comprises:

a transducer array positioned within the housing and aimed

downwardly therefrom, wherein the transducer array comprises a

phased array, wherein the phased array comprises a plurality of

transducer elements, wherein each of the plurality of transducer
elements is configured to receive phased array sonar returns from the
underwater environment;

a wireless communication element configured to transmit one or more
signals to and receive one or more signals from a remote computing device;
and

processing circuitry provided within the housing, wherein the
processing circuitry is configured to:

receive one or more phased array sonar returns from the
transducer array;

process the one or more phased array sonar returns to generite
phased array sonar return data corresponding to the underwater

environment;
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generate, based on the phased array sonar return data, a sonar
image corresponding to the underwater environment; and
transmit, via the wireless communication element, the sonar
image to the remote computing device for presentation on a display of
the remote computing device; and
the remote computing device comprising:
a wireless communication element configured to receive the sonar
image from the castable sonar device;
a user interface comprising the display; and
processing circuitry configured to:
receive the sonar image from the castable sonar device; and
cause presentation of the sonar image on the display of the

remote computing device.

17.  The system of claim 16, wherein the remote computing device comprises one

of a mobile computing device or a marine electronic device associated with a vessel.

18.  The system of claim 16, wherein the castable sonar device further comprises a
location sensor configured to determine the position of the castable sonar device,
wherein the processing circuitry of the castable sonar device is further configured to:
determine a current position of the castable sonar device; and
transmit the current position of the castable sonar device to the remote

computing device.

19. The system of claim 16, wherein the transducer elements are affixed to a
printed circuit board (PCB), wherein each of the plurality of transducer elements is

electrically connected to traces on the PCB.

20. A system comprising:
a castable sonar device, the castable sonar device comprising:

a housing configured to float on a body of water above an underwater
environment, wherein the housing comprises a tether connection configured to
connect to a tether or fishing line;

a power source positioned within the housing;
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a transducer assembly positioned within the housing, wherein the
transducer assembly comprises:

a transducer array positioned within the housing and aimed
downwardly therefrom, wherein the transducer array comprises a
phased array, wherein the phased array comprises a plurality of
transducer elements, wherein each of the plurality of transducer
elements is configured to receive phased array sonar returns from the
underwater environment;

a wireless communication element configured to transmit one or more
signals to and receive one or more signals from a remote computing device;
and

processing circuitry provided within the housing, wherein the
processing circuitry is configured to:

receive one or more phased array sonar returns from the
transducer array; and
transmit, via the wireless communication element, the one or
more phased array sonar returns to the remote computing device; and
the remote computing device comprising:

a wireless communication element configured to receive one or more
signals from the castable sonar device;

a user interface comprising a display; and

processing circuitry configured to:

receive the one or more phased array sonar returns from the
castable sonar device;

process the one or more phased array sonar returns to generate
phased array sonar return data corresponding to the underwater
environment;

generate, based on the phased array sonar return data, a sonar
image corresponding to the underwater environment; and

cause presentation of the sonar image on the display of the

remote computing device.
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