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(57) Abstract:
Systems and methods for presenting marine information are provided herein. A system includes
an array of a plurality of sonar transducer elements associated with a watercraft and a display.
The system causes presentation of a chart of a body of water, including a representation of the
watercraft at a current location. The system also operates the array to cause transmission of
sonar beams into the underwater environment and receives sonar return data from the array. The
system further generates, based on the sonar return data, a two-dimensional live sonar image,
determines a facing direction of the array, and causes presentation of the sonar image in the
facing direction on the chart and relative to the representation of the watercraft. Accordingly, live
sonar imagery is presented on the chart to visually provide a relationship between objects within
the live sonar imagery and the real-world position of those objects.



MARINE CHART AND SONAR IMAGE PRESENTATION SYSTEMSAND METHODS

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims priority from United States patent application 17/174,415,
filed 12 February 2021, the entire content of which isincorporated by reference.

FIELD OF THE INVENTION
[0002] Embodiments of the present invention relate generally to presentation of marine data,
and more particularly, to providing for improved display features regarding sonar data on

nautical charts.

BACKGROUND OF THE INVENTION
[0003] Nautical chartsincluding electronic or interactive nautical charts are typically used to
provide a user with information about a body of water including (but not limited to) depth,
routes, areas of interest, or the like. In some examples, nautical charts may also provide an
indication of the location of avessel (e.g., watercraft) associated with a chart display device.
Further, some nautical charts may also display the location, course, speed, and/or other
information for one or more other vessels on the body of water, such as provided by automatic
identification system (AlS).
[0004] Sonar (SOund Navigation And Ranging) has long been used to detect waterborne or
underwater objects. For example, sonar devices may be used to determine depth and bottom
topography, detect fish, locate wreckage, etc. In this regard, due to the extreme limits to visibility
underwater, sonar istypically the most accurate way to locate objects underwater. Sonar
transducer elements, or simply transducers, may convert electrical energy into sound or
vibrations at a particular frequency. A sonar sound beam is transmitted into and through the
water and is reflected from objects it encounters (e.g., fish, structure, bottom surface of the
water, etc.). The transducer may receive the reflected sound (the “ sonar returns’) and convert the
sound energy into electrical energy. Based on the known speed of sound, it is possible to
determine the distance to and/or location of the waterborne or underwater objects.
[0005] The sonar return signals can also be processed to be presented on adisplay, giving the
user a“picture” or image of the underwater environment. Notably, however, it can be difficult to



understand the coverage of the sonar in relation to the body of water, such asto understand
where objects in the sonar image arein the real world.

[0006] It isan object of at least preferred embodiments to address at |east some of the
aforementioned disadvantages. An additional or alternative object isto at least provide the public

with auseful choice.

BRIEF SUMMARY OF THE INVENTION
[0007] A display can be used to present marine information (such as sonar images or nautical
charts) to auser. For example, adisplay may present a sonar image and a nautical chart in asplit
screen format or oneis selected and displayed at a given time. The distributed or binary display
of the nautical chart and sonar image may result in auser consulting several displays and/or
making several selections on a user interface in an effort to determine the sonar coverage on the
actual body of water.
[0008] To understand the surface and submerged conditions of a body water, a user may
consult a nautical chart and one or more sonar images. The nautical chart may be separate and
unrelated to incoming sonar data collected by one or more sonar transducers. Since the nautical
chart and sonar images are separate and not correlated, the user may have to determine or infer
information between the nautical chart and the sonar images. It may be difficult and/or time
consuming for the user to ascertain the condition of the body of water, which may detract from
the commercia or recreationa activities of the vessel.
[0009] As noted above, it can be difficult to determine the real world sonar coverage
provided by the various sonar transducers of the watercraft. The sonar beam shape (of the sonar
beams emitting from the sonar transducer(s)) may be unknown or difficult to determine by the
user, as well as the understanding of how that sonar beam shape fits within the underwater
environment. Accordingly, the corresponding coverage of the sonar beams may be difficult to
understand, making it difficult to link the objects in the sonar imagery with their actual location
within the body of water.
[0010] Some embodiments of the present disclosure aim to provide useful information that
will aid the user in determining and understanding the sonar coverage of the underwater
environment. In some embodiments of the present disclosure, the sonar image may be presented

on the nautical chart to visually indicate the sonar coverage. The orientation, sonar beam shape



and size, and/or relative position of the sonar transducer with respect to watercraft may be
accounted for in the presentation of the sonar image overlay presented on the chart.

[0011] In accordance with an aspect of the invention, there is provided a system for
presenting marine information, wherein the system comprises:. at least one array of aplurality of
sonar transducer el ements associated with awatercraft on abody of water and oriented with an
emitting face in afacing direction, wherein the facing direction is generally outward of the
watercraft, wherein the plurality of sonar transducer elements are configured to transmit one or
more sonar beams into the underwater environment, wherein the plurality of sonar transducer
elements are configured to operate at a fixed phase shift and vary in frequency so asto beamform
multiple sonar return beams; a display; one or more processors,; and a memory including
computer program code configured to, when executed, cause the one or more processors to:
cause, on the display, presentation of a chart including at least a portion of the body of water;
cause, on the display, presentation of a representation of the watercraft at a position on the chart
corresponding to a current location of the watercraft; operate the array to cause the plurality of
sonar transducer elements to transmit the one or more sonar beams into the underwater
environment; receive sonar return datafrom the plurality of sonar transducer elements of the
array; filter the sonar return data based on frequency to form the multiple sonar return beams,
wherein each of the multiple sonar return beams provides an angled slice of coverage extending
outward from the emitting face in different directions, and wherein, when pieced together, the
angled dlices form a coverage areain a horizontal plane extending outwardly from the watercraft,
wherein the coverage area defines an overall coverage angle and extends aradial distance
outwardly from the emitting face; generate a sonar image of the underwater environment
outward from the watercraft, wherein the sonar image is atwo-dimensional live sonar image that
isformed of the sonar return data from each of the multiple sonar return beams, and wherein the
sonar return data used to form the two-dimensional live sonar image was received at
substantially a same time by the plurality of sonar transducer elements, wherein the sonar return
data used to form the two-dimensional live sonar image is updated in real-time; determine the
facing direction; and cause, on the display, presentation of the sonar image in the facing direction
on the chart and relative to the representation of the watercraft such that the sonar image extends
outwardly from the representation of the watercraft on the chart a distance dimensionally

corresponding to the radial distance of the coverage areato thereby visually indicate the real



world coverage area of the two-dimensional live sonar image, wherein the sonar imageis
presented in the facing direction on the chart so as to visually provide arelationship between
objects within the live sonar imagery and a real-world position of the objects.

In accordance with another aspect of the invention, thereis provided a method for presenting
marine information, the method comprising: causing, on adisplay, presentation of a chart
including at least a portion of abody of water; causing, on the display, presentation of a
representation of awatercraft at a position on the chart corresponding to a current location of the
watercraft; operating at least one array of a plurality of sonar transducer elements to cause the
plurality of sonar transducer el ements to transmit one or more sonar beams into an underwater
environment of the body of water, wherein the array is associated with the watercraft and
oriented with an emitting face in afacing direction, wherein the facing direction is generally
outward of the watercraft, wherein the plurality of sonar transducer elements are configured to
transmit one or more sonar beams into the underwater environment, wherein the plurality of
sonar transducer elements are configured to operate at afixed phase shift and vary in frequency
so as to beamform multiple sonar return beams; receiving sonar return data from the plurality of
sonar transducer elements of the array; filtering the sonar return data based on frequency to form
the multiple sonar return beams, wherein each of the multiple sonar return beams provides an
angled slice of coverage extending outward from the emitting face in different directions, and
wherein, when pieced together, the angled slices form a coverage areain a horizontal plane
extending outwardly from the watercraft, wherein the coverage area defines an overall coverage
angle and extends aradial distance outwardly from the emitting face; generating a sonar image
of the underwater environment outward from the watercraft, wherein the sonar image is a two-
dimensional live sonar image that is formed of the sonar return data from each of the multiple
sonar return beams, and wherein the sonar return data used to form the two-dimensional live
sonar image was received at substantially a same time by the plurality of sonar transducer
elements, wherein the sonar return data used to form the two-dimensional live sonar imageis
updated in real-time; determining the facing direction; and causing, on the display, presentation
of the sonar image in the facing direction on the chart and relative to the representation of the
watercraft such that the sonar image extends outwardly from the representation of the watercraft
on the chart a distance dimensionally corresponding to the radial distance of the coverage areato

thereby visually indicate the real world coverage area of the two-dimensional live sonar image,



wherein the sonar image is presented in the facing direction on the chart so asto visually provide
arelationship between objects within the live sonar imagery and a real-world position of the
objects.

[0012] Example embodiments of the present disclosure provide various sonar systems for
imaging an underwater environment. Some example sonar systems provide for generating alive
sonar image that represents an image of a volume of the underwater environment that is updating
in real-time. Inthisregard, in some embodiments, the sonar system may include one or more
arrays of sonar transducer elements that operate to beamform multiple sonar return beams. The
multiple sonar return beams can be filtered, such as based on frequency, to receive sonar returns
in sonar beam dlices (e.g., around 0.5° - 1° beam angle). The sonar beam dlices build-up to form
the live sonar image extending across an overall sonar beam angle (e.g., multiple adjacent slices
may form an overall coverage angle, such as~135°. Since the sonar beam slices update
continually, the resulting sonar image updates. Accordingly, the system may be configured to
generate a corresponding two-dimensional (2D) near-real time (or “live”) sonar image.

[0013] In some example embodiments, the array(s) may be oriented such that the facing
direction of the sonar image is generally outward of the watercraft. In such an example, the
sonar image may extend in a horizontal plane, such as may correspond with the horizontal plane
of anautical chart. Accordingly, in some embodiments, the system may be configured to cause
presentation of the live sonar image in the facing direction on the chart and relative to a
representation of the watercraft so as to provide live sonar imagery on the chart to visually
provide arelationship between objects within the live sonar imagery and a real-world position of
the objects.

[0014] In some embodiments, the effective distance of the sonar coverage for the live sonar
image may be accounted for during presentation on the chart. In thisregard, the size of the sonar
image on the chart may dimensionally correspond to the size of the sonar beam coverage within
the underwater environment. Likewise, in some example embodiments, as the zoom level of the
chart changes, the corresponding size of the sonar image presented thereon may aso adjust to
maintain the dimensional correspondence. In such examples, auser can more accurately
understand where an object presented in the sonar imageisin the real world. This may be useful

for casting afishing line or setting an anchor, among other things.



[0015] In some embodiments, the array may be rotatable with respect to the watercraft.
Accordingly, the orientation of the sonar image of the chart with respect to the watercraft may be
adjusted based on the current facing direction of the array. Additionally, in some embodiments,
past sonar images can be maintained to help a user build-up a sonar image of the underwater
environment (e.g., the user may build up a 360° view around the watercraft). In some
embodiments, the past sonar images may fade away as time passes to create avisua indication
of the older sonar imagery.

