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Plaintiffs Beatbot Technology (USA) Co. Ltd., Deepwater Innovation
Technology (Hong Kong) Limited (f/k/a Xingmai Innovation Technology (Hong
Kong) Limited), and Xingmai Innovation Technology (Suzhou) Co., Ltd.
(collectively, “Beatbot) seeks a declaration that Beatbot does not directly or
indirectly infringe United States Patent Nos. 11,880,207 (“the 207 Patent”);
11,262,766 (“the *766 Patent”); and 11,003,191 (“the 191 Patent”) (collectively,
the “Patents-in-Suit”), either literally or under the doctrine of equivalents, and in
support of its Complaint alleges as follows:

NATURE OF THE ACTION

I. This is an action for a declaratory judgment of noninfringement arising
under the patent laws of the United States, Title 35 of the United States Code.
Beatbot seeks this relief because Defendant Zodiac Pool Systems LLC (“Zodiac”)
has accused Beatbot of infringing the Patents-in-Suit.

2. An immediate, real, and justiciable controversy exists between Beatbot
and Zodiac as to whether the Patents-in-Suit have been infringed by Beatbot.

3. Beatbot is a manufacturer and seller of robotic pool cleaners, such as
Beatbot AquaSense 2 Ultra Robotic Pool Cleaner (“Beatbot Products”).

4. Zodiac through its prior actions and statements has created a
substantial controversy of sufficient immediacy and reality to warrant the issuance
of a declaratory judgment of non-infringement as to whether the Beatbot Products
infringe the Patents-In-Suit, which are attached hereto as Exhibits 1-3.

3. Specifically, by a letter dated July 17, 2025, attached hereto as Exhibit
4, Zodiac, through its counsel, expressly accused Beatbot’s Beatbot Aquasense 2
Ultra Robotic Pool Cleaner of infringing the Patents-in-Suit. In this letter, Zodiac
demanded that Beatbot immediately cease all allegedly infringing conduct and
threatened to “enforce its intellectual property rights” if its demands were not met
within ten business days, creating a substantial, immediate, and real controversy

between the parties. This action is necessary to resolve the controversy created by
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Zodiac’s accusations and threats. Beatbot brings this action to obtain a declaratory
judgment that Beatbot does not infringe at least the claims of the Patents-in-Suit
identified below, directly or indirectly, literally or under the doctrine of equivalents.

THE PARTIES

6. Beatbot Technology (USA) Co. Ltd. is a Texas company having an
address at 7307 Peek Rd., Richmond, Texas, 77407.

7. Deepwater Innovation Technology (Hong Kong) Limited (f/k/a
Xingmai Innovation Technology (Hong Kong) Limited) is a company organized
and existing under the laws of Hong Kong having an address at Flat/Room 185
G/F, Hang Wai Ind Centre, No. 6 Kin Tai St, Tuen Mun Nt, Hong Kong .

8. Xingmai Innovation Technology (Suzhou) Co., Ltd. is a company
organized and existing under the laws of China having an address at 12 F, Bldg. 5,
Tianyun Plaza, No.111, Wusongjiang Ave., Guoxiang St., Wuzhong District,
Suzhou, 215124, Jiangsu, China.

9. On information and belief, Zodiac is a Delaware limited liability
company with its principal place of business at 2882 Whiptail Loop # 100,
Carlsbad, California, 92010.

JURISDICTION AND VENUE

10.  The Court has subject matter jurisdiction over this action pursuant the
Federal Declaratory Judgment Act, 28 U.S.C. §§ 2201 and 2202, and pursuant to 28
U.S.C. §§ 1331 and 1338(a) because this action involves claims arising under the
patent laws of the United States, 35 U.S.C. § 1, et seq. Jurisdiction is also proper
because Beatbot and Zodiac are citizens of different states and the value of the
controversy exceeds $75,000.

11.  Venue is proper in this District pursuant to at least 28 U.S.C.

§ 1391(b), because a substantial part of the events at issue in this action is whether

Beatbot commits acts of infringement in this and other districts in the United States,
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and because Zodiac is subject to the Court’s personal jurisdiction and thus resides
in this District, pursuant to § 1391(c).

12.  The Court’s exercise of jurisdiction over Zodiac will not offend
traditional notions of fair play and substantial justice.

13.  An actual controversy exists between Beatbot and Zodiac because, as
described in the Nature of the Action above, Zodiac through its statements has
created a substantial controversy as to whether the Beatbot Products infringe the
Patents-in-Suit that is of sufficient immediacy and reality to warrant the issuance of
a declaratory judgment as to the controversy.

THE PATENTS-IN-SUIT

14.  OnMay 11, 2021, the U.S. Patent and Trademark Office issued U.S.

Patent No. 11,003,191 (“the *191 Patent”), titled “Pool Cleaning System and

Method to Automatically Clean Surfaces of a Pool Using Images from a Camera”
to assignee Zodiac Pool Systems LLC. A true and correct copy of the 191 Patent
is attached to this Complaint as Exhibit 1. Upon further information and belief,
Zodiac Pool Systems LLC purports to hold by assignment and/or by license all
substantive rights to assert the 191 Patent.

15. On March 1, 2022, the U.S. Patent and Trademark Office issued U.S.
Patent No. 11,262,766 (“the *766 Patent”), titled “Pool Cleaning System and
Method to Automatically Clean Surfaces of a Pool Using Images from a Camera”
to assignee Zodiac Pool Systems LLC. A true and correct copy of the *766 Patent
1s attached to this Complaint as Exhibit 2. Upon further information and belief,
Zodiac Pool Systems LLC purports to hold by assignment and/or by license all
substantive rights to assert the 766 Patent.

16.  On January 23, 2024, the U.S. Patent and Trademark Office issued
U.S. Patent No. 11,880,207 (“the *207 Patent”), titled “Pool Cleaning System and
Method to Automatically Clean Surfaces of a Pool Using Images from a Camera”

to assignee Zodiac Pool Systems LLC. A true and correct copy of the 207 Patent
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is attached to this Complaint as Exhibit 3. Upon further information and belief,
Zodiac Pool Systems LLC purports to hold by assignment and/or by license all
substantive rights to assert the 207 Patent.
COUNT ONE
Non-Infringement of U.S. Patent No. 11,003,191

17.  Beatbot incorporates by reference the preceding allegations of this
Complaint.

18.  Beatbot has not infringed and does not infringe at least claim 1 of the
’191 Patent, either directly or indirectly, literally or under the doctrine of
equivalents, including through its making, use, sale or offer for sale in, or
importation into the United States of the Beatbot Products.

19.  The Beatbot Products also do not perform substantially the same
function, in substantially the way, to obtain substantially the same result as claim 1
of the 191 Patent.

20. By way of example, claim 1 of the *191 Patent is directed to self-
propelled pool cleaner for cleaning debris from a submerged surface of a swimming
pool. See Exhibit 1, Claim 1, at 10:50-65. Claim 1 recites numerous limitations,
including: “at least one camera positioned on or in the body for capturing an image
of at least a first portion of the submerged surface” and ““a controller (1) positioned
on or in the body, (i1) in electronic communication with the at least one camera, and
(i11) configured to generate, in response to the captured image, at least one control
signal to cause movement of the body within the swimming pool to, or away from,
the first portion of the submerged surface.” Id. The Beatbot Products do not
infringe claim 1, at least because they do not practice these claim limitations. For
example, the Beatbot Products do not include “at least one camera positioned on or
in the body for capturing an image of at least a first portion of the submerged

surface” or “a controller (i) positioned on or in the body, (i) in electronic

communication with the at least one camera, and (ii1) configured to generate, in
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response to the captured image, at least one control signal to cause movement of the
body within the swimming pool to, or away from, the first portion of the submerged
surface” as recited in claim 1.

21.  Accordingly, at least for the above reasons, Beatbot does not directly
infringe at least claim 1 of the *191 Patent, either literally or under the doctrine of
equivalents, because the Beatbot Products do not practice all elements of that claim.

22. Beatbot also does not indirectly infringe the *191 Patent for at least the
reasons stated above and because there is no direct infringement of the *191 Patent,
either literally or under the doctrine of equivalents.

23.  As set forth above, an actual controversy exists between Beatbot and
Zodiac with respect to alleged infringement of the *191 Patent, and this controversy
is likely to continue. Accordingly, Beatbot desires a judicial determination and
declaration of the respective rights and duties of the parties with respect to the 191
Patent.

24. A judicial declaration is necessary and appropriate so that Beatbot may
ascertain its rights regarding the claims of the 191 Patent.

COUNT TWO
Non-Infringement of U.S. Patent No. 11,262,766

25. Beatbot incorporates by reference the preceding allegations of this
Complaint.

26. Beatbot has not infringed and does not infringe at least claim 1 of the
’766 Patent, either directly or indirectly, literally or under the doctrine of
equivalents, including through its making, use, sale or offer for sale in, or
importation into the United States of the Beatbot Products.

27.  The Beatbot Products also do not perform substantially the same
function, in substantially the way, to obtain substantially the same result as claim 1

of the >766 Patent.
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28. By way of example, claim 1 of the 766 Patent is directed to a self-
propelled pool cleaner for cleaning debris from a submerged surface of a swimming
pool. See Exhibit 2, claim 1, at 10:47—62. Claim 1 recites numerous limitations,
including: “at least one camera mounted directly or indirectly to the body for
capturing an image of at least a first portion of the submerged surface” and “a
controller (i) positioned on or in the body, (ii) in electronic communication with the
at least one camera, and (iii) configured to generate, in response to the captured
image, at least one control signal to cause movement of the body within the
swimming pool to, or away from, the first portion of the submerged surface.” Id.
The Beatbot Products do not infringe claim 1, at least because they do not practice
these claim limitations. For example, the Beatbot Products do not include “at least
one camera mounted directly or indirectly to the body for capturing an image of at
least a first portion of the submerged surface” or “a controller (i) positioned on or in
the body, (i1) in electronic communication with the at least one camera, and (iii)
configured to generate, in response to the captured image, at least one control signal
to cause movement of the body within the swimming pool to, or away from, the
first portion of the submerged surface,” as required in claim 1. Beatbot also does
not infringe the other claims of the 766 Patent.

29.  Accordingly, at least for the above reasons, Beatbot does not directly
infringe the claims of the *766 Patent, either literally or under the doctrine of
equivalents, because the Beatbot Products do not practice all elements of those
claims.

30. Beatbot also does not indirectly infringe the 766 Patent for at least the
reasons stated above and because there is no direct infringement of the 766 Patent,
either literally or under the doctrine of equivalents.

31.  As set forth above, an actual controversy exists between Beatbot and

Zodiac with respect to alleged infringement of the 766 Patent, and this controversy

is likely to continue. Accordingly, Beatbot desires a judicial determination and
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declaration of the respective rights and duties of the parties with respect to the 766
Patent.
32. A judicial declaration is necessary and appropriate so that Beatbot may
ascertain its rights regarding the claims of the 766 Patent.
COUNT THREE
Non-Infringement of U.S. Patent No. 11,880,207

33.  Beatbot incorporates by reference the preceding allegations of this
Complaint.

34. Beatbot has not infringed and does not infringe at least claim 1 of the
’207 Patent, either directly or indirectly, literally or under the doctrine of
equivalents, including through its making, use, sale or offer for sale in, or
importation into the United States of the Beatbot Products.

35. The Beatbot Products also do not perform substantially the same
function, in substantially the way, to obtain substantially the same result as claim 1
of the *207 Patent.

36. By way of example, claim 1 of the 207 Patent is directed to a self-
propelled pool cleaning system for cleaning debris from a submerged surface of a
swimming pool. See Exhibit 3, claim 1, at 10:50-64. Claim 1 recites numerous
limitations, including: “at least one camera for capturing an image of at least a first
object within the swimming pool” and “a controller (i) in electronic communication
with the at least one camera and (i1) configured to generate, in response to the
captured image, at least one control signal to cause movement of the body within
the swimming pool to, or away from, the first object.” Id. The Beatbot Products do
not infringe claim 1, at least because they do not practice these claim limitations.
For example, the Beatbot Products do not include ““at least one camera for capturing
an image of at least a first object within the swimming pool” or “a controller (1) in

electronic communication with the at least one camera and (i1) configured to

generate, in response to the captured image, at least one control signal to cause
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movement of the body within the swimming pool to, or away from, the first object”
as required in claim 1. Beatbot also does not infringe the other claims of the 207
Patent.

37.  Accordingly, at least for the above reasons, Beatbot does not directly
infringe the claims of the 207 Patent, either literally or under the doctrine of
equivalents, because the Beatbot Products do not practice all elements of those
claims.

38.  Beatbot also does not indirectly infringe the 207 Patent for at least the
reasons stated above and because there is no direct infringement of the *207 Patent,
either literally or under the doctrine of equivalents.

39.  As set forth above, an actual controversy exists between Beatbot and
Zodiac with respect to alleged infringement of the *207 Patent, and this controversy
1s likely to continue. Accordingly, Beatbot desires a judicial determination and
declaration of the respective rights and duties of the parties with respect to the *207
Patent.

40. A judicial declaration is necessary and appropriate so that Beatbot may
ascertain its rights regarding the claims of the 207 Patent.

PRAYER FOR RELIEF

WHEREFORE, Beatbot respectfully prays for entry of judgment in its favor
and against Zodiac as follows:

A.  Forjudgment that Beatbot has not infringed and does not infringe at
least the identified claims of the Patents-in-Suit, directly or indirectly, literally or
under the doctrine of equivalents, by the making, using, selling, offering to sell,
and/or importing of the Beatbot Products;

B.  For a preliminary and permanent injunction precluding Zodiac, its
officers, directors, employees, agents, and all other persons acting in concert or

participation with them from suing for infringement or otherwise asserting

infringement of the Patents-in-Suit against Beatbot;
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C.  For costs and reasonable attorneys’ fees incurred in connection with
this and related actions;
D.  For a finding that this case is exceptional; and
E.  Awarding any other remedy or relief to which Beatbot may be entitled
and which is deemed appropriate by the Court.
DEMAND FOR JURY TRIAL
Pursuant to Rule 38(b) of the Federal Rules of Civil Procedure, Beatbot

hereby demands a jury trial on all issues so triable.
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1
POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/416,840, filed May 20, 2019 (now allowed),
which is a continuation of U.S. patent application Ser. No.
15/973,983, filed May 8, 2018 (now U.S. Pat. No. 10,338,
599), which is a continuation of U.S. patent application Ser.
No. 15/207,065, filed Jul. 11, 2016 (now U.S. Pat. No.
9,995,051), which is a continuation of U.S. patent applica-
tion Ser. No. 13/545,918, filed Jul. 10, 2012 (now U.S. Pat.
No. 9,388,595), the contents of all of which are incorporated
herein by reference in their entireties.

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result,
automated robotic pool cleaners have been developed. How-
ever, controlling and monitoring such automated robotic
pool cleaners to insure that all portions of the pool surfaces
are satisfactorily cleaned remains a challenge.

SUMMARY OF THE INVENTION

The disadvantages heretofore associated with the prior art
are overcome by the present invention of a pool cleaning
system for cleaning debris from a submerged surface of a
swimming pool comprising: a self-propelled pool cleaner
having rotatably-mounted supports for supporting and guid-
ing the cleaner on the pool surface; a filter configured to
retain the debris collected from the submerged surface of the
swimming pool; an electric motor for enabling the rotation
of the rotatably-mounted supports on the pool surface; at
least one camera to capture imagery of the pool surface; a
controller, in electronic communication with the at least one
camera, to determine a cleanliness characteristic of the pool
surface on which the cleaner has passed based on the camera
imagery and generate a control signal to direct movement of
the cleaner based on the cleanliness characteristic of the pool
surface; and a portable electronic device is configured to
present a graphic on a display, the graphic depicting the
submerged surface of the pool and those portions of the
surface that remain uncleaned as the cleaner traverses the
pool surface.

In one aspect, the at least one camera is carried by the
cleaner. In another aspect, the controller is carried by the
cleaner. In still another aspect, the electric motor is mechani-
cally connected to at least one of the rotatably-mounted
supports.

In yet another aspect, the controller is operable to execute
one or more cleaning programs for cleaning the submerged
surfaces of the pool. In one aspect, the control signal causes
the cleaner to drive in a direction to clean a portion of the
pool surface based on the cleanliness characteristic of the
pool surface. Alternatively, the control signal causes the
cleaner to steer in a direction to clean a portion of the pool
surface based on the cleanliness characteristic of the pool
surface. In another aspect, the control signal causes the
cleaner to drive in a direction to re-clean a portion of the
pool surface over which the cleaner has passed. Alterna-
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tively, the control signal causes the cleaner to steer in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed.

In one aspect, the captured imagery from the at least one
camera is digitally processed by the controller to determine
the cleanliness characteristic of the pool surface. Alterna-
tively, the captured imagery from the at least one camera is
digitally processed by a remote processor to determine the
cleanliness characteristic of the pool surface.

In another aspect, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the dry station includes the
controller. Alternatively, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the controller is located
remotely from the cleaner and the dry station. In still another
aspect, the controller controls electric power provided to the
electric motor.

In one aspect, the control signal causes the cleaner to
move in a direction of a portion of the pool surface to be
cleaned based solely upon signals received from the camera.
In another aspect, the control signal causes the cleaner to
drive in a direction to clean a portion of the pool surface
based on the cleanliness characteristic of the pool surface.
Alternatively, the control signal causes the cleaner to steer in
a direction to clean a portion of the pool surface based on the
cleanliness characteristic of the pool surface. In yet another
aspect, the control signal causes the cleaner to drive in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed. Alternatively, the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an example pool
cleaning system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may
be carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool
22 containing a liquid 24. In particular, pool cleaning system
20 is adapted to clean at least a bottom or floor surface 26
of the pool 22 and possibly to additionally clean surfaces 28
of pool 22. As will be described hereafter, pool cleaning
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system facilitates the control and monitoring of a robotic
pool cleaner to better assure that all portions of pool 22 are
satisfactorily cleaned.

Pool cleaning system 20 comprises vehicle 30, cameras
32 and controller 42. Vehicle 30 comprises an automated
powered device configured to travel adjacent to submerged
or water containing surfaces of pool 20 (such as floor 26
and/or side surfaces 28) while cleaning such surfaces. In one
implementation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw
debris, such as bacterial growth or plant growth, from such
pool surfaces, wherein the drawn liquid containing such
residue or foreign matter is filtered to collect the debris. In
other implementations, vehicle 30 may not collect such
debris, wherein vehicle 30 merely loosens such debris on the
pool surfaces such that the loosened or separated debris may
be subsequently removed using the existing liquid filtering
system of pool 22.

To assist in the loosening of debris, in one implementa-
tion, vehicle 30 may additionally include a chemical dis-
penser to closely apply pool cleaning chemicals to the pool
surfaces as the vehicle 30 traverses such surfaces. In one
implementation, vehicle 30 may additionally or alternatively
include one or more scrubbing members, such as active
(driven) or passive (undriven or idling) brushes, to assist in
the removal of residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may
additionally or alternatively include liquid jets to assist in
the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the sub-
merged pool surfaces using wheels, rollers, tracks or other
surface contacting members powered by a motor and the
like. Such wheels, rollers or tracks may themselves include
the scrubbing members used to clean the surfaces. In one
implementation vehicle 30 may also alternatively be pro-
pelled by means of the vacuum or liquid jets. The vacuum
or liquid jets used for such propulsion nozzle facilitate
loosening of debris for collection by vehicle 30. In other
implementations, vehicle 30 may include other propulsion
mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged
within pool 22. In other implementations, cameras 32
merely capture images of submerged surfaces 26, 28 of pool
22.

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a pre-
defined age, such as a child, is present at pool 22 without a
detected presence of a recognized adult. In another imple-
mentation, cameras 32 may detect the presence of an unau-
thorized person or intruder at pool 22. Identification of the
person may be achieved by an off-site human or computer-
ized monitoring system, wherein signals from cameras 32
are transmitted across a wide area network or may be
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achieved with software of controller 42 which includes
facial recognition or other identification programming.

Because pool cleaning system 20 utilizes pre-existing
cameras 32 provided as part of a security system or shares
the use of cameras 32 with such a home or pool security
system, pool cleaning system 20 is easier to set up, less
complex and less expensive. In other implementations, pool
cleaning system 20 may utilize dedicated cameras 22 inde-
pendent of any cameras associated with a home, facility or
pool security system. In such an alternative system, cameras
32 may be more precisely focused upon pool 22 and surfaces
26, 28 while also including appropriate lenses or modifica-
tions to account for glare, refraction and the like to better
facilitate the capture of surfaces and vehicle 30 which are
submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For pur-
poses of this application, the term “processing unit” shall
mean a presently developed or future developed processing
unit that executes sequences of instructions contained in a
memory. Execution of the sequences of instructions causes
the processing unit to perform steps such as generating
control signals. The instructions may be loaded in a random
access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or
some other persistent storage. In other embodiments, hard
wired circuitry may be used in place of or in combination
with software instructions to implement the functions
described. For example, controller 42 may be embodied as
part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller
is not limited to any specific combination of hardware
circuitry and software, nor to any particular source for the
instructions executed by the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connec-
tion. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless
connection, such as cross a local area network (LAN) or a
wide area network (WAN) such as the Internet. One of
limitation, controller 42 may communicate with vehicle 30
and cameras 32 using a combination of both wired and
wireless communication connections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cam-
eras 32. In one implementation, controller 42 provides the
sole steering directions for vehicle 30 using signals from
cameras 32. Because vehicle 30 is precisely steered under
the control of controller 42, rather than traveling in a random
manner, entire summer surfaces of pool 22 may be more
quickly and efficiently covered and cleaned. Because con-
troller 42 provides the only steering instructions for vehicle
30 and utilizes signals from cameras 32, complex steering
algorithms or codes in either vehicle 30 or controller 42 may
be omitted to reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of pool 22 have been cleaned, that no spots have
been missed. Upon identifying a missed spot, controller 42
utilizes signals from camera 32 to steer vehicle 32 over such
missed portions of surfaces 26, 28. According to one
example, controller 42 not only uses signals from camera 32
to determine whether any portions of surfaces 26, 28 have
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been missed entirely, but to also determine whether any
portions of surfaces 26,28 have been cleaned, but not to a
satisfactory degree or extent. In such circumstances, con-
troller 42 uses signals from cameras 32 to steer vehicle 34
such areas to re-clean such portions until such portions have
been satisfactorily cleaned such that the portions have a
cleanliness characteristic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
components of pool cleaning system 120 which correspond
to components of pool cleaning system 20 are numbered
similarly.

Dry station 46 comprises a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry sta-
tion 46 communicates with vehicle 30 in a wired fashion. In
such an implementation, dry station 46 further provides
electrical power to vehicle 30 in a wired fashion. Dry station
46 communicates with cameras 32 and either a wired or
wireless fashion.

Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one
implementation, display 50 is utilized by pool cleaning
system 120 and a controller 42 to present a graphical
depiction of those portions of surfaces 26, 28 of pool 22 have
not been satisfactorily cleaned so as to satisty a predefined
cleanliness characteristic threshold. Such portions may com-
prise portions that have been completely missed by vehicle
30 as well as those portions that have been covered by
vehicle 30 but have not been satisfactorily cleaned with the
given number of passes of vehicle 30 or the existing cleaning
settings of vehicle 30. The graphical depiction presented on
display 50 enables a person view the quality of the prior
cleaning session and to input commands causing controller
42 to generate control signals using signals from camera 32
to steer vehicle 30 back to such identified portions where
such portions may be cleaned at the same or elevated
cleaning aggressiveness settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to
visually determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system
20. Pool cleaning system 220 is similar to pool cleaning
system 20 except that pool cleaning system 220 additionally
comprises dry station 246, display 50, and remote server
254. Those remaining components of pool cleaning system
220 which correspond to components of pool cleaning
system 20 or pool cleaning system 120 are numbered
similarly.
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Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
comprise a wide area network, such as the Internet. For
example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246
may communicate across a local area network to controller
42. In another implementation, dry station 246 may com-
municate through a router, across a local area network, to a
local modem which communicates across a network 260.
The example illustrated, dry station 246 further provides
part of vehicle 30 across a wired cable or wired connection.
Display 50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from
cameras 32, controller 42 generates control signals which
are transmitted back across network 260 and through dry
station 246 to vehicle 30 to steer vehicle 30.

As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon
signals from cameras 32 transmitted across dry station 246
of system 320. In such an implementation, the cost and
complexity of pool cleaning system 220 is reduced since
controller 42 is remotely provided at remote server 254
which services multiple pool cleaning systems 220,320.
Upgrades to controller 42 and its software are also more
easily achieved for all pool cleaning systems to 20, 320 and
their pools 22, 222 being serviced. In one implementation,
the supervised cleaning, inspection and possible re-cleaning
facilitated by the use of cameras 32 may be provided as part
of a subscription to users of vehicle 30. In such an imple-
mentation, a pool 22 having security cameras 32 may be
upgraded with appropriate software or an appropriate soft-
ware module added to dry station 246 to make a network
connection with controller 42 which directs the security
cameras 32 to capture vehicle 30 utilizes such signals for
steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pool cleaning
system 120 except that pool cleaning system 420 addition-
ally comprises a portable electronic device 464. Those
remaining components of pool cleaning system 420 which
correspond to components of pool cleaning system 120 are
numbered similarly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such
a portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illus-
trated, PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PED 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard in other
implementations, input 466 may comprise a touchpad, a
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stylus, a microphone with associated speech recognition
software or programming, a touch screen, buttons, switches
and the like. In some implementations, input 466 may
comprise a touch screen incorporated as part of display 468.