[0016] In some embodiments, indications of the location of various objects (e.g., fish,
structure, etc.) within the sonar data could be presented on the nautical chart, such as within the
sonar image. Along these lines, in some embodiments, tracking of the object may occur as time
progresses, which may cause the indicator to move within the sonar image. In some
embodiments, atrail may be presented to indicate past locations of the tracked object.

[0017] In an example embodiment, a system for presenting marine information is provided.
The system comprises at |east one array of aplurality of sonar transducer elements associated
with awatercraft on abody of water and oriented with an emitting face in afacing direction.
The facing direction is generally outward of the watercraft. The plurality of sonar transducer
elements are configured to transmit one or more sonar beams into the underwater environment.
The system further includes a display; one or more processors; and a memory including
computer program code. The computer program code is configured to, when executed, cause the
one or more processors to: cause, on the display, presentation of a chart including at least a
portion of the body of water; cause, on the display, presentation of a representation of the
watercraft at a position on the chart corresponding to a current location of the watercraft; operate
the array to cause the plurality of sonar transducer elements to transmit the one or more sonar
beams into the underwater environment; and receive sonar return data from the plurality of sonar
transducer elements of the array. The computer program code is further configured to cause the
one Or more processors to generate a sonar image of the underwater environment outward from
the watercraft, wherein the sonar image is atwo-dimensiona live sonar image that is formed of
the sonar return data, and wherein the sonar return data used to form the two-dimensional live
sonar image was received at substantially a same time by the plurality of sonar transducer
elements. The computer program code is further configured to cause the one or more processors

to cause the one or more processors to determine the facing direction; and cause, on the display,



presentation of the sonar image in the facing direction on the chart and relative to the
representation of the watercraft, wherein the sonar image is presented in the facing direction on
the chart so asto visually provide arelationship between objects within the live sonar imagery
and areal-world position of the objects.

[0018] Theterm ‘comprising’ as used in this specification means ‘ consisting at least in part
of’. When interpreting each statement in this specification that includes the term ‘ comprising’,
features other than that or those prefaced by the term may aso be present. Related terms such as
‘comprise’ and ‘comprises’ areto beinterpreted in the same manner.

[0019] In some embodiments, the plurality of sonar transducer elements are configured to
operate at afixed phase shift and vary in frequency so as to beamform multiple sonar return
beams. The computer program code is further configured to, when executed, cause the one or
more processors to filter the sonar return data based on frequency to form the multiple sonar
return beams, wherein the two-dimensional live sonar imageis formed of the sonar return data
from each of the multiple sonar return beams. In some embodiments, the sonar return data used
to form the two-dimensional live sonar image is updated in real-time, and each of the multiple
sonar return beams provides an angled slice of coverage extending outward from the emitting
facein different directions. When pieced together, the angled slices form a coverage areain a
horizontal plane extending outwardly from the watercraft. The coverage area defines an overall
coverage angle and extends aradial distance outwardly from the emitting face. In some
embodiments, the computer program code is further configured to, when executed, cause the one
Or more processors to cause presentation of the sonar image on the chart such that the sonar
image extends outwardly from the representation of the watercraft on the chart a distance
dimensionally corresponding to the radial distance of the coverage areato thereby visually
indicate the real world coverage area of the two-dimensional live sonar image. In some
embodiments, the computer program code is further configured to, when executed, cause the one
or more processors to determine azoom level of the chart being presented on the display; and
adjust a size of the sonar image based on the zoom level of the chart for presentation of the sonar

image on the chart at the zoom level.

[0020] In some embodiments, the overall coverage angle defines an angle within the range of
90° to 140°.
[0021] In some embodiments, the at least one array isafirst array, the sonar imageisafirst



sonar image, and the corresponding facing direction of thefirst array isafirst facing direction.
The system further includes a second array of a plurality of sonar transducer el ements associated
with the watercraft and oriented with a second emitting face in a second facing direction. The
second facing direction is generally outward of the watercraft and is different than the first facing
direction. The computer program code is further configured to, when executed, cause the one or
more processors to operate the second array; receive second sonar return datafrom the plurality
of sonar transducer elements of the second array; and generate a second sonar image of the
underwater environment outward from the watercraft. The second sonar image is a second two-
dimensional live sonar image that is formed of the second sonar return data. The second sonar
return data used to form the second two-dimensional live sonar image was received at
substantially the same time by the plurality of sonar transducer elements of the second array as
the plurality of sonar transducer elements of the first array. The computer program codeis
further configured to cause the one or more processors to determine the second facing direction;
and cause, on the display, presentation of the second sonar image in the second facing direction
on the chart and relative to the representation of the watercraft while the first sonar imageis
presented on the chart. 1n some embodiments, the first sonar image defines afirst coverage area
in ahorizontal plane extending outwardly from the watercraft. Thefirst coverage area defines a
first overall coverage angle. The second sonar image defines a second coverage areain the
horizontal plane extending outwardly from the watercraft. The second coverage area defines a
second overall coverage angle. Thefirst coverage areais different from the second coverage
area such that the first coverage area does not overlap the second coverage area. In some
embodiments, the computer program code is further configured to, when executed, cause the one
Or more processors to cause presentation of a plurality of sonar images on the chart to form a
360° sonar image around the representation of the watercraft, wherein the plurality of sonar
images includes at |east the first sonar image and the second sonar image.

[0022] In some embodiments, the sonar image is afirst sonar image based on sonar return
datareceived at afirst time, and the facing direction isafirst facing direction. The array of a
plurality of sonar transducer elements is rotatable with respect to the watercraft. The system
further comprises a direction sensor configured to sense a direction of the array. The computer
program code is further configured to, when executed, cause the one or more processors to

operate the array to cause the plurality of sonar transducer elements to transmit one or more



second sonar beams into the underwater environment in a second facing direction at a second
time that is after the first time; receive second sonar return data from the plurality of sonar
transducer elements of the array; and generate a second sonar image of the underwater
environment outward from the watercraft. The second sonar image is atwo-dimensional live
second sonar image that is formed of the second sonar return data. The computer program code
is further configured to cause the one or more processors to determine, based on sensor data from
the direction sensor, the second facing direction; and cause, on the display, presentation of the
second sonar image in the second facing direction on the chart and relative to the representation
of the watercraft. In some embodiments, the computer program code is further configured to,
when executed, cause the one or more processors to cause presentation of the first sonar image to
remain on the chart while causing presentation of the second sonar image. In some
embodiments, the computer program code is further configured to, when executed, cause the one
or more processors to cause presentation of the first sonar image to fade out over a period of time
while causing presentation of the second sonar image.

[0023] In some embodiments, the system further comprises a direction sensor configured to
sense adirection of the array. The computer program code is further configured to, when
executed, cause the one or more processors to determine the facing direction based on sensor
data from the direction sensor.

[0024] In some embodiments, the sonar image is presented as an overlay on the chart.

[0025] In some embodiments, the computer program code is further configured to, when
executed, cause the one or more processors to determine an object within the sonar image;
determine a position of the object within the sonar image; and cause, on the display, presentation
of an indicator for the object at the position within the sonar image, wherein the indicator
highlights or otherwise indicates the object within the sonar image. The computer program code
is further configured to cause the one or more processors to determine an updated position of the
object within the sonar image as the sonar image is updated based on additional sonar return data
being captured; and cause, on the display, presentation of the indicator at the updated position so
asto track the object within the two-dimensional live sonar image.

[0026] In some embodiments, the emitting face of the array defines awidth and alength,
wherein the length of the emitting face is greater than the width of the emitting face. The length
of the emitting face extends in afore-to-aft direction of the watercraft. Each of the plurality of



sonar transducer elements defines alength and awidth. The length of each of the plurality of
sonar transducer elementsis greater than the width of each of the plurality of sonar transducer
elements. The length of each of the plurality of sonar transducer elements is perpendicular to the
length of the emitting face.

[0027] In another example embodiment, a marine el ectronic device for presenting marine
information is provided. The marine electronic device comprises adisplay; one or more
processors; and a memory including computer program code. The computer program codeis
configured to, when executed, cause the one or more processors to cause, on the display,
presentation of achart including at least a portion of a body of water; cause, on the display,
presentation of a representation of awatercraft at a position on the chart corresponding to a
current location of the watercraft; and operate at least one array of aplurality of sonar transducer
elements to cause the plurality of sonar transducer elements to transmit one or more sonar beams
into an underwater environment of the body of water. The array is associated with the watercraft
and oriented with an emitting face in afacing direction. The facing direction is generally
outward of the watercraft. The computer program code is further configured to cause the one or
more processors to receive sonar return data from the plurality of sonar transducer elements of
the array and generate a sonar image of the underwater environment outward from the
watercraft, wherein the sonar image is atwo-dimensional live sonar image that is formed of the
sonar return data. The sonar return data used to form the two-dimensional live sonar image was
received at substantially a same time by the plurality of sonar transducer elements. The
computer program code is further configured to cause the one or more processors to determine
the facing direction; and cause, on the display, presentation of the sonar image in the facing
direction on the chart and relative to the representation of the watercraft, wherein the sonar
image is presented in the facing direction on the chart so asto visually provide arelationship
between objects within the live sonar imagery and a real-world position of the objects.

[0028] In some embodiments, the plurality of sonar transducer elements are configured to
operate at afixed phase shift and vary in frequency so as to beamform multiple sonar return
beams. The computer program code is further configured to, when executed, cause the one or
more processors to filter the sonar return data based on frequency to form the multiple sonar
return beams. The two-dimensional live sonar image is formed of the sonar return datafrom

each of the multiple sonar return beams. The sonar return data used to form the two-dimensiona
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live sonar image is updated in real-time. Each of the multiple sonar return beams provides an
angled slice of coverage extending outward from the emitting face in different directions. When
pieced together, the angled slices form a coverage areain a horizontal plane extending outwardly
from the watercraft. The coverage area defines an overall coverage angle and extends aradial
distance outwardly from the emitting face.