Display 468 comprises a user interface by which graphi-
cal or textual data is presented to a user. Display 468 may
present the same or similar information as presented at dry
station 246 by display 50 as described above. In one
implementation, display 468 comprises a liquid crystal
display. In other implementations, display 468 may com-
prise other types of display technology such as a light
emitting diode display, an organic light emitting diode
display (OLED), an electronic ink (e-ink) display or other
types of display technology in present use or developed in
the future. Although system 420 is illustrated as including
controller 422 is part of dry station 46, in some implemen-
tations, controller 42 may alternatively be located as part of
PED 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle
30 of system 420. PED 464 provides a person with a
graphical presentation (described above with respect to
display 50) indicating those portions of surfaces 26, 28 of
pool 22 that have been completed as well as those portions
26, 20 and that remain to be cleaned. The person may also
be provided with a graphical indication of what portions
need to be re-cleaned to meet predetermined cleanliness
thresholds. In the example illustrated, input 466 enables a
person to enter commands or selections which are transmit-
ted across network 260 to controller 42 to adjust operation
of vehicle 30. For example, the path or route of vehicle 30
may be changed, the aggressiveness of the cleaning chemi-
cals or mechanical cleaning devices may be adjusted, the
speed at which vehicle 30 traverses surfaces 26, 28 may be
adjusted. In response to such adjustment signals from PED
464, controller 42 may utilize signals from cameras 32 to
adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system
20. Pool cleaning system 520 is similar to pool cleaning
system 420 except that pool cleaning system 520 addition-
ally comprises a remote server 554. Those remaining com-
ponents of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered
similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which
is in communication with dry station 246 across network
260. Remote server 254 includes controller 42. During
operation, signals from cameras 32 are transmitted across
dry station 246 across network 260 to controller 42 of
remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30. Controller 42 further relays
either the raw signals from camera 32 or image signals
generated based upon signals from cameras 32 to PED 464,
wherein such images (described above) are presented on
display 468. As noted above, PED may further receive
commands through input 466, wherein such commands are
transmitted to controller 42 which generates control signals
that are ultimately transmitted to vehicle 30 for steering
vehicle 30.

As with remote server 254, remote server 554 and net-
work 260 may be shared as part of other pool cleaning
systems 320 (shown in FIG. 3), wherein controller 42
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generates control signals for steering the pool cleaning
vehicle 30 of system 320 based upon signals from cameras
32 transmitted across dry station 246 of system 320. In such
implementations, controller 42 of remote server 554 may
interact with other PEDs 464. In such an implementation,
the cost and complexity of pool cleaning system 220 is
reduced since controller 42 is remotely provided at remote
server 254 which services multiple pool cleaning systems
220, 320. Upgrades to controller 42 and its software are also
more easily achieved for all pool cleaning systems to 20, 320
and their pools 22, 222 being serviced. In one implementa-
tion, the supervised cleaning, inspection and possible re-
cleaning facilitated by the use of cameras 32 may be
provided as part of a subscription to users of vehicle 30. In
such an implementation, a pool 22 having security cameras
32 may be upgraded with appropriate software or an appro-
priate software module added to dry station 246 to make a
network connection with controller 42 which directs the
security cameras 32 to capture vehicle 30 utilizes such
signals for steering vehicle 30. As indicated by broken lines,
in other implementations, the controller 42 for generating
control signals steering vehicle 30 based upon signals from
cameras 32 may alternatively be relocated in PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller
42 obtain such signals from cameras 32 for the surfaces of
pool 22 that have been cleaned. As indicated by step 606,
controller 42 uses information gathered from the signals
from cameras 32 to identify those portions of surfaces 26, 28
not satisfactorily cleaned—mnot satisfying a predefined clean-
liness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely
by vehicle 30 during a pool cleaning session may be
automatically deemed to not satisfy a predetermined clean-
liness characteristic.

As indicated by step 608, based upon such determina-
tions, controller 42 generates control signals resulting in the
presentation of a graphical depiction of those portions of
pool 22 that has not been satisfactorily cleaned. Such
graphical representations or depictions may be presented on
display 50 or display 468. FIGS. 7 and 8 illustrate examples
of graphical depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28
of pool 22 and a second portion 626 representing the floor
26 of pool 22. Graphical depiction 620 further comprises a
moving icon 628 representing the current positioning of
vehicle 30. In one implementation, the path of vehicle 30
may additionally be depicted by icon 628 shown in broken
lines. As shown by FIG. 7, those portions 632 of surfaces 26,
28 of pool 22 (shown in FIG. 1) over which of vehicle 30 has
moved are identified by graphical depiction 620 either by
color, markings or other various distinctive attributes. Like-
wise, those portions 634 of surfaces 26, 28 of pool 22 that
have not been covered by vehicle 30 are identified by a
distinct color col marking or distinctive attribute of depic-
tion 620. As a result, a person may view the current position
of vehicle 30, the extent to which pool 22 has been cleaned
or covered by vehicle 30 and the extent of pool 22 that
remains to be cleaned. In the example illustrated, depiction
620 further identifies those portions 638 of surfaces 26, 28
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that have been cleaned, but which have not been cleaned to
a satisfactory degree or extent. In one implementation,
portions 638 may be identified by colors, brightness, mark-
ings or other visually distinctive attributes that are visually
distinct from both portions 632 and portions 634. In other
implementations, portions 638 may have the same charac-
teristic of portions 634. In yet other implementations, dif-
ferent portions 638 may have different visual attributes
depending upon a degree to which such clean portions have
failed to satisfy the predefined cleanliness characteristic
threshold. In some implementations, different port 638 may
have different visual attributes depending upon different
cleaning strategies that may be recommended for the dif-
ferent portions 638. For example, controller 42 may deter-
mine and recommend a first cleaning strategy (a first chemi-
cal solution jetted at a first rate and scrubbed at a first rate)
with respect to a first portion 638 and may recommend a
second different cleaning strategy (a second chemical solu-
tion jetted at a second rate is about a second rate) with
respect to a second portion 638, wherein the different
cleaning strategies are represented by different visual attri-
butes presented in depiction 620.

FIG. 8 illustrates display 468 presenting a graphical
depiction 720. Graphical depiction 720 comprises a first
graphic 622 having a first portion 624 representing sides or
walls 28 of pool 22 and a second portion 626 representing
the floor 26 of pool 22 (shown in FIG. 1). Graphical
depiction 720 is similar to graphical depiction 620 except
that graphical depiction 720 omits icon 628 presenting
vehicle 30. Like depiction 620, depiction 720 graphically
depicts those portions 632 of surfaces 26, 28 over which
vehicle 30 has traveled while in a cleaning mode. Depiction
720 also visually depicts those portions 634 that have not
been covered by vehicle 30 in the cleaning mode and those
portions 638 over which vehicle 30 has traveled while in the
cleaning mode, but which have not been cleaned to a
satisfactory degree. As illustrated in FIG. 8, different por-
tions 638 may be visibly distinguished from one another
through color, text or markings indicating either differences
in the cleanliness of such portions 638 or indicating different
recommended cleaning strategies or approaches that may be
selected by a person using input 466 when vehicle 30 is
steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of
pool 22, such as portions 638. Such steering may be facili-
tated by using signals from cameras 32. As noted above, in
some implementations, a person may be allowed choose a
cleaning approach for a particular portion 638 using input
466. The selection may be facilitated by visual inspection of
the different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some
implementations, input 466 may additionally be utilized by
a person to prioritize an order in which portions 638 are
re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
power source 831 through a power line or power cable 833
to vehicle 830. In the example illustrated, data communica-
tion and communication of control signals, also occurs
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across wired connections within or alongside the same line
833. In the example illustrated, remote server 554 serves as
a communication link by which upgrades to controller 42
may be implemented across a wide number of pool cleaning
systems and by which information from controller 42 is
conveyed to one or more portable electronic devices 464
across network 260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device. Vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900
provide traction and propulsion for vehicle 30. Vehicle 830
comprises rotating brushes 902 to loosen waterline buildup
and breakdown large debris while power washing jets 904
flush out dirt from pores, seems in corners where brushes
902 may not be able to reach. The loosened dirt and debris
is vacuumed through off-center vacuum ports 906 which
passes the vacuumed debris through internally house filter
bag. In the example illustrated, vehicle 830 further com-
prises rollers 908 which inhibit vehicle 830 from becoming
impeded or stuck on raised drains or pop-up heads. Although
illustrated as being employed with system 820, vehicle 830
may also be utilized with any of systems 20, 120, 220, 320
and 420. In other implementations, other robotic or auto-
mated pool cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
claimed subject matter. For example, although different
example embodiments may have been described as includ-
ing one or more features providing one or more benefits, it
is contemplated that the described features may be inter-
changed with one another or alternatively be combined with
one another in the described example embodiments or in
other alternative embodiments. Because the technology of
the present disclosure is relatively complex, not all changes
in the technology are foreseeable. The present disclosure
described with reference to the example embodiments and
set forth in the following claims is manifestly intended to be
as broad as possible. For example, unless specifically oth-
erwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements.

What is claimed is:
1. A self-propelled pool cleaner for cleaning debris from
a submerged surface of a swimming pool, comprising:

a. a vehicle body;

b. means for moving the vehicle body within the swim-
ming pool;

c. a filter configured to retain debris collected from the
submerged surface;

d. at least one camera positioned on or in the body for
capturing an image of at least a first portion of the
submerged surface; and

e. a controller (i) positioned on or in the body, (ii) in
electronic communication with the at least one camera,
and (iii) configured to generate, in response to the
captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.

2. A system for cleaning debris from a submerged surface

of a swimming pool, comprising:
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a. a self-propelled pool cleaner comprising: a. a self-propelled pool cleaner comprising:
1.a vehicle body; . . o i. a vehicle body;
ii. means for moving the vehicle body within the
swimming pool;
iii. at least one camera positioned on or in the body for 5

ii. means for moving the vehicle body within the
swimming pool;

capturing an image of at least a first portion of the iii. a filter configured to retain debris collected from the
submerged surface; and submerged surface; and

iv. a controller (i) positioned on or in the body, (ii) in iv. at least one camera positioned on or in the body for
electronic communication with the at least one cam- capturing an image of at least a first portion of the
eﬁa, and (iiig gonﬁgured 1to generate, in rlesponsit to . submerged surface; and
the captured image, at feast one control signal, to b. a controller (i) in electronic communication with the at

cause movement of the body within the swimming

pool to, or away from, the first portion of the
submerged surface; and

b. a filter configured to retain debris collected from the

submerged surface by the self-propelled pool cleaner.

3. A system for cleaning debris from a submerged surface

of a swimming pool, comprising: L

least one camera and (ii) configured to generate, in
response to the captured image, at least one control
signal to cause movement of the body within the

15 swimming pool to, or away from, the first portion of the
submerged surface.

Patent Owner Zodiac Pool Systems LLC
Exhibit 2001 - Page 26 of 172



Case 3:25-cv-01946-GPC-JLB  Document 1-3  Filed 07/31/25 PagelD.27 Page 1
of 13

EXHIBIT 2

Patent Owner Zodiac Pool Systems LLC
Exhibit 2001 - Page 27 of 172



e e NN TG AR T W v *
11262766B2

a2 United States Patent

Durvasula et al.

USo

US 11,262,766 B2
*Mar. 1, 2022

@10y Patent No.:
45) Date of Patent:

(54) POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

(71)  Applicant: ZODIAC POOL SYSTEMS LLC,
Carlsbad, CA (US)

(72) Inventors: Kameshwar Durvasula, Garfield, NJ
(US); William Londono Correa,
Bloomfield, NJ (US)

(73) Assignee: ZODIAC POOL SYSTEMS LLC,
Carlsbad, CA (US)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 17/143,624
(22) Filed: Jan. 7, 2021

(65) Prior Publication Data
US 2021/0124366 A1 Apr. 29, 2021

Related U.S. Application Data

(63) Continuation of application No. 16/919,750, filed on
Jul. 2, 2020, now Pat. No. 11,003,191, which is a

(Continued)
(51) Imt. CL
GO05D 1/02 (2020.01)
HO4N 7/18 (2006.01)
(Continued)
(52) US.CL
CPC ........ GO05D 1/0246 (2013.01); E04H 4/1654
(2013.01); GOSD 1/0016 (2013.01);
(Continued)

(58) Field of Classification Search
CPC .. GO5D 1/0246; GOSD 1/0016; GOSD 1/0033;
GO5D 1/0038; GO5D 2201/0203;

(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS

4/1993  Silverman et al.
7/1995 Minami et al.

(Continued)

5,205,174 A
5435031 A

FOREIGN PATENT DOCUMENTS

CN 101139007 3/2008
EP 0687964 12/1995
(Continued)

OTHER PUBLICATIONS

U.S. Appl. No. 13/545,918, Corrected Notice of Allowability, dated
Jun. 8, 2016, 2 pages.

(Continued)

Primary Examiner — Allen C Wong
(74) Attorney, Agent, or Firm — Kilpatrick Townsend &
Stockton LLP

(57) ABSTRACT

A pool cleaning system for cleaning debris from a sub-
merged surface of a swimming pool includes a self-pro-
pelled pool cleaner having rotatably-mounted supports for
supporting and guiding the cleaner on the pool surface; an
electric motor for enabling the rotation of the rotatably-
mounted supports on the pool surface; at least one camera to
capture imagery of the pool surface; a controller, in elec-
tronic communication with the at least one camera, to
determine a cleanliness characteristic of the pool surface on
which the cleaner has passed based on the camera imagery
and generate a control signal to direct movement of the
cleaner based on the cleanliness characteristic of the pool
surface, and a portable electronic device configured to
present a graphic on a display, the graphic depicting the
(Continued)

Patent Owner Zodiac Pool Systems LLC

Exhibit 2001 - Page 28 of 172



(2013.01); HO4N 5/23203 (2013.01); HO4N
7/18 (2013.01); GOSD 2201/0203 (2013.01);
GOG6T 7/001 (2013.01); GO6T 7/90 (2017.01);
GO6T 2207/10024 (2013.01); HO4N 2005/2255
(2013.01)
(58) Field of Classification Search

CPC .... E04H 4/1654; HO4N 5/23203; HO4N 7/18;
HO4N 2005/2255; GO6T 7/90; GO6T
7/001; GO6T 2207/10024
USPC et 348/114

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,507,058 A 4/1996 Minami et al.

5,613,261 A 3/1997 Kawakami et al.

5,886,630 A 3/1999 Menoud

7,123,746 B2  10/2006 Meniere et al.

7,362,351 B2* 4/2008 Meniere ..........coev... GO1V 8/10
348/135

7,398,138 B2 7/2008 Emery et al.

7,993,600 B2 8/2011 Doyle et al.

8,007,653 B2 8/2011 Porat

8,043,070 B2  10/2011 Stiles, Jr. et al.

9,388,595 B2 7/2016 Durvasula et al.

9,995,051 B2 6/2018 Durvasula et al.

7/2019 Durvasula et al.
8/2020 Durvasula et al.
5/2021 Durvasula et al.

10,338,599 B2
10,739,785 B2
11,003,191 B2

Patent Owner Zodiac Pool Systems LLC
Exhibit 2001 - Page 29 of 172

Case 3:25-cv-01946-GPC-JLB Document 1-3  Filed 07/31/25 PagelD.29
of 13
US 11,262,766 B2
Page 2
submerged surface of the pool and those portions of the 2002/0097322 A1 7/2002 Monroe et al.
surface that remain uncleaned as the cleaner traverses the 2004/0025268 Al 2/2004  Porat et al.
1 surface 2004/0040581 Al 3/2004 Bruwer
poo : 2007/0094817 Al 5/2007 Stoltz et al.
. . 2010/0299016 Al  11/2010 Benzler et al.
5 Claims, 4 Drawing Sheets 2011/0049023 Al*  3/2011 Hui ...ccoovvvrvennn. E04H 4/1654
210/91
2011/0091329 Al 4/2011 Stiles, Jr. et al.
2011/0139727 Al*  6/2011 Hui ..oooovvvevvvvirerennn, CO2F 1/688
Related U.S. Application Dat 210749
clated L.5. Application Data 2011/0290707 Al* 12/2011 POrat ccoccocoevvvervee.c. CO2F 1/4674
continuation of application No. 16/416,840, filed on 2011/0301752 Al 122011 Finezilber 210/96.1
May‘ 20, 2019, now .Pat: No. 10,739,785, which is a 5013/0151061 Al 6/2013 Hong ef al.
continuation of application No. 15/973,983, filed on 2013/0152970 Al 6/2013 Porat
May 8, 2018, now Pat. No. 10,338,599, which is a 2013/0269097 Al  10/2013 Alammari
continuation of application No. 15/207,065, filed on 2014/0009748 Al 1/2014 Leonessa et al.
Jul. 11, 2016, now Pat. No. 9,995,051, which is a
continuation of application No. 13/545,918, filed on FOREIGN PATENT DOCUMENTS
Jul. 10, 2012, now Pat. No. 9,388,595. EP 0811432 12/1997
Jp 6162905 3/1986
(51) Int. CL WO 2004019295 3/2004
HO04N 5/232 (2006.01) WO 2009031361 3/2009
EO04H 4/16 (2006.01) WO 2012023676 2/2012
GO5D 1/00 (2006.01) WO WO-2012/023676 A1 * 2/2012 .....ccoo... E04H 4/16
HO4N 5/225 (2006.01) WO WO 2012/023676 A1 * 3/2012 .....ccoo.. E04H 4/16
GO6T 7/90 (2017.01)
GO6T 7/00 (2017.01) OTHER PUBLICATIONS
(52) U.S.CL - .
cPe GOSD 1/0033 (2013.01); GOSD 1/0038 U.S. Appl. No. 13/545,918, Non-Final Office Action, dated Jun. 26,

2015, 17 pages.

U.S. Appl. No. 13/545,918, Notice of Allowability, dated Mar. 9,
2016, 8 pages.

U.S. Appl. No. 13/545,918, Notice of Allowance, dated Dec. 31,
2015, 8 pages.

U.S. Appl. No. 15/207,065, Non-Final Office Action, dated Nov. 6,
2017, 10 pages.

U.S. Appl. No. 15/207,065, Notice of Allowance, dated Feb. 23,
2018, 9 pages.

U.S. Appl. No. 15/973,983, Non-Final Office Action, dated Nov. 6,
2018, 7 pages.

U.S. Appl. No. 15/973,983, Notice of Allowance, dated Mar. 4,
2019, 9 pages.

U.S. Appl. No. 16/416,840, Non-Final Office Action, dated Feb. 28,
2020, 7 pages.

U.S. Appl. No. 16/416,840, Non-Final Office Action, dated Jan. 15,
2020, 9 pages.

U.S. Appl. No. 16/416,840, Notice of Allowability, dated Jun. 30,
2020, 2 pages.

U.S. Appl. No. 16/416,840, Notice of Allowance, dated Apr. 29,
2020, 9 pages.

U.S. Appl. No. 16/919,750, Non-Final Office Action, dated Oct. 6,
2020, 10 pages.

Spain Application No. 2527883, Response to Substantive Exami-
nation, dated May 5, 2016.

Spain Application No. 201331047, Search Report, dated Feb. 3,
2015, 1 page.

U.S. Appl. No. 16/919,750, Notice of Allowance dated Mar. 11,
2021, 10 pages.

* cited by examiner

Page 3



Case 3:25-cv-01946-GPC-JLB  Document 1-3  Filed 07/31/25 PagelD.30

Page 4
of 13

U.S. Patent Mar. 1, 2022 Sheet 1 of 4 US 11,262,766 B2

oo 3

g . 3 ‘
@ O ot

5 FER L
U SRR . S
H

w

nif

#

F2
v

i
&

fi6. 1 | | o

N,
0,5
Fondt
(22
4, 7
et
E2e2
P
H P e
Gnenespad
ol
4
|
sl
2

%,

1
H
H
H

§
;

&

tﬂ%ﬂﬂ%ﬂ#«m
B h
i 4 e
L "
S
.

poe
&5
By

S
i
i W

& prp 146
— H-Chevone - | B F
o, ~8 A‘/*«,,,,,Mgg mf.j "\\§ ¢ - %’éﬁé

PR A

$#T

-3l

N ga

Patent Owner Zodiac Pool Systems LLC
Exhibit 2001 - Page 30 of 172



Case 3:25-cv-01946-GPC-JLB  Document 1-3  Filed 07/31/25 PagelD.31 Page5

of 13
U.S. Patent Mar. 1, 2022 Sheet 2 of 4 US 11,262,766 B2
58 h¥il
L "
Ly T8
{ : TN g;;;
B AR ~CRemion Y M
afeed §% CHERERE
| K 2 §£§ ‘35*5\“*\*““““‘1§§i§
; ke | KL‘gE ¢
§ ¥ R LN
| ok ; K ggj 4
Fi6.5 &
§88
#

GF¥RHICE
POOL CLEANING 1

CAPTURE THAGES 0

GBTAIN SGHALS | 604
F0R CLEANED POOLL
SURFACES

IDENTIFY PORTIONS | 608
NOT SATISFACTORILY 1
CLEANED

PRESEAT CRAPAICAL | 08
DEPICIONOF |/
PORTIONS

S vaigE 1400
SO
IDENTIFIED FORTIONS

FI6.6

Patent Owner Zodiac Pool Systems LLC
Exhibit 2001 - Page 31 of 172



Case 3:25-cv-01946-GPC-JLB Document 1-3  Filed 07/31/25 PagelD.32 Page 6
of 13
U.S. Patent Mar. 1, 2022 Sheet 3 of 4 US 11,262,766 B2
%?é
B0 ggp) PO . 7
Bnn g} s S
4 S s
\\ ; \\\\\\\\\ g »»»» \ '::% \».“"ﬁ{}
K’\\.ﬁw “\»,\,\
NS
N £ ‘“‘ .
5
3 {
T 831
333

Patent Owner Zodiac Pool Systems LLC
Exhibit 2001 - Page 32 of 172



Page 7

PagelD.33

Filed 07/31/25

Document 1-3

Case 3:25-cv-01946-GPC-JLB

of 13

US 11,262,766 B2

Sheet 4 of 4

Mar. 1, 2022

U.S. Patent

2

Patent Owner Zodiac Pool Systems LLC

Exhibit 2001 - Page 33 of 172



Case 3:25-cv-01946-GPC-JLB

Document 1-3

Filed 07/31/25 PagelD.34

of 13

US 11,262,766 B2

1
POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/919,750, filed Jul. 2, 2020, which is a
continuation of U.S. patent application Ser. No. 16/416,840,
filed May 20, 2019 (now U.S. Pat. No. 10,739,785), which
is a continuation of U.S. patent application Ser. No. 15/973,
983, filed May 8, 2018 (now U.S. Pat. No. 10,338,599),
which is a continuation of U.S. patent application Ser. No.
15/207,065, filed Jul. 11, 2016 (now U.S. Pat. No. 9,995,
051), which is a continuation of U.S. patent application Ser.
No. 13/545,918, filed Jul. 10, 2012 (now U.S. Pat. No.
9,388,595), the contents of all of which are incorporated
herein by reference in their entireties.

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result,
automated robotic pool cleaners have been developed. How-
ever, controlling and monitoring such automated robotic
pool cleaners to insure that all portions of the pool surfaces
are satisfactorily cleaned remains a challenge.

SUMMARY OF THE INVENTION

The disadvantages heretofore associated with the prior art
are overcome by the present invention of a pool cleaning
system for cleaning debris from a submerged surface of a
swimming pool comprising: a self-propelled pool cleaner
having rotatably-mounted supports for supporting and guid-
ing the cleaner on the pool surface; a filter configured to
retain the debris collected from the submerged surface of the
swimming pool; an electric motor for enabling the rotation
of the rotatably-mounted supports on the pool surface; at
least one camera to capture imagery of the pool surface; a
controller, in electronic communication with the at least one
camera, to determine a cleanliness characteristic of the pool
surface on which the cleaner has passed based on the camera
imagery and generate a control signal to direct movement of
the cleaner based on the cleanliness characteristic of the pool
surface; and a portable electronic device is configured to
present a graphic on a display, the graphic depicting the
submerged surface of the pool and those portions of the
surface that remain uncleaned as the cleaner traverses the
pool surface.

In one aspect, the at least one camera is carried by the
cleaner. In another aspect, the controller is carried by the
cleaner. In still another aspect, the electric motor is mechani-
cally connected to at least one of the rotatably-mounted
supports.

In yet another aspect, the controller is operable to execute
one or more cleaning programs for cleaning the submerged
surfaces of the pool. In one aspect, the control signal causes
the cleaner to drive in a direction to clean a portion of the
pool surface based on the cleanliness characteristic of the
pool surface. Alternatively, the control signal causes the
cleaner to steer in a direction to clean a portion of the pool
surface based on the cleanliness characteristic of the pool
surface. In another aspect, the control signal causes the
cleaner to drive in a direction to re-clean a portion of the
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pool surface over which the cleaner has passed. Alterna-
tively, the control signal causes the cleaner to steer in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed.

In one aspect, the captured imagery from the at least one
camera is digitally processed by the controller to determine
the cleanliness characteristic of the pool surface. Alterna-
tively, the captured imagery from the at least one camera is
digitally processed by a remote processor to determine the
cleanliness characteristic of the pool surface.

In another aspect, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the dry station includes the
controller. Alternatively, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the controller is located
remotely from the cleaner and the dry station. In still another
aspect, the controller controls electric power provided to the
electric motor.

In one aspect, the control signal causes the cleaner to
move in a direction of a portion of the pool surface to be
cleaned based solely upon signals received from the camera.
In another aspect, the control signal causes the cleaner to
drive in a direction to clean a portion of the pool surface
based on the cleanliness characteristic of the pool surface.
Alternatively, the control signal causes the cleaner to steer in
a direction to clean a portion of the pool surface based on the
cleanliness characteristic of the pool surface. In yet another
aspect, the control signal causes the cleaner to drive in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed. Alternatively, the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an example pool
cleaning system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may
be carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool
22 containing a liquid 24. In particular, pool cleaning system
20 is adapted to clean at least a bottom or floor surface 26
of the pool 22 and possibly to additionally clean surfaces 28
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of pool 22. As will be described hereafter, pool cleaning
system facilitates the control and monitoring of a robotic
pool cleaner to better assure that all portions of pool 22 are
satisfactorily cleaned.

Pool cleaning system 20 comprises vehicle 30, cameras
32 and controller 42. Vehicle 30 comprises an automated
powered device configured to travel adjacent to submerged
or water containing surfaces of pool 20 (such as floor 26
and/or side surfaces 28) while cleaning such surfaces. In one
implementation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw
debris, such as bacterial growth or plant growth, from such
pool surfaces, wherein the drawn liquid containing such
residue or foreign matter is filtered to collect the debris. In
other implementations, vehicle 30 may not collect such
debris, wherein vehicle 30 merely loosens such debris on the
pool surfaces such that the loosened or separated debris may
be subsequently removed using the existing liquid filtering
system of pool 22.