[0029] In some embodiments, the computer program code is further configured to, when
executed, cause the one or more processors to cause presentation of the sonar image on the chart
such that the sonar image extends outwardly from the representation of the watercraft on the
chart a distance dimensionally corresponding to the radial distance of the coverage areato
thereby visually indicate the real world coverage area of the two-dimensional live sonar image.
[0030] In yet another example embodiment, a method for presenting marine information is
provided. The method comprises causing, on adisplay, presentation of achart including at |east
aportion of abody of water; causing, on the display, presentation of arepresentation of a
watercraft at a position on the chart corresponding to a current location of the watercraft; and
operating at least one array of a plurality of sonar transducer elements to cause the plurality of
sonar transducer elements to transmit one or more sonar beams into an underwater environment
of the body of water. The array is associated with the watercraft and oriented with an emitting
facein afacing direction. Thefacing direction is generally outward of the watercraft. The
method further comprises receiving sonar return data from the plurality of sonar transducer
elements of the array and generating a sonar image of the underwater environment outward from
the watercraft. The sonar image is atwo-dimensional live sonar image that is formed of the
sonar return data. The sonar return data used to form the two-dimensional live sonar image was
received at substantially a same time by the plurality of sonar transducer elements. The method
further comprises determining the facing direction and causing, on the display, presentation of
the sonar image in the facing direction on the chart and relative to the representation of the
watercraft. The sonar image is presented in the facing direction on the chart so asto visually
provide arelationship between objects within the live sonar imagery and a real-world position of
the objects.

[0031] Additional example embodiments of the present invention include methods, systems,

and computer program products associated with various embodiments described herein.
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[0032] In this specification where reference has been made to patent specifications, other
external documents, or other sources of information, thisis generally for the purpose of
providing a context for discussing the features of the invention. Unless specifically stated
otherwise, reference to such external documents or such sources of information is not to be
construed as an admission that such documents or such sources of information, in any

jurisdiction, are prior art or form part of the common general knowledge in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033] 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:
[0034] FIG. 1illustrates an example watercraft including various marine devices, in
accordance with some embodiments discussed herein;
[0035] FIG. 2A illustrates an example array of transducer elements, in accordance with some
embodiments discussed herein;
[0036] FIG. 2B illustrates aside view of the array of transducer e ements shown in FIG. 2A,
wherein an example first range of angles and an example second range of angles for beamformed
sonar return beams areillustrated, in accordance with some embodiments discussed herein;
[0037] FIG. 2C illustrates an end view of the array of transducer elements shown in FIG. 2B
along with illustrated ranges of angles of beamformed sonar return beams, in accordance with
some embodiments discussed herein;
[0038] FIG. 3illustrates three example arrays arranged to provide continuous sonar coverage
utilizing beamformed sonar return beams, in accordance with some embodiments discussed
herein;
[0039] FIG. 3A illustrates afirst array shown in FIG. 3 along with its corresponding ranges
of angles of beamformed sonar return beams, in accordance with some embodiments discussed
herein;
[0040] FIG. 3B illustrates a second array shown in FIG. 3 along with its corresponding
ranges of angles of beamformed sonar return beams, in accordance with some embodi ments
discussed herein;
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[0041] FIG. 3C illustrates athird array shown in FIG. 3 along with its corresponding ranges
of angles of beamformed sonar return beams, in accordance with some embodiments discussed
herein;

[0042] FIG. 4 illustrates another example arrangement of three example arrays arranged to
provide continuous sonar coverage utilizing beamformed sonar return beams, in accordance with
some embodiments discussed herein;

[0043] FIG. 5 shows a perspective view of an example transducer assembly that includes
three arrays, in accordance with some embodiments discussed herein;

[0044] FIG. 6 shows an exploded view of the example transducer assembly shown in FIG. 5,
in accordance with some embodiments discussed herein;

[0045] FIGs. 7A-B illustrate example mounting options for the example transducer assembly
of FIG. 5 when mounted generally horizontally, in accordance with some embodiments
discussed herein;

[0046] FIG. 8illustrates a schematic top plan view of awatercraft with an example
transducer assembly utilizing three arrays, wherein the transducer assembly is mounted generally
horizontally to provide sonar coverage in the port-to-starboard direction in front of the
watercraft, in accordance with some embodiments discussed herein;

[0047] FIG. 9 shows an example display presenting atwo-dimensional (2D) live sonar image
corresponding to the sonar coverage shown in FIG. 8, in accordance with some embodiments
discussed herein;

[0048] FIG. 10 illustrates the example display presenting a chart with an example sonar
image overlay at the corresponding current location of the watercraft and in the corresponding
facing direction, in accordance with some embodi ments discussed herein;

[0049] FIG. 11 illustrates the example display presenting the chart with the example sonar
image overlay shown in FIG. 10, wherein the zoom level of the chart has been increased from
the zoom level shown in FIG. 10, in accordance with some embodiments discussed herein;
[0050] FIG. 12 illustrates the example display presenting the chart with another example
sonar image overlay, wherein the facing direction of the sonar system changed with respect to
the watercraft, in accordance with some embodiments discussed herein;

[0051] FIG. 13 illustrates the example display presenting the chart with the example sonar

image overlay from both FIGs. 10 and 12, wherein the sonar image overlay from FIG. 12 is
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presented above the sonar image overlay from FIG. 10, in accordance with some embodi ments
discussed herein;

[0052] FIG. 14 illustrates the example display presenting the chart with the example sonar
image overlays from FIG. 13, wherein the sonar image overlay from FIG. 10 is faded with
respect to the sonar image overlay from FIG. 12, in accordance with some embodiments
discussed herein;

[0053] FIG. 15 illustrates the example display presenting a chart with two example sonar
image overlays that work together to provide increased coverage around the watercraft, in
accordance with some embodiments discussed herein;

[0054] FIG. 16 illustrates the example display presenting the chart shown in FIG. 15 with a
360° sonar image overlay, in accordance with some embodiments discussed herein;

[0055] FIG. 17 illustrates the example display presenting the chart with the sonar image
overlay shown in FIG. 11, wherein an indicator of an object within the sonar image is presented
within the sonar image, in accordance with some embodiments discussed herein;

[0056] FIG. 18 illustrates the example display presenting the chart with the sonar image
overlay shownin FIG. 11, wherein atrail illustrating historical positions of an object within the
sonar image is presented within the sonar image, in accordance with some embodiments
discussed herein;

[0057] FIG. 19 illustrates a block diagram of an example system with various electronic
devices, marine devices, and secondary devices shown, in accordance with some embodiments
discussed herein; and

[0058] FIG. 20 illustrates a flowchart of an example method of presenting a sonar image

over achart, in accordance with some embodiments discussed herein.

DETAILED DESCRIPTION
[0059] 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 numeralsrefer to like elements throughout.
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[0060] FIG. 1lillustrates an example watercraft 100 including various marine devices, in
accordance with some embodiments discussed herein. Asdepicted in FIG. 1, the watercraft 100
(e.g., avessdl) is configured to traverse a marine environment, e.g. body of water 101, and may
use one or more sonar transducer assemblies 102a, 102b, and 102c disposed on and/or proximate
to the watercraft. Notably, example watercraft contemplated herein may be surface watercraft,
submersible watercraft, or any other implementation known to those skilled in the art. The
transducer assemblies 102a, 102b, and 102c may each include one or more transducer elements
configured to transmit sound waves into a body of water, receive sonar returns from the body of
water, and convert the sonar returns into sonar return data. Various types of sonar transducers
may be utilized — for example, alinear downscan sonar transducer, a conical downscan sonar
transducer, a sidescan sonar transducer, and/or one or more arrays of a plurality of sonar
transducer elements.

[0061] In this regard, the sonar transducer may be formed of one or more active elements
(e.g., piezodlectric crystals). Wires are soldered to coatings on the active element and can be
attached to a cable which transfers the electrical energy from atransmitter to the active element.
As an example, when the frequency of the electrical signal is the same as the mechanical
resonant frequency of the active element, the active element moves, creating sound waves at that
frequency. The shape of the active element determines both its resonant frequency and shape of
the sonar beam. Further, padding can be used to prevent sonar emissions from certain faces of
the active element (e.g., the top and sides) leaving exposed only the emitting faces for which the
sonar beam isdesired. Frequencies used by sonar devices vary, and some sonar transducers may
produce sonar beams at multiple different frequencies. Some example sonar transducers utilize a
frequency range from 50 KHz to over 900 KHz depending on application. Some sonar systems
vary the frequency within each sonar pulse using “chirp” technology.

[0062] Depending on the configuration, the watercraft 100 may include a primary motor 105,
which may be amain propulsion motor such as an outboard or inboard motor. Additionally, the
watercraft 100 may include atrolling motor 108 configured to propel the watercraft 100 or
maintain aposition. The one or more transducer assemblies (e.g., 102a, 102b, and/or 102c) may
be mounted in various positions and to various portions of the watercraft 100 and/or equipment
associated with the watercraft 100. For example, the transducer assembly may be mounted to the

transom 106 of the watercraft 100, such as depicted by transducer assembly 102a. The
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transducer assembly may be mounted to the bottom or side of the hull 104 of the watercraft 100,
such as depicted by transducer assembly 102b. The transducer assembly may be mounted to the
trolling motor 108, such as depicted by transducer assembly 102c. Other mounting
configurations are contemplated also, such as may enable rotation of the transducer assembly
(e.g., mechanical and/or manual rotation, such as on arod or other mounting connection).

[0063] The watercraft 100 may also include one or more marine electronic devices 160, such
as may be utilized by a user to interact with, view, or otherwise control various functionality
regarding the watercraft, including, for example, nautical charts and various sonar systems
described herein. Intheillustrated embodiment, the marine electronic device 160 is positioned
proximate the helm (e.g., steering wheel) of the watercraft 100 — although other places on the
watercraft 100 are contemplated. Likewise, additionally or alternatively, a remote device (such
as auser’ s mobile device) may include functionality of a marine electronic device.

[0064] The watercraft 100 may also comprise other components within the one or more
marine electronic devices 160 or at the helm. In FIG. 1, the watercraft 100 comprises a radar
116, which is mounted at an elevated position (although other positions relative to the watercraft
are also contemplated). The watercraft 100 also comprises an AlS transceiver 118, adirection
sensor 120, and a camera 122, and these components are each positioned at or near the helm
(although other positions relative to the watercraft are also contemplated). Additionally, the
watercraft 100 comprises arudder 110 at the stern of the watercraft 100, and the rudder 110 may
be positioned on the watercraft 100 so that the rudder 110 will rest in the body of water 101. In
other embodiments, these components may be integrated into the one or more electronic devices
160 or other devices. Another example device on the watercraft 100 includes a temperature
sensor 112 that may be positioned so that it will rest within or outside of the body of water 101.
Other example devices include awind sensor, one or more speakers, and various vessel
devices/features (e.g., doors, bilge pump, fuel tank, etc.), among other things. Additionally, one
or more sensors may be associated with marine devices; for example, a sensor may be provided
to detect the position of the primary motor 105, the trolling motor 108, or the rudder 110.

[0065] Some example embodiments of the present invention utilize sonar transducer
assemblies that provide for generating near real-time (e.g., “live”) sonar imagery. In thisregard,
in some embodiments, the entire sonar image is continuously updated all at once (e.g., as

opposed to building up historical slices of sonar data asistypical of conventional downscan or
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sidescan sonar images). The example transducer assembly described with respect to FIGs. 2A-8
provides an example transducer assembly that can be used to form the live sonar imagery.
Notably, however, other transducer assembly configurations can aso be used to form live sonar
imagery and embodiments of the present invention are not necessarily meant to be limited to a
specific transducer assembly. For example, more or less arrays or elements within the arrays
may be used, different transducer element configurations may be used, multiple sonar transducer
assemblies can be used, etc.