To assist in the loosening of debris, in one implementa-
tion, vehicle 30 may additionally include a chemical dis-
penser to closely apply pool cleaning chemicals to the pool
surfaces as the vehicle 30 traverses such surfaces. In one
implementation, vehicle 30 may additionally or alternatively
include one or more scrubbing members, such as active
(driven) or passive (undriven or idling) brushes, to assist in
the removal of residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may
additionally or alternatively include liquid jets to assist in
the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the sub-
merged pool surfaces using wheels, rollers, tracks or other
surface contacting members powered by a motor and the
like. Such wheels, rollers or tracks may themselves include
the scrubbing members used to clean the surfaces. In one
implementation vehicle 30 may also alternatively be pro-
pelled by means of the vacuum or liquid jets. The vacuum
or liquid jets used for such propulsion nozzle facilitate
loosening of debris for collection by vehicle 30. In other
implementations, vehicle 30 may include other propulsion
mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged
within pool 22. In other implementations, cameras 32
merely capture images of submerged surfaces 26, 28 of pool
22.

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a pre-
defined age, such as a child, is present at pool 22 without a
detected presence of a recognized adult. In another imple-
mentation, cameras 32 may detect the presence of an unau-
thorized person or intruder at pool 22. Identification of the
person may be achieved by an off-site human or computer-
ized monitoring system, wherein signals from cameras 32
are transmitted across a wide area network or may be
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achieved with software of controller 42 which includes
facial recognition or other identification programming.

Because pool cleaning system 20 utilizes pre-existing
cameras 32 provided as part of a security system or shares
the use of cameras 32 with such a home or pool security
system, pool cleaning system 20 is easier to set up, less
complex and less expensive. In other implementations, pool
cleaning system 20 may utilize dedicated cameras 22 inde-
pendent of any cameras associated with a home, facility or
pool security system. In such an alternative system, cameras
32 may be more precisely focused upon pool 22 and surfaces
26, 28 while also including appropriate lenses or modifica-
tions to account for glare, refraction and the like to better
facilitate the capture of surfaces and vehicle 30 which are
submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For pur-
poses of this application, the term “processing unit” shall
mean a presently developed or future developed processing
unit that executes sequences of instructions contained in a
memory. Execution of the sequences of instructions causes
the processing unit to perform steps such as generating
control signals. The instructions may be loaded in a random
access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or
some other persistent storage. In other embodiments, hard
wired circuitry may be used in place of or in combination
with software instructions to implement the functions
described. For example, controller 42 may be embodied as
part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller
is not limited to any specific combination of hardware
circuitry and software, nor to any particular source for the
instructions executed by the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connec-
tion. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless
connection, such as cross a local area network (LAN) or a
wide area network (WAN) such as the Internet. One of
limitation, controller 42 may communicate with vehicle 30
and cameras 32 using a combination of both wired and
wireless communication connections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cam-
eras 32. In one implementation, controller 42 provides the
sole steering directions for vehicle 30 using signals from
cameras 32. Because vehicle 30 is precisely steered under
the control of controller 42, rather than traveling in a random
manner, entire summer surfaces of pool 22 may be more
quickly and efficiently covered and cleaned. Because con-
troller 42 provides the only steering instructions for vehicle
30 and utilizes signals from cameras 32, complex steering
algorithms or codes in either vehicle 30 or controller 42 may
be omitted to reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of pool 22 have been cleaned, that no spots have
been missed. Upon identifying a missed spot, controller 42
utilizes signals from camera 32 to steer vehicle 32 over such
missed portions of surfaces 26, 28. According to one
example, controller 42 not only uses signals from camera 32
to determine whether any portions of surfaces 26, 28 have
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been missed entirely, but to also determine whether any
portions of surfaces 26, 28 have been cleaned, but not to a
satisfactory degree or extent. In such circumstances, con-
troller 42 uses signals from cameras 32 to steer vehicle 34
such areas to re-clean such portions until such portions have
been satisfactorily cleaned such that the portions have a
cleanliness characteristic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
components of pool cleaning system 120 which correspond
to components of pool cleaning system 20 are numbered
similarly.

Dry station 46 comprises a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry sta-
tion 46 communicates with vehicle 30 in a wired fashion. In
such an implementation, dry station 46 further provides
electrical power to vehicle 30 in a wired fashion. Dry station
46 communicates with cameras 32 and either a wired or
wireless fashion.

Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one
implementation, display 50 is utilized by pool cleaning
system 120 and a controller 42 to present a graphical
depiction of those portions of surfaces 26, 28 of pool 22 have
not been satisfactorily cleaned so as to satisty a predefined
cleanliness characteristic threshold. Such portions may com-
prise portions that have been completely missed by vehicle
30 as well as those portions that have been covered by
vehicle 30 but have not been satisfactorily cleaned with the
given number of passes of vehicle 30 or the existing cleaning
settings of vehicle 30. The graphical depiction presented on
display 50 enables a person view the quality of the prior
cleaning session and to input commands causing controller
42 to generate control signals using signals from camera 32
to steer vehicle 30 back to such identified portions where
such portions may be cleaned at the same or elevated
cleaning aggressiveness settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to
visually determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system
20. Pool cleaning system 220 is similar to pool cleaning
system 20 except that pool cleaning system 220 additionally
comprises dry station 246, display 50, and remote server
254. Those remaining components of pool cleaning system
220 which correspond to components of pool cleaning
system 20 or pool cleaning system 120 are numbered
similarly.

Patent Owner Zodiac Pool Systems LLC
Exhibit 2001 - Page 36 of 172

20

25

30

35

40

45

50

55

60

65

6

Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
comprise a wide area network, such as the Internet. For
example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246
may communicate across a local area network to controller
42. In another implementation, dry station 246 may com-
municate through a router, across a local area network, to a
local modem which communicates across a network 260.
The example illustrated, dry station 246 further provides
part of vehicle 30 across a wired cable or wired connection.
Display 50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from
cameras 32, controller 42 generates control signals which
are transmitted back across network 260 and through dry
station 246 to vehicle 30 to steer vehicle 30.

As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon
signals from cameras 32 transmitted across dry station 246
of system 320. In such an implementation, the cost and
complexity of pool cleaning system 220 is reduced since
controller 42 is remotely provided at remote server 254
which services multiple pool cleaning systems 220, 320.
Upgrades to controller 42 and its software are also more
easily achieved for all pool cleaning systems to 20, 320 and
their pools 22, 222 being serviced. In one implementation,
the supervised cleaning, inspection and possible re-cleaning
facilitated by the use of cameras 32 may be provided as part
of a subscription to users of vehicle 30. In such an imple-
mentation, a pool 22 having security cameras 32 may be
upgraded with appropriate software or an appropriate soft-
ware module added to dry station 246 to make a network
connection with controller 42 which directs the security
cameras 32 to capture vehicle 30 utilizes such signals for
steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pool cleaning
system 120 except that pool cleaning system 420 addition-
ally comprises a portable electronic device 464. Those
remaining components of pool cleaning system 420 which
correspond to components of pool cleaning system 120 are
numbered similarly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such
a portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illus-
trated, PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PED 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard in other
implementations, input 466 may comprise a touchpad, a

Page 10



Case 3:25-cv-01946-GPC-JLB

Document 1-3

Filed 07/31/25 PagelD.37

of 13

US 11,262,766 B2

7

stylus, a microphone with associated speech recognition
software or programming, a touch screen, buttons, switches
and the like. In some implementations, input 466 may
comprise a touch screen incorporated as part of display 468.

Display 468 comprises a user interface by which graphi-
cal or textual data is presented to a user. Display 468 may
present the same or similar information as presented at dry
station 246 by display 50 as described above. In one
implementation, display 468 comprises a liquid crystal
display. In other implementations, display 468 may com-
prise other types of display technology such as a light
emitting diode display, an organic light emitting diode
display (OLED), an electronic ink (e-ink) display or other
types of display technology in present use or developed in
the future. Although system 420 is illustrated as including
controller 422 is part of dry station 46, in some implemen-
tations, controller 42 may alternatively be located as part of
PED 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle
30 of system 420. PED 464 provides a person with a
graphical presentation (described above with respect to
display 50) indicating those portions of surfaces 26, 28 of
pool 22 that have been completed as well as those portions
26, 20 and that remain to be cleaned. The person may also
be provided with a graphical indication of what portions
need to be re-cleaned to meet predetermined cleanliness
thresholds. In the example illustrated, input 466 enables a
person to enter commands or selections which are transmit-
ted across network 260 to controller 42 to adjust operation
of vehicle 30. For example, the path or route of vehicle 30
may be changed, the aggressiveness of the cleaning chemi-
cals or mechanical cleaning devices may be adjusted, the
speed at which vehicle 30 traverses surfaces 26, 28 may be
adjusted. In response to such adjustment signals from PED
464, controller 42 may utilize signals from cameras 32 to
adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system
20. Pool cleaning system 520 is similar to pool cleaning
system 420 except that pool cleaning system 520 addition-
ally comprises a remote server 554. Those remaining com-
ponents of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered
similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which
is in communication with dry station 246 across network
260. Remote server 254 includes controller 42. During
operation, signals from cameras 32 are transmitted across
dry station 246 across network 260 to controller 42 of
remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30. Controller 42 further relays
either the raw signals from camera 32 or image signals
generated based upon signals from cameras 32 to PED 464,
wherein such images (described above) are presented on
display 468. As noted above, PED may further receive
commands through input 466, wherein such commands are
transmitted to controller 42 which generates control signals
that are ultimately transmitted to vehicle 30 for steering
vehicle 30.

As with remote server 254, remote server 554 and net-
work 260 may be shared as part of other pool cleaning
systems 320 (shown in FIG. 3), wherein controller 42
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generates control signals for steering the pool cleaning
vehicle 30 of system 320 based upon signals from cameras
32 transmitted across dry station 246 of system 320. In such
implementations, controller 42 of remote server 554 may
interact with other PEDs 464. In such an implementation,
the cost and complexity of pool cleaning system 220 is
reduced since controller 42 is remotely provided at remote
server 254 which services multiple pool cleaning systems
220, 320. Upgrades to controller 42 and its software are also
more easily achieved for all pool cleaning systems to 20, 320
and their pools 22, 222 being serviced. In one implementa-
tion, the supervised cleaning, inspection and possible re-
cleaning facilitated by the use of cameras 32 may be
provided as part of a subscription to users of vehicle 30. In
such an implementation, a pool 22 having security cameras
32 may be upgraded with appropriate software or an appro-
priate software module added to dry station 246 to make a
network connection with controller 42 which directs the
security cameras 32 to capture vehicle 30 utilizes such
signals for steering vehicle 30. As indicated by broken lines,
in other implementations, the controller 42 for generating
control signals steering vehicle 30 based upon signals from
cameras 32 may alternatively be relocated in PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller
42 obtain such signals from cameras 32 for the surfaces of
pool 22 that have been cleaned. As indicated by step 606,
controller 42 uses information gathered from the signals
from cameras 32 to identify those portions of surfaces 26, 28
not satisfactorily cleaned—mnot satisfying a predefined clean-
liness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely
by vehicle 30 during a pool cleaning session may be
automatically deemed to not satisfy a predetermined clean-
liness characteristic.

As indicated by step 608, based upon such determina-
tions, controller 42 generates control signals resulting in the
presentation of a graphical depiction of those portions of
pool 22 that has not been satisfactorily cleaned. Such
graphical representations or depictions may be presented on
display 50 or display 468. FIGS. 7 and 8 illustrate examples
of graphical depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28
of pool 22 and a second portion 626 representing the floor
26 of pool 22. Graphical depiction 620 further comprises a
moving icon 628 representing the current positioning of
vehicle 30. In one implementation, the path of vehicle 30
may additionally be depicted by icon 628 shown in broken
lines. As shown by FIG. 7, those portions 632 of surfaces 26,
28 of pool 22 (shown in FIG. 1) over which of vehicle 30 has
moved are identified by graphical depiction 620 either by
color, markings or other various distinctive attributes. Like-
wise, those portions 634 of surfaces 26, 28 of pool 22 that
have not been covered by vehicle 30 are identified by a
distinct color col marking or distinctive attribute of depic-
tion 620. As a result, a person may view the current position
of vehicle 30, the extent to which pool 22 has been cleaned
or covered by vehicle 30 and the extent of pool 22 that
remains to be cleaned. In the example illustrated, depiction
620 further identifies those portions 638 of surfaces 26, 28
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that have been cleaned, but which have not been cleaned to
a satisfactory degree or extent. In one implementation,
portions 638 may be identified by colors, brightness, mark-
ings or other visually distinctive attributes that are visually
distinct from both portions 632 and portions 634. In other
implementations, portions 638 may have the same charac-
teristic of portions 634 in yet other implementations, differ-
ent portions 638 may have different visual attributes depend-
ing upon a degree to which such clean portions have failed
to satisfy the predefined cleanliness characteristic threshold.
In some implementations, different port 638 may have
different visual attributes depending upon different cleaning
strategies that may be recommended for the different por-
tions 638. For example, controller 42 may determine and
recommend a first cleaning strategy (a first chemical solu-
tion jetted at a first rate and scrubbed at a first rate) with
respect to a first portion 638 and may recommend a second
different cleaning strategy (a second chemical solution jetted
at a second rate is about a second rate) with respect to a
second portion 638, wherein the different cleaning strategies
are represented by different visual attributes presented in
depiction 620.

FIG. 8 illustrates display 468 presenting a graphical
depiction 720. Graphical depiction 720 comprises a first
graphic 622 having a first portion 624 representing sides or
walls 28 of pool 22 and a second portion 626 representing
the floor 26 of pool 22 (shown in FIG. 1). Graphical
depiction 720 is similar to graphical depiction 620 except
that graphical depiction 720 omits icon 628 presenting
vehicle 30. Like depiction 620, depiction 720 graphically
depicts those portions 632 of surfaces 26, 28 over which
vehicle 30 has traveled while in a cleaning mode. Depiction
720 also visually depicts those portions 634 that have not
been covered by vehicle 30 in the cleaning mode and those
portions 638 over which vehicle 30 has traveled while in the
cleaning mode, but which have not been cleaned to a
satisfactory degree. As illustrated in FIG. 8, different por-
tions 638 may be visibly distinguished from one another
through color, text or markings indicating either differences
in the cleanliness of such portions 638 or indicating different
recommended cleaning strategies or approaches that may be
selected by a person using input 466 when vehicle 30 is
steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of
pool 22, such as portions 638. Such steering may be facili-
tated by using signals from cameras 32. As noted above, in
some implementations, a person may be allowed choose a
cleaning approach for a particular portion 638 using input
466. The selection may be facilitated by visual inspection of
the different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some
implementations, input 466 may additionally be utilized by
a person to prioritize an order in which portions 638 are
re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
power source 831 through a power line or power cable 833
to vehicle 830. In the example illustrated, data communica-
tion and communication of control signals, also occurs
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across wired connections within or alongside the same line
833 in the example illustrated, remote server 554 serves as
a communication link by which upgrades to controller 42
may be implemented across a wide number of pool cleaning
systems and by which information from controller 42 is
conveyed to one or more portable electronic devices 464
across network 260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900
provide traction and propulsion for vehicle 30. Vehicle 830
comprises rotating brushes 902 to loosen waterline buildup
and breakdown large debris while power washing jets 904
flush out dirt from pores, seems in corners where brushes
902 may not be able to reach. The loosened dirt and debris
is vacuumed through off-center vacuum ports 906 which
passes the vacuumed debris through internally house filter
bag. In the example illustrated, vehicle 830 further com-
prises rollers 908 which inhibit vehicle 830 from becoming
impeded or stuck on raised drains or pop-up heads. Although
illustrated as being employed with system 820, vehicle 830
may also be utilized with any of systems 20, 120, 220, 320
and 420. In other implementations, other robotic or auto-
mated pool cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
claimed subject matter. For example, although different
example embodiments may have been described as includ-
ing one or more features providing one or more benefits, it
is contemplated that the described features may be inter-
changed with one another or alternatively be combined with
one another in the described example embodiments or in
other alternative embodiments. Because the technology of
the present disclosure is relatively complex, not all changes
in the technology are foreseeable. The present disclosure
described with reference to the example embodiments and
set forth in the following claims is manifestly intended to be
as broad as possible. For example, unless specifically oth-
erwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements.

What is claimed is:

1. A self-propelled pool cleaner for cleaning debris from
a submerged surface of a swimming pool, comprising:

a. a vehicle body;

b. means for moving the vehicle body within the swim-

ming pool;

c. a filter configured to retain debris collected from the
submerged surface;

d. at least one camera mounted directly or indirectly to the
body for capturing an image of at least a first portion of
the submerged surface; and

e. a controller (i) positioned on or in the body, (ii) in
electronic communication with the at least one camera,
and (iii) configured to generate, in response to the
captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.

2. A self-propelled pool cleaner for cleaning debris from
a submerged surface of a swimming pool, comprising:

a. a vehicle body;

b. means for moving the vehicle body within the swim-

ming pool;
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a filter configured to retain debris collected from the
submerged surface;

at least one camera carried by the body for capturing an
image of at least a first portion of the submerged
surface; and

a controller (i) positioned on or in the body, (ii) in
electronic communication with the at least one camera,
and (iii) configured to generate, in response to the
captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.
A self-propelled pool cleaner for cleaning debris from

a submerged surface of a swimming pool, comprising:

a.
b.

C.

d.

o

4.

a vehicle body;

means for moving the vehicle body within the swim-
ming pool;

a filter configured to retain debris collected from the
submerged surface;

at least one camera positioned on or in, or carried by,
the body for capturing an image of at least a first
portion of the submerged surface; and

a controller (i) positioned on or in the body, (ii) in
electronic communication with the at least one camera
and a portable electronic device, and (iii) configured to
generate, in response to at least one of the captured
image or information from the portable electronic
device, at least one control signal to cause movement of
the body within the swimming pool to, or away from,
the first portion of the submerged surface.

A self-propelled pool cleaner for cleaning debris from

a submerged surface of a swimming pool, comprising:

a.

a vehicle body;
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means for moving the vehicle body within the swim-
ming pool;

. a filter configured to retain debris collected from the

submerged surface;

. at least one camera for capturing an image of at least

a first portion of the submerged surface; and

. a controller (i) positioned on or in the body, (ii) in

electronic communication with the at least one camera,
and (iii) configured to generate, in response to the
captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.
A self-propelled pool cleaner for cleaning debris from

a submerged surface of a swimming pool, comprising:

a.
b.

C.

d.

a vehicle body;

means for moving the vehicle body within the swim-
ming pool;

a filter configured to retain debris collected from the
submerged surface;

a chemical dispenser on, in, or carried by the vehicle
body;

. at least one camera on, in, or carried by the vehicle

body, for capturing an image of at least a first portion
of the submerged surface; and

f. a controller (i) on, in, or carried by the vehicle body, (ii)

in electronic communication with the at least one
camera and (iii) configured to generate, in response to
the captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.

& ok ok ok 3k
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1
POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of allowed U.S. patent
application Ser. No. 17/143,624, filed Jan. 7, 2021, which is
a continuation of U.S. patent application Ser. No. 16/919,
750, filed Jul. 2, 2020 (now U.S. Pat. No. 11,003,191),
which is a continuation of U.S. patent application Ser. No.
16/416,840, filed May 20, 2019 (now U.S. Pat. No. 10,739,
785), which is a continuation of U.S. patent application Ser.
No. 15/973,983, filed May 8, 2018 (now U.S. Pat. No.
10,338,599), which is a continuation of U.S. patent appli-
cation Ser. No. 15/207,065, filed Jul. 11, 2016 (now U.S. Pat.
No. 9,995,051), which is a continuation of U.S. patent
application Ser. No. 13/545,918, filed Jul. 10, 2012 (now
U.S. Pat. No. 9,388,595), the contents of all of which are
incorporated herein by reference in their entireties.

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result,
automated robotic pool cleaners have been developed. How-
ever, controlling and monitoring such automated robotic
pool cleaners to insure that all portions of the pool surfaces
are satisfactorily cleaned remains a challenge.

SUMMARY OF THE INVENTION

The disadvantages heretofore associated with the prior art
are overcome by the present invention of a pool cleaning
system for cleaning debris from a submerged surface of a
swimming pool comprising: a self-propelled pool cleaner
having rotatably-mounted supports for supporting and guid-
ing the cleaner on the pool surface; a filter configured to
retain the debris collected from the submerged surface of the
swimming pool; an electric motor for enabling the rotation
of the rotatably-mounted supports on the pool surface; at
least one camera to capture imagery of the pool surface; a
controller, in electronic communication with the at least one
camera, to determine a cleanliness characteristic of the pool
surface on which the cleaner has passed based on the camera
imagery and generate a control signal to direct movement of
the cleaner based on the cleanliness characteristic of the pool
surface; and a portable electronic device is configured to
present a graphic on a display, the graphic depicting the
submerged surface of the pool and those portions of the
surface that remain uncleaned as the cleaner traverses the
pool surface.

In one aspect, the at least one camera is carried by the
cleaner. In another aspect, the controller is carried by the
cleaner. In still another aspect, the electric motor is mechani-
cally connected to at least one of the rotatably-mounted
supports.

In yet another aspect, the controller is operable to execute
one or more cleaning programs for cleaning the submerged
surfaces of the pool. In one aspect, the control signal causes
the cleaner to drive in a direction to clean a portion of the
pool surface based on the cleanliness characteristic of the
pool surface. Alternatively, the control signal causes the
cleaner to steer in a direction to clean a portion of the pool
surface based on the cleanliness characteristic of the pool
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surface. In another aspect, the control signal causes the
cleaner to drive in a direction to re-clean a portion of the
pool surface over which the cleaner has passed. Alterna-
tively, the control signal causes the cleaner to steer in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed.

In one aspect, the captured imagery from the at least one
camera is digitally processed by the controller to determine
the cleanliness characteristic of the pool surface. Alterna-
tively, the captured imagery from the at least one camera is
digitally processed by a remote processor to determine the
cleanliness characteristic of the pool surface.

In another aspect, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the dry station includes the
controller. Alternatively, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the controller is located
remotely from the cleaner and the dry station. In still another
aspect, the controller controls electric power provided to the
electric motor.

In one aspect, the control signal causes the cleaner to
move in a direction of a portion of the pool surface to be
cleaned based solely upon signals received from the camera.
In another aspect, the control signal causes the cleaner to
drive in a direction to clean a portion of the pool surface
based on the cleanliness characteristic of the pool surface.
Alternatively, the control signal causes the cleaner to steer in
a direction to clean a portion of the pool surface based on the
cleanliness characteristic of the pool surface. In yet another
aspect, the control signal causes the cleaner to drive in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed. Alternatively, the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an ex ample pool
cleaning system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may
be carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool
22 containing a liquid 24. In particular, pool cleaning system
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20 is adapted to clean at least a bottom or floor surface 26
of the pool 22 and possibly to additionally clean surfaces 28
of pool 22. As will be described hereafter, pool cleaning
system facilitates the control and monitoring of a robotic
pool cleaner to better assure that all portions of pool 22 are
satisfactorily cleaned.

Pool cleaning system 20 comprises vehicle 30, cameras
32 and controller 42. Vehicle 30 comprises an automated
powered device configured to travel adjacent to submerged
or water containing surfaces of pool 20 (such as floor 26
and/or side surfaces 28) while cleaning such surfaces. In one
implementation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw
debris, such as bacterial growth or plant growth, from such
pool surfaces, wherein the drawn liquid containing such
residue or foreign matter is filtered to collect the debris. In
other implementations, vehicle 30 may not collect such
debris, wherein vehicle 30 merely loosens such debris on the
pool surfaces such that the loosened or separated debris may
be subsequently removed using the existing liquid filtering
system of pool 22.

To assist in the loosening of debris, in one implementa-
tion, vehicle 30 may additionally include a chemical dis-
penser to closely apply pool cleaning chemicals to the pool
surfaces as the vehicle 30 traverses such surfaces. In one
implementation, vehicle 30 may additionally or alternatively
include one or more scrubbing members, such as active
(driven) or passive (undriven or idling) brushes, to assist in
the removal of residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may
additionally or alternatively include liquid jets to assist in
the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the sub-
merged pool surfaces using wheels, rollers, tracks or other
surface contacting members powered by a motor and the
like. Such wheels, rollers or tracks may themselves include
the scrubbing members used to clean the surfaces. In one
implementation vehicle 30 may also alternatively be pro-
pelled by means of the vacuum or liquid jet. The vacuum or
liquid jets used for such propulsion nozzle facilitate loos-
ening of debris for collection by vehicle 30. In other
implementations, vehicle 30 may include other propulsion
mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged
within pool 22. In other implementations, cameras 32
merely capture images of submerged surfaces 26, 28 of pool
22.

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a pre-
defined age, such as a child, is present at pool 22 without a
detected presence of a recognized adult. In another imple-
mentation, cameras 32 may detect the presence of an unau-
thorized person or intruder at pool 22. Identification of the
person may be achieved by an off-site human or computer-
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4

ized monitoring system, wherein signals from cameras 32
are transmitted across a wide area network or may be
achieved with software of controller 42 which includes
facial recognition or other identification programming.