[0066] FIGs. 2A-C illustrate an example array 220 of transducer el ements 208 that may be
utilized with various embodiments of the present invention, such as within an example
transducer assembly described herein. In some embodiments, the transducer array 220 may
include a plurality of transducer elements 208 arranged in aline and e ectrically connected
relative to each other. For example, the transducer elements 208 may be individually positioned
on aprinted circuit board (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. The conductive tracks may comprise sets of traces; for example,
each transducer element may be mounted to the PCB such that the transducer element isin
electrical communication with a set of traces. Each transducer element, sub-array, and/or the
array of transducer elements may be configured to transmit one or more sonar pul ses and/or
receive one or more sonar return signals. Unless otherwise stated, although FIGs. 2A-C illustrate
alinear array with transducer elements of a certain shape, different types of arrays (or sub-
arrays), transducer elements, spacing, shapes, etc. may be utilized with various embodiments of
the present invention.

[0067] In the illustrated embodiment shown in FIG. 2A, the transducer array 220 includes an
emitting face 221 with a length La and awidth Wa, where the length is greater than the width.
Within the array 220, each transducer element 208 defines an emitting face 209 with alength Lt
and awidth W+, where the length is greater than the width. The length of each transducer
element 208 is perpendicular to the length of the emitting face 221. Each transducer element 208
is spaced at a predetermined distance from an adjacent transducer element, which may be
designed based on desired operating characteristics of the array 220, such as described herein.
[0068] In some embodiments, the array 220 of transducer elements 208 is configured to

operate to transmit one or more sonar beams into the underwater environment. Depending on the
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configuration and desired operation, different transmission types of sonar beams can occur. For
example, in some embodiments, the array 220 may transmit sonar beams according to a
frequency sweep (e.g., chirp sonar) so asto provide sonar beams into the underwater
environment. In some embodiments, the array 220 may be operated to frequency steer
transmitted sonar beams into various volumes of the underwater environment. In some
embodiments, the array 220 may be operated to cause a broadband transmit sonar beam to be
sent into the underwater environment. Depending on the frequency used and phase shift applied
between transducer elements, different volumes of the underwater environment may be targeted.
[0069] In some embodiments, the array 220 may be configured to receive sonar return
signals. The way the sonar return signals are received and/or processed may vary depending on
the desired sonar system configuration. FIGs. 2B-2C illustrate the array 220 with example
possible sonar return beam coverage according to various example embodiments. In thisregard,
in some embodiments, each of the plurality of transducer elements are configured to operate at a
fixed phase shift (e.g., at one of 0°, n/2 radian, /4 radian, or /8 radian) and vary in frequency
(e.g., between 500 kHz — 1200 kHz). This processing approach beamforms multiple sonar return
beams (e.g., beam 280) between afirst range of angles (61) 281 and between a second range of
angles (02) 282. To explain, the sonar returns may be received by the array 220 and filtered into
frequency bins based on the frequency of the signal. From that, sonar return beams 280 can be
determined that provide sonar returns within a small angle window (e.g., 0.5° to 1°, although
greater or lesser angle windows are contemplated). Since the mounting orientation with respect
to the watercraft can be known, and the frequency is known, then the relative angle with respect
to the waterline (or other reference) can be determined and used to form sonar imagery, as
described herein.

[0070] With further reference to FIG. 2B, the sonar return beams (e.g., 280) can be “ steered”
(e.g., dong arrow R) within the first range of angles 281 based on varying the frequency (e.g.,
between 291a and 291b). Likewise, the sonar return beams can be “ steered” within the second
range of angles 282 based on varying the frequency (e.g., between 292a and 292b). By operating
the transducer elements at a fixed phase shift, the two range of angles 281, 282 can be covered
with sonar beams, but there is also agap (e.g., indicated by the range of angles ) that is not able

to be covered by the frequency steered sonar return beams.
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[0071] Without being bound by theory, a perhaps simplified explanation of this can be based
on considering a single beam shape that is formed by areceipt event of the array. The beam
shapeisformed of arather wide main beam lobe, along with at least one relatively small defined
side lobe (e.g., the beam 280) that extends outwardly therefrom. By operating at a fixed phase
shift and ignoring the main beam lobe, the sonar return signals received within the side |obe can
be determined. Further, changing the frequency causes a shifting of the direction of the side lobe
among the range of angles (281 or 282). Since the side lobe is symmetrical about the main lobe,
there are two ranges of angles that are symmetrical about the facing direction Drp of the emitting
face 221 of the array 220.

[0072] Further information regarding beamforming, including frequency steered
beamforming, can be found, for example, in the following: U.S. Patent No. RE45,379, entitled
“Frequency Division Beamforming for Sonar Arrays’; U.S. Patent No. 10,114,119, entitled
“Sonar Systems using Interferometry and/or Beamforming for 3D Imaging”; U.S. Patent
9,739,884, entitled “ Systems and Associated Methods for Producing a 3D Sonar Image”; and
U.S. Patent Application No. 16/382,639, published as U.S. Publication No. 2019/0265354, and
entitled “ Sonar Transducer Having Geometric Elements’; the contents of each hereby being
incorporated by referencein their entireties.

[0073] Depending on various factors, different beam shapes can be achieved and different
ranges of angles can be achieved. The following describes some example factors that can be
varied to effect the beam shapes and different ranges of angles: the number of transducer
elements, the size/shape of the transducer elements, the size/shape of the array, the fixed phase
shift, the frequency range, among other things. An example embodiment produces afirst range
of angles spanning ~22.5° and a second range of angles spanning ~22.5° with a gap of range of
angles of ~45° therebetween. Additionally, sonar return beams of ~0.5° to 1° are formed.
Further, with reference to FIG. 2C, atransverse beamwidth 63 of ~20° is formed (although other
transverse beamwidths are contemplated such as between ~9° and 27°). Some example
embodiments that may achieve such example beam shapes include an array length of between
~100-150 mm; an array width of between ~3-10 mm,; an array thickness of between ~1-3 mm; a
number of transducer elements of between 50-200; awidth of the transducer element of between
~0.4-1 mm; and alength of the transducer element of between ~2-10 mm (although outside of

these ranges is also contemplated).
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[0074] In some embodiments, the system may be configured to utilize more than one array,
where the arrays are oriented relative to each other to increase coverage volume of the
underwater environment. For example, in some embodiments, a second (or more) array(s) can
be added and tilted relative to the first array such that the gap within thefirst array is*“covered”
by one or more of the range of angles of sonar return beams from such array(s). FIG. 3
illustrates an example three array assembly 310 that is designed to provide continuous sonar
coverage utilizing beamformed sonar return beams. The sonar assembly 310 includes afirst
array 340, a second array 330, and athird array 320. Thefirst array 340 (shown by itself in FIG.
3A), is oriented with afacing direction (e.g., substantialy straight down relative to the figure) so
asto produce afirst range of angles 341 and a second range of angles 342 (withagapin
between). The second array 330 (shown by itself in FIG. 3B), is oriented with afacing direction
at an angle (e.g., -22.5° relative to the facing direction of the first array 340) so asto produce a
first range of angles 331 and a second range of angles 332 (with agap in between). The third
array 320 (shown by itself in FIG. 3C), is oriented with afacing direction at another angle (e.g.,
-45° relative to the facing direction of the first array 340) so asto produce afirst range of angles
321 and a second range of angles 322 (with agap in between). As so arranged, the gaps between
each set of the two range of angles are covered by arange of angles from each of the other two
arrays. Theillustrated example thus provides continuous sonar beam coverage for ~135°,
although other overall coverage angles are contemplated such as angles ranging from 90° - 140°.
[0075] FIG. 4 illustrates another example transducer assembly 510 that includes an
arrangement of three arrays arranged to provide continuous sonar coverage utilizing beamformed
sonar return beams. Notably, while the first array 540 and the third array 520 are mounted and
oriented similarly to the first and third arrays of the transducer assembly 310 of FIG. 3, the
second array 530 of the transducer assembly 510 has been shifted (e.g., offset) while maintaining
itsrelative angle orientation (e.g., it is still mounted with afacing direction at an angle (e.g., -
22.5°) relative to the facing direction of the first array — just asin the transducer assembly 310).
Thus, the transducer assembly 510 forms an “X” configuration for the first array 540 and the
third array 520, but also hasaline“ " at the bottom of the “X” corresponding to the second array
530. Notably, the same relative continuous sonar beam coverage is obtained (e.g., as the small
relative shift from the centerpoint 315 in FIG. 3 does not significantly change the resulting beam

coverage — particularly with respect to the distance covered in the underwater environment). For

20



explanatory purposes, the various ranges of angles are shown extending from a dlightly revised
centerpoint 515.

[0076] FIG. 5 illustrates an example transducer assembly 602 including a housing 605 that
houses the three arrays 620, 630, 640 (which are shown in exploded view in FIG. 6). Notably,
the housing 605 includes one or more mounting features (e.g., a ratchet-type mounting feature
604 for enabling secured attachment in different orientations). The cable 606 provides a safe
channel for running various wires 607 used in conjunction with the arrays. Notably, the X plus
line configuration of the arrays enables some benefits for the transducer assembly 602. For
example, the housing 605 of the transducer assembly 602 may maintain asmall footprint and still
provide a straight bottom that enables a user to more easily comprehend the position of the center
array (and, thus, determine and orient the transducer assembly 602 properly with respect to the
watercraft for the desired coverage). With reference to FIG. 6, the PCB 609 and the electrical
connectors 603 are also shown for electrically connecting the arrays 620, 630, and 640.

[0077] Though shown mounted in FIGs. 3 and 4 so that the resulting sonar coverage is
forward (left side) and downward, with the wide beam angle of ~135° extending in the vertical
plane, other orientations are contemplated. For example, in some embodiments, the transducer
assembly may be oriented in agenerally horizontal direction to cause the wide beam angle (e.g.,
~135°) to extend in agenerally horizontal plane, such as may correspond with the water surface.
Such an orientation provides awider live sonar image in the horizontal plane extending from the
watercraft and may be preferred for understanding positions of objects within the water (e.g.,
cast the fishing line 5° off the bow on the starboard side) and/or distances of objects from the
watercraft (e.g., the fish school is 15 feet from the watercraft).