Because pool cleaning system 20 utilizes pre-existing
cameras 32 provided as part of a security system or shares
the use of cameras 32 with such a home or pool security
system, pool cleaning system 20 is easier to set up, less
complex and less expensive. In other implementations, pool
cleaning system 20 may utilize dedicated cameras 22 inde-
pendent of any cameras associated with a home, facility or
pool security system. In such an alternative system, cameras
32 may be more precisely focused upon pool 22 and surfaces
26, 28 while also including appropriate lenses or modifica-
tions to account for glare, refraction and the like to better
facilitate the capture of surfaces and vehicle 30 which are
submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For pur-
poses of this application, the term “processing unit” shall
mean a presently developed or future developed processing
unit that executes sequences of instructions contained in a
memory. Execution of the sequences of instructions causes
the processing unit to perform steps such as generating
control signals. The instructions may be loaded in a random
access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or
some other persistent storage. In other embodiments, hard
wired circuitry may be used in place of or in combination
with software instructions to implement the functions
described. For example, controller 42 may be embodied as
part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller
is not limited to any specific combination of hardware
circuitry and software, nor to any particular source for the
instructions executed by the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connec-
tion. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless
connection, such as cross a local area network (LAN or a
wide area network (WAN) such as the Internet. One of
limitation, controller 42 may communicate with vehicle 30
and cameras 32 using a combination of both wired and
wireless communication connections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cam-
eras 32. In one implementation, controller 42 provides the
sole steering directions for vehicle 30 using signals from
cameras 32. Because vehicle 30 is precisely steered under
the control of controller 42, rather than traveling in a random
manner, entire summer surfaces of pool 22 may be more
quickly and efficiently covered and cleaned. Because con-
troller 42 provides the only steering instructions for vehicle
30 and utilizes signals from cameras 32, complex steering
algorithms or codes in either vehicle 30 or controller 42 may
be omitted to reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of 22 have been cleaned, that no spots have been
missed. Upon identifying a missed spot, controller 42 uti-
lizes signals from camera 32 to steer vehicle 32 over such
missed portions of surfaces 26, 28. According to one
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example, controller 42 not only uses signals from camera 32
to determine whether any portions of surfaces 26, 28 have
been missed entirely, but to also determine whether any
portions of surfaces 26,28 have been cleaned, but not to a
satisfactory degree or extent. In such circumstances, con-
troller 42 uses signals from cameras 32 to steer vehicle 34
such areas to re-clean such portions until such portions have
been satisfactorily cleaned such that the portions have a
cleanliness characteristic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
components of pool cleaning system 120 which correspond
to components of pool cleaning system 20 are numbered
similarly.

Dry station 46 comprises a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry sta-
tion 46 communicates with vehicle 30 in a wired fashion. In
such an implementation, dry station 46 further provides
electrical power to vehicle 30 in a wired fashion. Dry station
46 communicates with cameras 32 and either a wired or
wireless fashion.

Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one
implementation, display 50 is utilized by pool cleaning
system 120 and a controller 42 to present a graphical
depiction of those portions of surfaces 26, 28 of pool 22 have
not been satisfactorily cleaned so as to satisty a predefined
cleanliness characteristic threshold. Such portions may com-
prise portions that have been completely missed by vehicle
30 as well as those portions that have been covered by
vehicle 30 but have not been satisfactorily cleaned with the
given number of passes of vehicle 30 or the existing cleaning
settings of vehicle 30. The graphical depiction presented on
display 50 enables a person view the quality of the prior
cleaning session and to input commands causing controller
42 to generate control signals using signals from camera 32
to steer vehicle 30 back to such identified portions where
such portions may be cleaned at the same or elevated
cleaning aggressiveness settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to
visually determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system
20. Pool cleaning system 220 is similar to pool cleaning
system 20 except that pool cleaning system 220 additionally
comprises dry station 246, display 50, and remote server
254. Those remaining components of pool cleaning system
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220 which correspond to components of pool cleaning
system 20 or pool cleaning system 120 are numbered
similarly.

Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
comprise a wide area network, such as the Internet. For
example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246
may communicate across a local area network to controller
42. In another implementation, dry station 246 may com-
municate through a router, across a local area network, to a
local modem which communicates across a network 260.
The example illustrated, dry station 246 further provides
part of vehicle 30 across a wired cable or wired connection.
Display 50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from
cameras 32, controller 42 generates control signals which
are transmitted back across network 260 and through dry
station 246 to vehicle 30 to steer vehicle 30.

As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon
signals from cameras 32 transmitted across dry station 246
of system 320. In such an implementation, the cost and
complexity of pool cleaning system 220 is reduced since
controller 42 is remotely provided at remote server 254
which services multiple pool cleaning systems 220,320.
Upgrades to controller 42 and its software are also more
easily achieved for all pool cleaning systems to 20, 320 and
their pools 22, 222 being serviced. In one implementation,
the supervised cleaning, inspection and possible re-cleaning
facilitated by the use of cameras 32 may be provided as part
of a subscription to users of vehicle 30. In such an imple-
mentation, a pool 22 having security cameras 32 may be
upgraded with appropriate software or an appropriate soft-
ware module added to dry station 246 to make a network
connection with controller 42 which directs the security
cameras 32 to capture vehicle 30 utilizes such signals for
steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pool cleaning
system 120 except that pool cleaning system 420 addition-
ally comprises a portable electronic device 464. Those
remaining components of pool cleaning system 420 which
correspond to components of pool cleaning system 120 are
numbered similarly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such
a portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illus-
trated, PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PED 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
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generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard. In
other implementations, input 466 may comprise a touchpad,
a stylus, a microphone with associated speech recognition
software or programming, a touch screen, buttons, switches
and the like. In some implementations, input 466 may
comprise a touch screen incorporated as part of display 468.

Display 468 comprises a user interface by which graphi-
cal or textual data is presented to a user. Display 468 may
present the same or similar information as presented at dry
station 246 by display 50 as described above. In one
implementation, display 468 comprises a liquid crystal
display. In other implementations, display 468 may com-
prise other types of display technology such as a light
emitting diode display, an organic light emitting diode
display (OLEDD), an electronic ink (e-ink) display or other
types of display technology in present use or developed in
the future. Although system 420 is illustrated as including
controller 422 is part of dry station 46, in some implemen-
tations, controller 42 may alternatively be located as part of
PED 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle
30 of system 420. PED 464 provides a person with a
graphical presentation (described above with respect to
display 50) indicating those portions of surfaces 26, 28 of
pool 22 that have been completed as well as those portions
26, 20 and that remain to be cleaned. The person may also
be provided with a graphical indication of what portions
need to be re-cleaned to meet predetermined cleanliness
thresholds. In the example illustrated, input 466 enables a
person to enter commands or selections which are transmit-
ted across network 260 to controller 42 to adjust operation
of vehicle 30. For example, the path or route of vehicle 30
may be changed, the aggressiveness of the cleaning chemi-
cals or mechanical cleaning devices may be adjusted, the
speed at which vehicle 30 traverses surfaces 26, 28 may be
adjusted. In response to such adjustment signals from PED
464, controller 42 may utilize signals from cameras 32 to
adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system
20. Pool cleaning system 520 is similar to pool cleaning
system 420 except that pool cleaning system 520 addition-
ally comprises a remote server 554. Those remaining com-
ponents of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered
similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which
is in communication with dry station 246 across network
260. Remote server 254 includes controller 42. During
operation, signals from cameras 32 are transmitted across
dry station 246 across network 260 to controller 42 of
remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30. Controller 42 further relays
either the raw signals from camera 32 or image signals
generated based upon signals from cameras 32 to PED 464,
wherein such images (described above) are presented on
display 468. As noted above, PED may further receive
commands through input 466, wherein such commands are
transmitted to controller 42 which generates control signals
that are ultimately transmitted to vehicle 30 for steering
vehicle 30.
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As with remote server 254, remote server 554 and net-
work 260 may be shared as part of other pool cleaning
systems 320 (shown in FIG. 3), wherein controller 42
generates control signals for steering the pool cleaning
vehicle 30 of system 320 based upon signals from cameras
32 transmitted across dry station 246 of system 320. In such
implementations, controller 42 of remote server 554 may
interact with other PEDs 464. In such an implementation,
the cost and complexity of pool cleaning system 220 is
reduced since controller 42 is remotely provided at remote
server 254 which services multiple pool cleaning systems
220, 320. Upgrades to controller 42 and its software are also
more easily achieved for all pool cleaning systems to 20, 320
and their pools 22, 222 being serviced. In one implementa-
tion, the supervised cleaning, inspection and possible re-
cleaning facilitated by the use of cameras 32 may be
provided as part of a subscription to users of vehicle 30. In
such an implementation, a pool 22 having security cameras
32 may be upgraded with appropriate software or an appro-
priate software module added to dry station 246 to make a
network connection with controller 42 which directs the
security cameras 32 to capture vehicle 30 utilizes such
signals for steering vehicle 30. As indicated by broken lines,
in other implementations, the controller 42 for generating
control signals steering vehicle 30 based upon signals from
cameras 32 may alternatively be relocated in PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller
42 obtain such signals from cameras 32 for the surfaces of
pool 22 that have been cleaned. As indicated by step 606,
controller 42 uses information gathered from the signals
from cameras 32 to identify those portions of surfaces 26, 28
not satisfactorily cleaned not satistying a predefined clean-
liness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely
by vehicle 30 during a pool cleaning session may be
automatically deemed to not satisfy a predetermined clean-
liness characteristic.

As indicated by step 608, based upon such determina-
tions, controller 42 generates control signals resulting in the
presentation of a graphical depiction of those portions of
pool 22 that has not been satisfactorily cleaned. Such
graphical representations or depictions may be presented on
display 50 or display 468. FIGS. 7 and 8 illustrate examples
of graphical depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28
of pool 22 and a second portion 626 representing the floor
26 of pool 22. Graphical depiction 620 further comprises a
moving icon 628 representing the current positioning of
vehicle 30. In one implementation, the path of vehicle 30
may additionally be depicted by icon 628 shown in broken
lines. As shown by FIG. 7, those portions 632 of surfaces 26,
28 of pool 22 (shown in FIG. 1) over which of vehicle 30 has
moved are identified by graphical depiction 620 either by
color, markings or other various distinctive attributes. Like-
wise, those portions 634 of surfaces 26, 28 of pool 22 that
have not been covered by vehicle 30 are identified by a
distinct color col marking or distinctive attribute of depic-
tion 620. As a result, a person may view the current position
of vehicle 30, the extent to which pool 22 has been cleaned
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or covered by vehicle 30 and the extent of pool 22 that
remains to be cleaned. In the example illustrated, depiction
620 further identifies those portions 638 of surfaces 26, 28
that have been cleaned, but which have not been cleaned to
a satisfactory degree or extent. In one implementation,
portions 638 may be identified by colors, brightness, mark-
ings or other visually distinctive attributes that are visually
distinct from both portions 632 and portions 634. In other
implementations, portions 638 may have the same charac-
teristic of portions 634. In yet other implementations, dif-
ferent portions 638 may have different visual attributes
depending upon a degree to which such clean portions have
failed to satisfy the predefined cleanliness characteristic
threshold. In some implementations, different port 638 may
have different visual attributes depending upon different
cleaning strategies that may be recommended for the dif-
ferent portions 638. For example, controller 42 may deter-
mine and recommend a first cleaning strategy (a first chemi-
cal solution jetted at a first rate and scrubbed at a first rate)
with respect to a first portion 638 and may recommend a
second different cleaning strategy (a second chemical solu-
tion jetted at a second rate is about a second rate) with
respect to a second portion 638, wherein the different
cleaning strategies are represented by different visual attri-
butes presented in depiction 620.

FIG. 8 illustrates display 468 presenting a graphical
depiction 720. Graphical depiction 720 comprises a first
graphic 622 having a first portion 624 representing sides or
walls 28 of pool 22 and a second portion 626 representing
the floor 26 of pool 22 (shown in FIG. 1). Graphical
depiction 720 is similar to graphical depiction 620 except
that graphical depiction 720 omits icon 628 presenting
vehicle 30. Like depiction 620, depiction 720 graphically
depicts those portions 632 of surfaces 26, 28 over which
vehicle 30 has traveled while in a cleaning mode. Depiction
720 also visually depicts those portions 634 that have not
been covered by vehicle 30 in the cleaning mode and those
portions 638 over Which vehicle 30 has traveled while in the
cleaning mode, but which have not been cleaned to a
satisfactory degree. As illustrated in FIG. 8, different por-
tions 638 may be visibly distinguished from one another
through color, text or markings indicating either differences
in the cleanliness of such portions 638 or indicating different
recommended cleaning strategies or approaches that may be
selected by a person using input 466 when vehicle 30 is
steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of
pool 22, such as portions 638. Such steering may be facili-
tated by using signals from cameras 32. As noted above, in
some implementations, a person may be allowed Choose a
cleaning approach for a particular portion 638 using input
466. The selection may be facilitated by visual inspection of
the different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some
implementations, input 466 may additionally be utilized by
a person to prioritize an order in Which portions 638 are
re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
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power source 831 through a power line or power cable 833
to vehicle 830. In the example illustrated, data communica-
tion and communication of control signals, also occurs
across wired connections within or alongside the same line
833. In the example illustrated, remote server 554 serves as
a communication link by which upgrades to controller 42
may be implemented across a wide number of pool cleaning
systems and by which information from controller 42 is
conveyed to one or more portable electronic devices 464
across network 260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device. Vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900
provide traction and propulsion for vehicle 30. Vehicle 830
comprises rotating brushes 902 to loosen waterline buildup
and breakdown large debris while power washing jets 904
flush out dirt from pores, seems in corners where brushes
902 may not be able to reach. The loosened dirt and debris
is vacuumed through off-center vacuum ports 906 which
passes the vacuumed debris through internally house filter
bag. In the example illustrated, vehicle 830 further com-
prises rollers 908 which inhibit vehicle 830 from becoming
impeded or stuck on raised drains or pop-up heads. Although
illustrated as being employed with system 820, vehicle 830
may also be utilized with any of systems 20, 120, 220, 320
and 420. In other implementations, other robotic or auto-
mated pool cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
claimed subject matter. For example, although different
example embodiments may have been described as includ-
ing one or more features providing one or in ore benefits, it
is contemplated that the described features may be inter-
changed with one another or alternatively be combined with
one another in the described example embodiments or in
other alternative embodiments. Because the technology of
the present disclosure is relatively complex, not all changes
in the technology are foreseeable. The present disclosure
described with reference to the example embodiments and
set forth in the following claims is manifestly intended to be
as broad as possible. For example, unless specifically oth-
erwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements.