[0078] FIGs. 7A-B illustrate example mounting orientations for the transducer assembly
shown in FIG. 5. For example, FIG. 7A illustrates the transducer assembly 902 mounted to a
pole 910 (e.g., a shaft of atrolling motor) using a mounting arm 906. The mounting arm 906
attaches via a fastener to the transducer assembly 902 at afirst end 907 and to the pole 910 viaa
clamp 908 at a second end 905. The mounting arm 906 includes a bend that enables the
transducer assembly 902 to be spaced from the pole 910 and oriented as desired (e.g., facing
generally horizontally along arrow J). FIG. 7B illustrates the transducer assembly 902 mounted
to the trolling motor housing 912 via a strap and clamp 904. The transducer assembly 902 may
be oriented as desired (e.g., facing generally horizontally along the arrow J).
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[0079] FIG. 8illustrates awatercraft 100 with an exampl e transducer assembly 502 utilizing
three arrays to provide continuous sonar coverage 505 horizontally in the forward direction
relative to the watercraft 100 (e.g., port-to-starboard). In thisregard, the three arrays work
together to provide corresponding ranges of angles 521, 522, 531, 532, 541, 542 — similar to
those shown and described with respect to FIG. 4. In theillustrated embodiments, the lengths of
each of the emitting faces of the three arrays extends in the port-to-starboard direction of the
watercraft. Asindicated herein, the frequency of the sonar return beams can be varied to provide
a sonar return beam 506 that can sweep (e.g., dong arrow A) within the sonar beam coverage
505 (e.g., across the three arrays) — to capture sonar return signals along the sonar beam
coverage. With such an example set-up, the resulting 2D live sonar image would show alive (or
near real-time) sonar image corresponding to the volume extending in front of the watercraft
according to the beam coverage (although in some embodiments the transducer assembly may
have afacing direction that is different than forward and/or rotatable with respect to the
watercraft).

[0080] In some embodiments, the transducer assembly can be used to form alive (or
substantially real-time) two-dimensional (2D) sonar image (e.g., time/distance from the
transducer assembly and angle) with a horizontal view. For example, FIG. 9illustrates alive 2D
sonar image 720 presented on a display 705 (e.g., of amarine electronics device). Thelive 2D
sonar image 720 is formed as dlices of sonar return data corresponding to each sonar return beam
706 extending within that sonar beam coverage extending from the transducer assembly location
721. For example, the sonar return beam 706 may extend at different angles, such as along the
arrow B. Overall, however, the sonar return beams 706 may add up to form an overall coverage
angle 64. Notably, the sonar image 720 may be formed with aradia distance Drg that
corresponds to an effective sonar return distance (e.g., adistance that corresponds to desirably
accurate sonar returns from the emitting face of the transducer assembly). The live 2D sonar
image 720 can be updated in substantially real-time al at once as the sonar return beams 706 are
all received at substantially the same time (e.g., by selecting different frequenciesto form al the
different sonar return beams that are used to present sonar return data into the image at the
proper angle). The detailed bottom surface is shown at 729.

[0081] Due to the overall coverage angle being ~135°, there are blank spaces in each corner

723a, 723b (asthe display is shaped as arectangle). Notably, the shape of the sonar image may
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be different depending on the effective coverage provided by the sonar transducer assembly. In
this regard, in some embodiments, the live sonar image is shaped to provide imagery of the sonar
return data all at once, and that sonar return datais continuously updated such that the imagery is
continuously updated.

[0082] Whether anovice or an expert, it would be beneficial to be able to quickly and easily
visually appreciate the real-world sonar coverage of a sonar image, such as alive sonar image.
Indeed, even for experts, it can be difficult (or mentally consuming) to determine the real-world
sonar coverage of a sonar transducer of a watercraft, such as figuring out where objectsin the
sonar imagery are actually in the real-world. Some embodiments of the present invention aim to
provide useful information that will aid the user in determining and understanding the sonar
coverage of the underwater environment, such as by providing live sonar imagery on achart in
the proper location, orientation, and/or dimensional spacing.

[0083] FIGs. 10-18 illustrate various rendering (e.g., presentation) of sonar images and
nautical charts on auser interface display, such as display 440 as referenced in FIG. 19. Also
referencing FIG. 19, aprocessor 410 may be configured to receive location data from the
position sensor 445, such as a global positioning system (GPS) sensor. The processor 410 may
determine alocation, e.g. geographical location, based on the location data and correlate the
geographic location with a corresponding chart location in the nautical chart. Referring to FIG.
10, the processor 410 may render the nautical chart 710 on display 705, which may include an
indication of avessel location (e.g., presentation of arepresentation of awatercraft 711) in an
instance in which the displayed portion of the nautical chart 710 includes the chart location
associated with the determined geographical location. Chart data associated with the nautical
chart 710 may be stored in amemory, such as, referring back to FIG. 19, the memory 420 or
remote device 454, from which the processor 410 may retrieve the chart data as necessary for
rendering to the display 440.

[0084] The processor 410 may also be configured to receive sonar return datain response to
the one or more sonar signals being transmitted into the body of water 101. As discussed above,
the processor 410 may be configured to generate one or more sonar images based on the one or
more sonar returns. The processor 410 may determine alocation associated with the sonar return
data based on location data received by the position sensor 445 at the time in which the sonar

returns were received by the one or more transducer assemblies 102a, 102b, 102c (e.g., one or
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more of sonar transducer assemblies 462, 462°, 462" in FIG. 19). The processor 410 may be
configured to correl ate the corresponding sonar return data (from the sonar returns) and/or the
location datain real time such as by adding location data to the sonar return data and/or sonar
image data, or by correlation of time stamps included in the location data and the sonar return
data or sonar images. The sonar images may include, without limitation, sidescan 2D sonar
images, 3D downscan sonar images, 3D sonar images, 2D and/or 3D live (e.g. rea time or near
real time) sonar images, or the like. The processor 410 may be configured to render the sonar
images on the display 440 in real time or near real time, and/or store the sonar images and
corresponding location information in a memory, such as the memory 420 or the remote device
454,

[0085] In some embodiments, the system may be configured to cause presentation of a chart
(e.g., nautical chart) on adisplay, along with arepresentation of the watercraft at a current
location within the chart. The chart may be stored in memory and/or gathered via an external or
internal network. The position and/or orientation of the watercraft may be determined via
position/orientation data, such as from a global positioning system (GPS) and/or other source(s).
Returning to FIG. 10, an example display 705 (e.g., the display 440 of the marine electronic
device 405 shown in FIG. 19) is presenting a chart 710. The chart 710 includes a representation
of the watercraft 711 at a current location within the chart (e.g., such as may be determined based
on position data). Asillustrated, the representation of the watercraft 711 may have arelative
size, such as may correspond to the zoom level of the chart 710, and a direction that indicatesin
which direction the watercraft 711 is pointing (e.g., such as may be based on orientation data
and/or recent/current position data). The body of water may be illustrated as 712, such asin
comparison to land, which isillustrated as 714. The chart 710 may also include depth readings
and/or contour lines, such as may be pre-stored and/or may be updated based on various
incoming data (e.g., tidal data, sonar data, satellite data, etc.).

[0086] In some embodiments, the system may be configured to operate one or more sonar
transducer assemblies associated with the watercraft. For example, the system may be
configured to operate one or more arrays of a plurality of sonar transducer elements, such as
from the sonar transducer assembly 602 shown in FIG. 5. Accordingly, the system may cause
one or more sonar transducer assemblies associated with the watercraft to transmit sonar beams

into the underwater environment and receive sonar returns therefrom (forming sonar return data).
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Accordingly, the system may be configured to receive the sonar return data, such as from the
operated array. In some embodiments, the system may be configured to generate one or more
sonar images, such as from the received sonar return data. An example sonar image is atwo-
dimensional live sonar image, such as shown in and described with respect to FIG. 9. Notably,
any type of sonar transducer assembly and corresponding sonar image is contemplated by
various embodiments of the present invention.

[0087] In some embodiments, the system may be configured to determine the facing
direction of the sonar transducer assembly. In some embodiments, direction data (e.g.,
orientation data, compass data, etc.) may be determined regarding at least one of the watercraft
or the sonar transducer assembly. For example, the relative facing direction of the sonar
transducer assembly with respect to the watercraft may be known and fixed (e.g., forward,
rearward, 10° port of forward, etc.). In that case, the facing direction may be determined by
determining the direction the watercraft is facing and then extracting out the facing direction of
the sonar transducer assembly. In some cases, however, the sonar transducer assembly may have
its own sensor for determining the facing direction (e.g., adirection sensor, GPS, orientation
sensor, etc.) and the facing direction may be determined based on that data. Alternatively, the
facing direction may be determined in other ways, such as being inputted by auser. FIG. 10
illustrates that the sonar transducer assembly utilized to generate the sonar image 740 has a
facing direction FD1 that is aligned with the forward direction of the watercraft. This
corresponds to a sonar beam direction icon 744 that may be presented within the sonar image
740 itself (which illustrates the rel ative direction the sonar beam is facing with respect to the
watercraft at the time of receipt of the sonar returns that resulted in the sonar image).

[0088] In some embodiments, the system is configured to cause, on the display, presentation
of the sonar image in the facing direction on the chart and relative to the representation of the
watercraft. Inthisregard, the sonar image is presented in the facing direction on the chart so as
to provide live sonar imagery on the chart to visually provide arelationship between objects
within the live sonar imagery and a real-world position of the objects. Referring to FIG. 10, the
sonar image 740 is presented in the facing direction FD1 corresponding to the facing direction of
the sonar transducer assembly that was utilized to generate the sonar image 740. Accordingly,
the sonar image 740 extends forward of the representation of the watercraft 711. Additionally,

the angle of coverage 64 corresponds to the overall sonar coverage angle of the sonar beams
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received by the sonar transducer assembly. In the sonar image 740, depth (or distance) readings
are provided (although some sonar images may not include depth or distance readings). In some
embodiments, user input may be provided (such as to the menu 718) to cause presentation of the
sonar image on the chart and/or other functionality.

[0089] In some embodiments, the radial distance of the sonar image (e.g., radial distance
Drs in FIG. 9) may be utilized to adjust the distance Drc the sonar image 740 extends when
presented on the chart 710 such that the presentation of the sonar image 740 on the chart 710
dimensionally corresponds to the actual sonar coverage offered by the sonar transducer
assembly. In some embodiments, the sonar transducer assembly may be aimed to emit sonar
beams in agenerally horizontal plane, such as parallel (or generally parallel) to the surface of the
body of water. Accordingly, the resulting sonar image and the distance measurements therein
(e.g., based on time of flight of the sonar returns) may correlate with real-world distance in the
horizontal plane (e.g., that can beillustrated on the flat chart). Inthisregard, auser can
accurately determine the real-world position of objects visible in the sonar image 740. For
example, the user may be able to tell that there is a sunken boat off to the forward and starboard
side and may even be able to utilize real-world markers (such as noted in the chart — e.g., a buoy)
to mentally envision or determine the position of the sunken boat.

[0090] In some embodiments, the sonar image may be generated and/or presented to remove
any unnecessary or unused space (e.g., So asto not detract from the view of the chart itself). For
example, the blank corners 723a, 723b of the sonar image 720 may be removed prior to
presentation of the sonar image on the chart. In thisregard, only the active sonar imagery is
shown on the chart. 1n some embodiments, only a portion of the sonar image may be shown
depending on the desired view (e.g., to form a certain view angle for example).

[009]] As noted above, in some embodiments, the sonar image may be a live sonar image.

In this regard, in some such embodiments, the sonar image 740 may be updated in real-time
while being presented on the chart.

[0092] In addition to making it easier to determine real-world positions of objects within the
sonar image, utilizing this feature enables a reduction of the number of images that are displayed
(e.g., anormal split-screen chart and sonar view may be replaced with asingle larger chart view
with the sonar image presented thereon). In some embodiments, various navigation and other

chart features may be presented along with the sonar image on the chart.
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[0093] In some embodiments, the relative position of the sonar transducer on the watercraft
may be accounted for when forming and/or presenting the sonar image. In thisregard, a sonar
image from a sonar transducer assembly positioned near the front of the watercraft (e.g.,
mounted to the front of the watercraft, mounted to a trolling motor positioned on the front of the
watercraft, etc.) may extend from a point on the representation of the watercraft near the front.
Likewise, a sonar image from a sonar transducer assembly positioned near the rear of the
watercraft (e.g., mounted to the rear of the watercraft, mounted to atrolling motor positioned on
the rear of the watercraft, etc.) may extend from a point on the representation of the watercraft
near the rear. Other relative positions are also contemplated. In some embodiments, position
data associated with the sonar transducer assembly may be utilized directly form the sonar
transducer assembly (e.g., as opposed to from the watercraft) to determine where to position the
sonar image on the chart. In some embodiments, the relative position of the sonar transducer on
the watercraft may be known (or inputted), which can be used to position the sonar image on the
chart relative to the representation of the watercraft.

[0094] In some embodiments, the system may account for the zoom level of the chart when
determining and/or presenting the sonar image. For example, with reference to FIG. 11, the
chart 710" has been zoomed in on. Accordingly, the relative size of the representation of the
watercraft 711 has increased — such as with respect to that shown in FIG. 10. Additionally, the
system has adjusted the relative size of the sonar image 740 to align with the increased zoom
level. Inthisregard, the sonar image 740 has a corresponding increased distance Drc on the
chart 710'.

[0095] In some embodiments, the sonar transducer assembly may be rotatable with respect to
the watercraft. For example, the sonar transducer assembly may be mounted to atrolling motor
that is rotatable with respect to the watercraft. As another example, the sonar transducer
assembly may be mounted to arod or directly mounted to the watercraft in a manner that enables
rotation (e.g., manually and/or mechanically). In some such embodiments, it may be desirable to
provide adirection sensor (e.g., direction sensor, orientation sensor, etc.) with the sonar
transducer assembly to enable detection of the facing direction of the sonar transducer assembly.
Accordingly, in some embodiments, the system may be configured to re-orient the sonar image
(such as with respect to the watercraft) based on the current facing direction. For example, FIG.

12 illustrates a new sonar image 741 that has rotated (e.g., dong arrow C) along with the sonar
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transducer assembly with respect to the watercraft. In thisregard, the sonar image is extending
off to the port side of the representation of the watercraft 711 with anew facing direction FD>
while the watercraft is still in the watercraft facing direction WD.

[0096] In some embodiments, the system may be configured to leave presentation of a
historical (past) sonar image on the chart while still presenting the current sonar image. In this
regard, the user may build-up the sonar imagery. This may be useful for more fully mapping the
underwater environment. Similarly, in the instance in which the sonar transducer assembly is
rotatable with respect to the watercraft, the user may build up adesired view, such as a 360°
view. Asan example, FIG. 13 illustrates the presentation of the prior sonar image 740 (facing
forward with respect to the watercraft) and the current sonar image 741 (facing in the direction
FD>). By leaving up the prior sonar image 740, the user has aview of sonar imagery of a greater
volume of the underwater environment around the watercraft (and the prior sonar imagery may
not be that old — e.g., generated afew seconds prior). If the user continues to rotate the sonar
transducer assembly (or the sonar transducer assembly may be automatically rotated, such as
according to a scan pattern), a 360° view may be acquired (although other scan patterns and
views are contemplated).

[0097] In some embodiments, the prior sonar images may be atered, such as to distinguish
them from the current sonar image. For example, as time passes with the sonar image on the
screen, it may fade away (e.g., become more and more transparent). In some embodiments, one
or more time thresholds could be passed to cause the sonar image to change transparency. In
some embodiments, the transparency could gradually change as time passes — increasing until it
isno longer visible. Asan example, FIG. 14 illustrates that the prior sonar image (now 740') has
faded with respect to the current sonar image 741. Additionally or alternatively, other
visualization distinguishing features may be utilized (e.g., different colors, different color
patterns, different sizes, etc.) and/or other reasons to distinguish the images (e.g., besides passage
of time) may be utilized (e.g., selection by the user).

[0098] In some embodiments, the system may include one or more additional sonar
transducer assemblies or arrays. Such additional sonar transducer assemblies or arrays may be
formed of any configuration of sonar transducer elements. For example, the watercraft may
include other types of sonar transducer assemblies, such as downscan transducer elements

(traditional and/or linear), sidescan transducer elements, or other arrays of transducer elements.
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In some embodiments, the system may be configured to generate and present corresponding
sonar images on the chart, such asin the proper orientation and at the proper location. In some
embodiments, multiple sonar images may be presented on the chart simultaneously.

[0099] In some embodiments, the additional sonar transducer assemblies or arrays may be
aimed in adifferent facing direction than the first sonar transducer assembly. In some such
embodiments, the multiple sonar images may be presented on the chart at the same time, thereby
providing a composite sonar image that covers alarge section of the chart (and the underwater
environment). For example, afirst sonar image may define afirst coverage area (with afirst
overall coverage angle) in ahorizontal plane extending outwardly from the watercraft and a
second sonar image may define a second coverage area (with a second overall coverage angle) in
the horizontal plane extending outwardly from the watercraft, where the first coverage areais
different than the second coverage area. In some embodiments, the coverage areas may be
configured so as to not overlap.

[00100] In some embodiments, the multiple sonar transducer assemblies or arrays may be
positioned (e.g., and mounted) and aimed to coordinate together to form a desirable coverage
area. For example, two sonar transducer assemblies with a similar configuration may be aimed
in different facing directions, but be compliments to each other such that the two sonar coverage
areas are positioned to form a continuous composite sonar coverage area. Such a continuous
composite sonar coverage area may, for example, cover an angle range extending from the
watercraft (e.g., 240°, 360°, or some other degree range). For example, FIG. 15 illustrates a chart
790 being presented on adisplay 705. A representation of the watercraft 711 is presented and is
oriented in adirection WD. A first sonar transducer assembly isaimed in afirst facing direction
FD3 off to the port side of the watercraft and is used to generate the first sonar image 792, which
is presented on the chart. A second sonar transducer assembly is aimed in a second facing
direction FD4 off to the starboard side of the watercraft and is used to generate the second sonar
image 793, which is presented on the chart. Notably, each sonar image has a sonar coverage
angle of about 135°. Accordingly, the sonar transducer assemblies are aimed such that the right
side of the first sonar image 792 abuts the left side of the second sonar image 793, which aso
happens to be occurring in the direction the watercraft is facing WD. Thisforms a sonar
coverage angle of 270° around the watercraft. Notably, in the illustrated embodiment, the sonar

image provides live sonar imagery, giving the user alive imagein alarge coverage area around
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the watercraft. In some embodiments, the two sonar transducer assemblies may be rotatable with
respect to the watercraft to enable rotation of the sonar image on the chart (as described above).
In some embodiments, one or more of the sonar transducer assemblies may be independently
rotatable to enable greater flexibility in sonar coverage, such as via user control and/or according
to automatic scan patterns.

[00101] In some embodiments, the sonar system may be designed to provide 360° coverage
around the watercraft. For example, multiple arrays and/or multiple sonar transducer assemblies
may be arranged in appropriate facing directions and have appropriate sonar coverage to enable
the full 360° view. In some examples, the resulting sonar image may include live sonar imagery
over the entire coverage area. Additionally or aternatively, as described herein, in some
embodiments, the 360 sonar image may be built up as the one or more sonar transducer
assemblies or arrays rotate about the watercraft. FIG. 16 illustrates an example sonar image 798
that provides 360° sonar coverage around the watercraft.

[00102] In some embodiments, the system may be configured to determine a position of an
object within sonar imagery and present an indication of the object in the relative position within
the sonar image (e.g., highlight the object, present atrail of movement of the object, etc.). Inthis
regard, the system may be configured to provide a user with area-world position indication of
an object that is presented in the sonar imagery.

[00103] In some embodiments, the system may be configured to determine an object within
sonar imagery. For example, auser may select the representation of the object within the sonar
imagery (e.g., select afish in the sonar image — although other objects are contemplated, such as
structure, fish schools, etc.). Additionally or aternatively, the system may select the object, such
as based on various criteria (e.g., signa strength, clustering of sonar returns, etc.).

[00104] Once determined, the system may be configured to determine the position of the
object within the sonar image. In some embodiments, determining the position of the object
within the sonar image may include filtering or other processing to determine the object and its
corresponding position (e.g., distance from the transducer, angle, etc.). Then, the corresponding
pixel location within the sonar image may be determined. Such position determination may
occur using various different datainputs. For example, the subject sonar transducer may enable
such adetermination (e.g., using a sonar transducer array and interferometry, beamforming, etc.).

Additionally or aternatively, other sonar transducers or data sources may be utilized. In some
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embodiments, stored data may be used to determine a position of an object within the sonar
image.

[00105] The system may then be configured to present an indicator within the sonar image
corresponding to the object. For example, FIG. 17 includes an indicator 782 of acircle around
the object within the sonar image 740. In such an example, if the indicator 275 correspondsto a
fish, the user would know that the object was in the general forward and slightly starboard side
of the watercraft and within about 18 feet of the watercraft. While the illustrated embodiment
provides a circle as the indicator, other indicators are contemplated for presentation. For
example, highlighting, afish icon, coloring, transparency, or other image alterations may be
presented instead of or in addition to acircle.

[00106] In some embodiments, the system may be configured to track the object as additional
sonar datais captured. Inthisregard, in some embodiments, the indicator may move around
with the object as the object moves within the sonar image (or the sonar image position moves
with respect to the object). 1n some embodiments, the system may be configured to present the
indicator as atrail that shows historical positions of the object in the real-world. In thisregard,
the position of the object on the chart may be maintained in memory as new sonar imagery is
acquired. Accordingly, thetrail may provide an indication of those positions over a period time.
Various configurations of the trail feature may be customized (e.g., the number of objects for
including trails, the length of the period of time for presentation of thetrail, how the trail is
presented, etc.). FIG. 18 illustrates an example trail 783 showing historical positions of the
object on the chart 710" extending from the current position of the object 784 within the sonar

image 740.

Example Architecture

[00107] FIG. 19 illustrates a block diagram of an example system 400 according to various
embodiments of the present invention described herein. The illustrated system 400 includes a
marine electronic device 405. The system 400 may comprise numerous marine devices. As
shown in FIG. 19, one or more sonar transducer assemblies 462 may be provided. A radar 456, a
rudder 457, a primary motor 458, atrolling motor 459, and additional sensors/devices 460 may
also be provided as marine devices, but other marine devices may be provided aswell. One or

more marine devices may be implemented on the marine electronic device 405. For example, a
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position sensor 445, a direction sensor 448, an autopilot 450, and other sensors 452 may be
provided within the marine electronic device 405. These marine devices can be integrated within
the marine electronic device 405, integrated on a watercraft at another location and connected to
the marine electronic device 405, and/or the marine devices may be implemented at aremote
device 454 in some embodiments. The system 400 may include any number of different
systems, modules, or components; each of which may comprise any device or means embodied
in either hardware, software, or a combination of hardware and software configured to perform
one or more corresponding functions described herein.

[00108] The marine electronic device 405 may include at least one processor 410, a memory
420, acommunication interface 430, a user interface 435, a display 440, autopilot 450, and one
Or more sensors (e.g. position sensor 445, direction sensor 448, other sensors 452). One or more
of the components of the marine electronic device 405 may be located within a housing or could
be separated into multiple different housings (e.g., be remotely located).

[00109] The processor(s) 410 may be any means configured to execute various programmed
operations or instructions stored in amemory device (e.g., memory 420) 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 at |east one processor 410 as described herein. For example, the at |east one
processor 410 may be configured to analyze sonar return data for various features/functions
described herein (e.g., generate a sonar image, determine an object and/or object position, etc.).
[00110] In some embodiments, the at least one processor 410 may be further configured to
implement signal processing. In some embodiments, the at least one processor 410 may be
configured to perform enhancement features to improve the display characteristics of 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. The at
least one processor 410 may further implement notices and alarms, such as those determined or
adjusted by a user, to reflect proximity of other objects (e.g., represented in sonar data), to reflect
proximity of other vehicles (e.g. watercraft), approaching storms, etc.
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[00111] In an example embodiment, the memory 420 may include one or more non-transitory
storage or memory devices such as, for example, volatile and/or non-volatile memory that may
be either fixed or removable. The memory 420 may be configured to store instructions, computer
program code, sonar data, and additional data such as radar data, chart data, |ocation/position
datain a non-transitory computer readable medium for use, such as by the at |east one processor
410 for enabling the marine electronic device 405 to carry out various functions in accordance
with example embodiments of the present invention. For example, the memory 420 could be
configured to buffer input data for processing by the at least one processor 410. Additionally or
aternatively, the memory 420 could be configured to store instructions for execution by the at
least one processor 410.

[00112] The communication interface 430 may be configured to enable communication to
external systems (e.g. an external network 402). In this manner, the marine electronic device
405 may retrieve stored data from a remote device 454 via the external network 402 in addition
to or as an alternative to the onboard memory 420. Additionally or aternatively, the marine
electronic device 405 may transmit or receive data, such as sonar signal data, sonar return data,
sonar image data, or the like to or from a sonar transducer assembly 462. In some embodi ments,
the marine electronic device 405 may also be configured to communicate with other devices or
systems (such as through the external network 402 or through other communication networks,
such as described herein). For example, the marine electronic device 405 may communicate
with a propulsion system of the watercraft 100 (e.g., for autopilot control); aremote device (e.g.,
auser’s mobile device, a handheld remote, etc.); or another system. Using the external network
402, the marine electronic device may communicate with and send and receive data with external
sources such as acloud, server, etc. The marine electronic device may send and receive various
types of data. For example, the system may receive weather data, data from other fish locator
applications, alert data, among others. However, this datais not required to be communicated
using external network 402, and the data may instead be communicated using other approaches,
such as through a physical or wireless connection via the communications interface 430.

[00113] The communications interface 430 of the marine electronic device 405 may aso
include one or more communications modules configured to communicate with one another in
any of anumber of different mannersincluding, for example, viaanetwork. Inthisregard, the

communications interface 430 may include any of a number of different communication
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backbones or frameworks including, for example, Ethernet, the NMEA 2000 framework, GPS,
cellular, Wi-Fi, or other suitable networks. The network may also support other data sources,
including GPS, autopilot, engine data, compass, radar, etc. In thisregard, numerous other
peripheral devices (including other marine electronic devices or sonar transducer assemblies)
may be included in the system 400.

[00114] The position sensor 445 may be configured to determine the current position and/or
location of the marine electronic device 405 (and/or the watercraft 100). For example, the
position sensor 445 may comprise a GPS, bottom contour, inertial navigation system, such as
machined electromagnetic sensor (MEMS), aring laser gyroscope, or other location detection
system. Alternatively or in addition to determining the location of the marine electronic device
405 or the watercraft 100, the position sensor 445 may also be configured to determine the
position and/or orientation of an object outside of the watercraft 100.

[00115] Thedisplay 440 (e.g. one or more screens) may be configured to present images and
may include or otherwise be in communication with a user interface 435 configured to receive
input from a user. The display 440 may be, for example, a conventional LCD (liquid crystal
display), atouch screen display, mobile device, or any other suitable display known in the art
upon which images may be displayed.

[00116] In some embodiments, the display 440 may present one or more sets of data (or
images generated from the one or more sets of data). Such dataincludes chart data, radar data,
sonar data, weather data, location data, position data, orientation data, sonar data, or any other
type of information relevant to the watercraft. Sonar data may be received from one or more
sonar transducer assemblies 462 or from sonar devices positioned at other locations, such as
remote from the watercraft. Additional data may be received from marine devices such asa
radar 456, a primary motor 458 or an associated sensor, atrolling motor 459 or an associated
sensor, an autopilot, arudder 457 or an associated sensor, a position sensor 445, a direction
sensor 448, other sensors 452, a remote device 454, onboard memory 420 (e.g., stored chart data,
historical data, etc.), or other devices.

[00117] In some further embodiments, various sets of data, referred to above, may be
superimposed or overlaid onto one another. For example, aroute may be applied to (or overlaid

onto) achart (e.g. amap or navigational chart). Additionally or alternatively, depth information,



weather information, radar information, sonar information, or any other navigation system inputs
may be applied to one another.

[00118] Theuser interface 435 may include, for example, a keyboard, keypad, function keys,
mouse, scrolling device, input/output ports, touch screen, or any other mechanism by which a
user may interface with the system.

[00119] Although the display 440 of FIG. 19 is shown as being directly connected to the at
least one processor 410 and within the marine electronic device 405, the display 440 could
aternatively be remote from the at least one processor 410 and/or marine electronic device 405.
Likewise, in some embodiments, the position sensor 445 and/or user interface 435 could be
remote from the marine electronic device 405.

[00120] The marine electronic device 405 may include one or more other sensors/devices 452,
such as configured to measure or sense various other conditions. The other sensors/devices 452
may include, for example, an air temperature sensor, a water temperature sensor, a current
sensor, alight sensor, awind sensor, a speed sensor, or the like.

[00121] The sonar transducer assemblies 462 illustrated in FIG. 19 may include one or more
sonar transducer array(s) and/or elements 467, such as described herein. In some embodiments,
additional separate sonar transducer elements (arranged to operate alone, in an array, or
otherwise) may be included. The sonar transducer assemblies 462 may also include a sonar
signal processor or other processor (athough not shown) configured to perform various sonar
processing. In some embodiments, the processor (e.g., a least one processor 410 in the marine
electronic device 405, a controller (or processor portion) in the sonar transducer assemblies 462,
or aremote controller — or combinations thereof) may be configured to filter sonar return data
and/or selectively control transducer element(s) 467. For example, various processing devices
(e.g., amultiplexer, a spectrum analyzer, A-to-D converter, etc.) may be utilized in controlling or
filtering sonar return data and/or transmission of sonar signals from the transducer element(s)
467.

[00122] The sonar transducer assemblies 462 may also include one or more other systems,
such as various sensor(s) 466. For example, the sonar transducer assembly 362 may include an
orientation sensor, such as gyroscope or other orientation sensor (e.g., accelerometer, MEMS,
direction, etc.) that can be configured to determine the relative orientation and/or direction of the

sonar transducer assembly 462 and/or the one or more sonar transducer array(s) and/or
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element(s) 467 — such as with respect to the watercraft. In some embodiments, additionally or
aternatively, other types of sensor(s) are contemplated, such as, for example, awater
temperature sensor, a current sensor, alight sensor, awind sensor, a speed sensor, or the like.
[00123] The components presented in FIG. 19 may be rearranged to alter the connections
between components. For example, in some embodiments, a marine device outside of the
marine electronic device 405, such as the radar 456, may be directly connected to the at least one
processor 410 rather than being connected to the communication interface 430. Additionally,
sensors and devices implemented within the marine electronic device 405 may be directly
connected to the communications interface in some embodi ments rather than being directly

connected to the at least one processor 410.

Example Flowchart(s) and Operations

[00124] Some embodiments of the present invention provide methods, apparatus, and
computer program products related to the presentation of information according to various
embodiments described herein. Various examples of the operations performed in accordance
with embodiments of the present invention will now be provided with reference to FIG. 20. FIG.
20 presents a flowchart with example method(s) of presenting a sonar image over a chart
according to various embodiments described herein. These methods may be performed by a
wide variety of components, including, but not limited to, one or more processors, one or more
microprocessors, and one or more controllers. In some embodiments, a marine electronic device
405 (FIG. 19) may comprise one or more processors that perform the functions shown in FIG.
20. Further, these methods may be provided on a piece of software which runs on a central
server that is at aremote location away from the watercraft, and the remote server may
communicate with a processor or asimilar component on the watercraft. Additionally, the
methods could be integrated into a software update that may be installed onto existing hardware,
or the methods may be integrated into the initial software or hardware provided in aradar unit,
watercraft, server, etc.

[00125] FIG. 20 isaflowchart of an example method 800 for presenting a sonar image over a
chart, in accordance with some embodiments discussed herein. The operationsillustrated in and
described with respect to FIG. 20 may, for example, be performed by, with the assistance of,

and/or under the control of one or more of the processor 410, memory 420, communication
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interface 430, user interface 435, position sensor 445, direction sensor 448, other sensor 452,
autopilot 450, transducer assembly 462, 462’ , 462", display 440, radar 456, rudder 457, primary
motor 458, trolling motor 459, additiona sensors 460, and/or external network 402/remote
device 454.

[00126] At operation 802, the method comprises causing presentation of a chart, including a
representation of the watercraft at a current location within the chart. At operation 804, the
method comprises operating an array of a plurality of elements of one or more transducer
assemblies. At operation 806, the method comprises receiving sonar return data from the one or
more transducer assemblies. At operation 808, the method comprises generating a sonar image,
such as alive sonar image. Then, at operation 810, the method comprises determining afacing
direction corresponding to the one or more transducer assemblies and/or the sonar image. At
operation 812, the method comprises causing presentation of the sonar image on the chart ina
facing direction at the current location for the watercraft.

[00127]  In some embodiments, the method comprises, at operation 814, updating the sonar
image.

[00128] In some embodiments, at operation 816, the method comprises causing presentation
of an object indicator within the sonar image (which may include determining the object and/or
tracking the object).

[00129] FIG. 20 illustrates a flowchart of a system, method, and computer program product
according to various example embodiments. It will be understood that each block of the
flowcharts, and combinations of blocks in the flowcharts, 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 420
and executed by, for example, the processor 410. Aswill be appreciated, any such computer
program product may be loaded onto a computer or other programmable apparatus (for example,
amarine el ectronic device 405) to produce a machine, such that the computer program product
including the instructions which execute on the computer or other programmabl e apparatus

creates means for implementing the functions specified in the flowchart block(s). Further, the
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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,
amarine electronic device 405) 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 programmabl e apparatus implement the

functions specified in the flowchart block(s).

Conclusion
[00130] 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 isto
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, athough the foregoing descriptions and
the associated drawings describe example embodi ments 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 thisregard, for example, different combinations of elements
and/or functions than those explicitly described above are aso 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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THAT WHICH IS CLAIMED:

1 A system for presenting marine information, wherein the system comprises:
at least one array of aplurality of sonar transducer elements associated with a watercraft
on abody of water and oriented with an emitting face in afacing direction, wherein the facing
direction is generally outward of the watercraft, wherein the plurality of sonar transducer
elements are configured to transmit one or more sonar beams into the underwater environment,
wherein the plurality of sonar transducer elements are configured to operate at a fixed phase shift
and vary in frequency so as to beamform multiple sonar return beams;
adisplay;
one or more processors; and
amemory including computer program code configured to, when executed, cause the one
Or more processors to:
cause, on the display, presentation of a chart including at least a portion of the
body of water;
cause, on the display, presentation of arepresentation of the watercraft at a
position on the chart corresponding to a current location of the watercraft;
operate the array to cause the plurality of sonar transducer elements to transmit
the one or more sonar beams into the underwater environment;
receive sonar return data from the plurality of sonar transducer elements of the
array;
filter the sonar return data based on frequency to form the multiple sonar return
beams, wherein each of the multiple sonar return beams provides an angled slice of
coverage extending outward from the emitting face in different directions, and wherein,
when pieced together, the angled slices form a coverage areain a horizonta plane
extending outwardly from the watercraft, wherein the coverage area defines an overall
coverage angle and extends aradial distance outwardly from the emitting face;
generate a sonar image of the underwater environment outward from the
watercraft, wherein the sonar image is atwo-dimensional live sonar image that is formed
of the sonar return data from each of the multiple sonar return beams, and wherein the

sonar return data used to form the two-dimensional live sonar image was received at
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substantially a same time by the plurality of sonar transducer elements, wherein the sonar
return data used to form the two-dimensional live sonar image is updated in real-time;

determine the facing direction; and

cause, on the display, presentation of the sonar image in the facing direction on
the chart and relative to the representation of the watercraft such that the sonar image
extends outwardly from the representation of the watercraft on the chart a distance
dimensionally corresponding to the radial distance of the coverage areato thereby
visualy indicate the real world coverage area of the two-dimensional live sonar image,
wherein the sonar image is presented in the facing direction on the chart so asto visually
provide arelationship between objects within the live sonar imagery and a real-world

position of the objects.

2. The system of claim 1, wherein the computer program code is further configured to,
when executed, cause the one or more processors to:

determine a zoom level of the chart being presented on the display; and

adjust a size of the sonar image based on the zoom level of the chart for presentation of

the sonar image on the chart at the zoom level.

3. The system of claim 1, wherein the overall coverage angle defines an angle within the
range of 90° to 140°.
4, The system of claim 1, wherein the at least one array is afirst array, wherein the sonar

image is afirst sonar image, and wherein the corresponding facing direction of thefirst array isa
first facing direction, wherein the system further includes a second array of a plurality of sonar
transducer elements associated with the watercraft and oriented with a second emitting facein a
second facing direction, wherein the second facing direction is generally outward of the
watercraft and is different than the first facing direction, and wherein the computer program code
is further configured to, when executed, cause the one or more processors to:

operate the second array;

receive second sonar return data from the plurality of sonar transducer elements of

the second array;
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generate a second sonar image of the underwater environment outward from the
watercraft, wherein the second sonar image is a second two-dimensional live sonar image
that isformed of the second sonar return data, and wherein the second sonar return data
used to form the second two-dimensional live sonar image was received at substantially
the same time by the plurality of sonar transducer elements of the second array as the
plurality of sonar transducer elements of the first array;

determine the second facing direction; and

cause, on the display, presentation of the second sonar image in the second facing
direction on the chart and relative to the representation of the watercraft while the first

sonar image is presented on the chart.

5. The system of claim 4, wherein the first sonar image defines afirst coverage areain the
horizontal plane extending outwardly from the watercraft, wherein the first coverage area defines
afirst overall coverage angle, wherein the second sonar image defines a second coverage areain
the horizontal plane extending outwardly from the watercraft, wherein the second coverage area
defines a second overall coverage angle, wherein the first coverage areais different from the

second coverage area such that the first coverage area does not overlap the second coverage area.

6. The system of claim 5, wherein the computer program code is further configured to,
when executed, cause the one or more processors to cause presentation of a plurality of sonar
images on the chart to form a 360° sonar image around the representation of the watercraft,
wherein the plurality of sonar images includes at |east the first sonar image and the second sonar

image.

7. The system of claim 1, wherein the sonar image is afirst sonar image based on sonar
return datareceived at afirst time, wherein the facing direction isafirst facing direction, wherein
the array of aplurality of sonar transducer elementsis rotatable with respect to the watercraft,
wherein the system further comprises a direction sensor configured to sense a direction of the
array, and wherein the computer program code is further configured to, when executed, cause the

OoNne or more processors to:
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operate the array to cause the plurality of sonar transducer elements to transmit one or
more second sonar beams into the underwater environment in a second facing direction at a
second time that is after the first time;

receive second sonar return data from the plurality of sonar transducer elements of the
aray,

generate a second sonar image of the underwater environment outward from the
watercraft, wherein the second sonar image is atwo-dimensional live second sonar image that is
formed of the second sonar return data;

determine, based on sensor data from the direction sensor, the second facing direction;
and

cause, on the display, presentation of the second sonar image in the second facing
direction on the chart and relative to the representation of the watercraft.

8. The system of claim 7, wherein the computer program code is further configured to,
when executed, cause the one or more processors to cause presentation of the first sonar image to

remain on the chart while causing presentation of the second sonar image.

0. The system of claim 8, wherein the computer program code is further configured to,
when executed, cause the one or more processors to cause presentation of the first sonar image to

fade out over aperiod of time while causing presentation of the second sonar image.

10.  Thesystem of claim 1 further comprising a direction sensor configured to sense a
direction of the array, wherein the computer program code is further configured to, when
executed, cause the one or more processors to determine the facing direction based on sensor

data from the direction sensor.

11.  Thesystem of clam 1, wherein the sonar image is presented as an overlay on the chart.

12.  Thesystem of claim 1, wherein the computer program code is further configured to,
when executed, cause the one or more processors to:

determine an object within the sonar image;
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determine a position of the object within the sonar image;

cause, on the display, presentation of an indicator for the object at the position within the
sonar image, wherein the indicator highlights or otherwise indicates the object within the sonar
image;

determine an updated position of the object within the sonar image as the sonar image is
updated based on additional sonar return data being captured; and

cause, on the display, presentation of the indicator at the updated position so as to track
the object within the two-dimensional live sonar image.

13.  Thesystem of claim 1, wherein the emitting face of the array defines awidth and a
length, wherein the length of the emitting face is greater than the width of the emitting face, and
wherein the length of the emitting face extends in afore-to-aft direction of the watercraft,
wherein each of the plurality of sonar transducer elements defines alength and awidth, wherein
the length of each of the plurality of sonar transducer elementsis greater than the width of each
of the plurality of sonar transducer elements, wherein the length of each of the plurality of sonar
transducer elements is perpendicular to the length of the emitting face.

14. A method for presenting marine information, the method comprising:

causing, on adisplay, presentation of a chart including at least a portion of a body of
water;

causing, on the display, presentation of a representation of awatercraft at a position on
the chart corresponding to a current location of the watercraft;

operating at least one array of aplurality of sonar transducer elements to cause the
plurality of sonar transducer elements to transmit one or more sonar beams into an underwater
environment of the body of water, wherein the array is associated with the watercraft and
oriented with an emitting face in afacing direction, wherein the facing direction is generally
outward of the watercraft, wherein the plurality of sonar transducer elements are configured to
transmit one or more sonar beams into the underwater environment, wherein the plurality of
sonar transducer elements are configured to operate at afixed phase shift and vary in frequency
so as to beamform multiple sonar return beams,

receiving sonar return data from the plurality of sonar transducer elements of the array;
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filtering the sonar return data based on frequency to form the multiple sonar return
beams, wherein each of the multiple sonar return beams provides an angled slice of coverage
extending outward from the emitting face in different directions, and wherein, when pieced
together, the angled slices form a coverage areain a horizontal plane extending outwardly from
the watercraft, wherein the coverage area defines an overall coverage angle and extends aradial
distance outwardly from the emitting face;

generating a sonar image of the underwater environment outward from the watercraft,
wherein the sonar image is atwo-dimensional live sonar image that is formed of the sonar return
data from each of the multiple sonar return beams, and wherein the sonar return data used to
form the two-dimensional live sonar image was received at substantially a same time by the
plurality of sonar transducer elements, wherein the sonar return data used to form the two-
dimensional live sonar image is updated in real-time;

determining the facing direction; and

causing, on the display, presentation of the sonar image in the facing direction on the
chart and relative to the representation of the watercraft such that the sonar image extends
outwardly from the representation of the watercraft on the chart a distance dimensionally
corresponding to the radial distance of the coverage areato thereby visually indicate the real
world coverage area of the two-dimensional live sonar image, wherein the sonar imageis
presented in the facing direction on the chart so as to visually provide arelationship between
objects within the live sonar imagery and a real-world position of the objects.

15.  Thesystem of claim 1, substantially as herein described with reference to any

embodiment disclosed.

16.  Themethod of claim 14, substantially as herein described with reference to any

embodiment disclosed.
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