What is claimed is:

1. A self-propelled pool cleaning system for cleaning
debris from a submerged surface of a swimming pool,
comprising:

a. a vehicle body;

b. means for moving the vehicle body within the swim-

ming pool;

c. a filter configured to retain debris collected from the

submerged surface;
d. at least one camera for capturing an image of at least
a first object within the swimming pool; and

e. a controller (i) in electronic communication with the at
least one camera and (ii) configured to generate, in
response to the captured image, at least one control
signal to cause movement of the body within the
swimming pool to, or away from, the first object.

2. A pool system comprising:

at least one piece of equipment for a swimming pool or

spa;
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one or more cameras configured to capture video or
images of at least a portion of a location including the
swimming pool or spa; and

a controller in communication with the at least one piece

of equipment and the one or more cameras, the con-
troller configured to receive visual data from the one or
more cameras and determine a control action for the at
least one piece of equipment based on the received
visual data.

3. The pool system of claim 2, wherein the at least one
piece of equipment comprises a cleaning device with one or
more propulsion mechanisms, the cleaning device config-
ured to travel adjacent to submerged or water-containing
surfaces of the swimming pool or spa and to perform a
cleaning operation.

4. The pool system of claim 2, wherein the one or more
cameras are mounted external to the swimming pool or spa.

5. The pool system of claim 2, wherein the one or more
cameras are mounted on the at least one piece of equipment.

6. The pool system of claim 2, wherein the one or more
cameras are submergible or submerged within the swim-
ming pool or spa.

7. The pool system of claim 2, wherein the controller is
configured to detect a characteristic of the location based on
the visual data and control the piece of equipment based on
the detected characteristic.

8. The pool system of claim 7, wherein the characteristic
comprises a cleanliness of a surface of the swimming pool,
and wherein the controller is configured to control the piece
of equipment based on the detected cleanliness being outside
of a threshold.

9. The pool system of claim 2, wherein the controller is
configured to communicate with the at least one piece of
equipment and the one or more cameras via a wireless
connection.

10. The pool system of claim 2, wherein the controller is
further configured to present a graphical depiction on a
remote device based on the received visual data as the
control action.

11. The pool system of claim 2, wherein the controller is
remote from the camera.

12. A method for monitoring a pool system, the method
comprising:

receiving images of at least a portion of a location

including a swimming pool or spa from one or more
cameras;
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determining a target area and detecting a characteristic of

the target area based on the images; and

generating a control response based on the detected

characteristic of the target area.

13. The method of claim 12, wherein the target area
comprises a portion of a surface of the swimming pool or
spa, and wherein the characteristic comprises a cleanliness
characteristic of the portion of the surface of the swimming
pool or spa.

14. The method of claim 12, wherein generating the
control response comprises controlling an operation of a
piece of equipment of the swimming pool or spa.

15. The method of claim 12, wherein generating the
control response comprises generating an alert on a remote
device.

16. The method of claim 12, wherein generating the
control response comprises wirelessly communicating with
a piece of equipment for the swimming pool or spa or a
remote device.

17. The method of claim 12, wherein generating the
control response comprises prompting a user on a remote
device, and wherein the method further comprises receiving
a control input from the user on the remote device for
controlling a piece of equipment of the swimming pool or
spa.

18. The method of claim 17, wherein prompting the user
comprises providing recommended cleaning strategies for a
cleaning device based on the detected characteristic of the
target area.

19. The method of claim 12, wherein generating the
control response comprises controlling operation of a clean-
ing device configured to travel adjacent to submerged or
water-containing surfaces of the swimming pool or spa and
to perform a cleaning operation, wherein controlling opera-
tion of the cleaning device comprises one or more of
controlling a path or route of the cleaning device, an
aggressiveness of cleaning chemicals deployed, an aggres-
siveness of mechanical cleaning, or a speed of the cleaning
device.

20. The method of claim 19, wherein the characteristic of
the target area is a presence of a person at the swimming
pool or spa, and wherein generating the control response is
based on the detected presence of the person satisfying a
predefined characteristic.

* * £ # £l
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,/ Kilpatrick Townsend & Stockton LLP Two Embarcadero Center, Suite 1900
\\ ktslaw.com San Francisco, CA 94111

direct dial 415 273 4741
July 17, 2025 direct fax 415 651 8510
smoore@ktslaw.com

By: Express Delivery and
E-Mail to service@beatbot.com

Siler Wang, Founder, and Zhang Ivy, Agent
Beatbot Technology (USA) Co., Ltd.

7307 Peek Rd.

Richmond, TX 77407

Siler Wang, Founder, and Zhang Ivy, Agent
Beatbot Technology (USA) Co., Ltd.

2330 E Freddy Gonzalez Dr PMB 2062
Edinburg, TX 78542

Re:  Beatbot’s Infringing Pool Cleaners Containing Camera Technology
To Whom It May Concern:

I represent Zodiac Pool Systems LLC, the owner of enclosed U.S. Patent Nos. 11,880,207,
11,262,766; 11,003,191; 10,739,785; 10,338,599; 9,995,051; 9,388,595; 11,828,082; and
11,519,732, attached as Exs. A—I, respectively.

It has come to our attention that Beatbot Technology (USA) Co., LTD, Xingmai Innovation
Technology (Hong Kong) Limited, and their affiliates (collectively, “Beatbot”) has been
promoting and offering for sale one or more pool cleaners that infringe at least some of the above
listed patents, including but not limited to the Beatbot Aquasense 2 Ultra Robotic Pool Cleaner
pictured below:

https://beatbot.com/products/aquasense-2-ultra.
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Beatbot Technology (USA) Co., Ltd.
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As shown in the exemplary claim chart in Exhibit J to this letter, the Beatbot Aquasense 2
Ultra product contains all of the elements of at least claim 1 of U.S. Patent No. 11,880,207, which
recites as follows:

1. A self-propelled pool cleaning system for cleaning debris from a submerged
surface of a swimming pool, comprising:
a. avehicle body;
b. means for moving the vehicle body within the swimming pool;
c. afilter configured to retain debris collected from the submerged surface;
d. at least one camera for capturing an image of at least a first object within
the swimming pool; and
e. acontroller (i) in electronic communication with the at least one camera and
(i1) configured to generate, in response to the captured image, at least one
control signal to cause movement of the body within the swimming pool to, or
away from, the first object.

Additionally, this product contains all of the elements of at least one claim in each of U.S.
Patent Nos. 11,262,766 and 11,003,191, and possibly others.

Therefore, Beatbot’s activities with respect to the above-referenced product and any
products substantially similar to it in the United States, including but not limited to the
manufacture, use, sale, offer for sale, or importation, infringes U.S. Patent Nos. 11,880,207;
11,262,766; and 11,003,191. Beatbot must cease this infringing conduct immediately.

Zodiac would also like to make Beatbot aware of the attached U.S. Patent Nos. 10,739,785;
10,338,599; 9,995,051; 9,388,595; 11,828,082; and 11,519,732, which also relate to pool cleaners
and pool cleaning systems that utilize cameras or other sensing technologies. Zodiac reserves the
right to assert infringement of any or all of these additional patents should further investigation
reveal infringement.

Zodiac does not wish to engage in unneeded litigation. However, if this infringement is not
ceased, Zodiac will have no choice but to enforce its intellectual property rights. As such, Zodiac
expects written confirmation that Beatbot and any entity related thereto will contact me to discuss
this matter immediately, including with respect to agreeing to cease its infringing activities. If
Zodiac does not receive such confirmation within ten business days of confirmed delivery to the
first of the above addresses, Zodiac will understand Beatbot’s position is that it does not intend to
address this issue, and Zodiac reserves all rights to take all actions available to it, including but not
limited to enforcement of any of the patents mentioned herein.

Best regards,

Steven D. Moore
cc: Christopher S. Leah (cleah@ktslaw.com)
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1
POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of allowed U.S. patent
application Ser. No. 17/143,624, filed Jan. 7, 2021, which is
a continuation of U.S. patent application Ser. No. 16/919,
750, filed Jul. 2, 2020 (now U.S. Pat. No. 11,003,191),
which is a continuation of U.S. patent application Ser. No.
16/416,840, filed May 20, 2019 (now U.S. Pat. No. 10,739,
785), which is a continuation of U.S. patent application Ser.
No. 15/973,983, filed May 8, 2018 (now U.S. Pat. No.
10,338,599), which is a continuation of U.S. patent appli-
cation Ser. No. 15/207,065, filed Jul. 11, 2016 (now U.S. Pat.
No. 9,995,051), which is a continuation of U.S. patent
application Ser. No. 13/545,918, filed Jul. 10, 2012 (now
U.S. Pat. No. 9,388,595), the contents of all of which are
incorporated herein by reference in their entireties.

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result,
automated robotic pool cleaners have been developed. How-
ever, controlling and monitoring such automated robotic
pool cleaners to insure that all portions of the pool surfaces
are satisfactorily cleaned remains a challenge.

SUMMARY OF THE INVENTION

The disadvantages heretofore associated with the prior art
are overcome by the present invention of a pool cleaning
system for cleaning debris from a submerged surface of a
swimming pool comprising: a self-propelled pool cleaner
having rotatably-mounted supports for supporting and guid-
ing the cleaner on the pool surface; a filter configured to
retain the debris collected from the submerged surface of the
swimming pool; an electric motor for enabling the rotation
of the rotatably-mounted supports on the pool surface; at
least one camera to capture imagery of the pool surface; a
controller, in electronic communication with the at least one
camera, to determine a cleanliness characteristic of the pool
surface on which the cleaner has passed based on the camera
imagery and generate a control signal to direct movement of
the cleaner based on the cleanliness characteristic of the pool
surface; and a portable electronic device is configured to
present a graphic on a display, the graphic depicting the
submerged surface of the pool and those portions of the
surface that remain uncleaned as the cleaner traverses the
pool surface.

In one aspect, the at least one camera is carried by the
cleaner. In another aspect, the controller is carried by the
cleaner. In still another aspect, the electric motor is mechani-
cally connected to at least one of the rotatably-mounted
supports.

In yet another aspect, the controller is operable to execute
one or more cleaning programs for cleaning the submerged
surfaces of the pool. In one aspect, the control signal causes
the cleaner to drive in a direction to clean a portion of the
pool surface based on the cleanliness characteristic of the
pool surface. Alternatively, the control signal causes the
cleaner to steer in a direction to clean a portion of the pool
surface based on the cleanliness characteristic of the pool
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surface. In another aspect, the control signal causes the
cleaner to drive in a direction to re-clean a portion of the
pool surface over which the cleaner has passed. Alterna-
tively, the control signal causes the cleaner to steer in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed.

In one aspect, the captured imagery from the at least one
camera is digitally processed by the controller to determine
the cleanliness characteristic of the pool surface. Alterna-
tively, the captured imagery from the at least one camera is
digitally processed by a remote processor to determine the
cleanliness characteristic of the pool surface.

In another aspect, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the dry station includes the
controller. Alternatively, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the controller is located
remotely from the cleaner and the dry station. In still another
aspect, the controller controls electric power provided to the
electric motor.

In one aspect, the control signal causes the cleaner to
move in a direction of a portion of the pool surface to be
cleaned based solely upon signals received from the camera.
In another aspect, the control signal causes the cleaner to
drive in a direction to clean a portion of the pool surface
based on the cleanliness characteristic of the pool surface.
Alternatively, the control signal causes the cleaner to steer in
a direction to clean a portion of the pool surface based on the
cleanliness characteristic of the pool surface. In yet another
aspect, the control signal causes the cleaner to drive in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed. Alternatively, the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an ex ample pool
cleaning system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may
be carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool
22 containing a liquid 24. In particular, pool cleaning system
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20 is adapted to clean at least a bottom or floor surface 26
of the pool 22 and possibly to additionally clean surfaces 28
of pool 22. As will be described hereafter, pool cleaning
system facilitates the control and monitoring of a robotic
pool cleaner to better assure that all portions of pool 22 are
satisfactorily cleaned.

Pool cleaning system 20 comprises vehicle 30, cameras
32 and controller 42. Vehicle 30 comprises an automated
powered device configured to travel adjacent to submerged
or water containing surfaces of pool 20 (such as floor 26
and/or side surfaces 28) while cleaning such surfaces. In one
implementation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw
debris, such as bacterial growth or plant growth, from such
pool surfaces, wherein the drawn liquid containing such
residue or foreign matter is filtered to collect the debris. In
other implementations, vehicle 30 may not collect such
debris, wherein vehicle 30 merely loosens such debris on the
pool surfaces such that the loosened or separated debris may
be subsequently removed using the existing liquid filtering
system of pool 22.

To assist in the loosening of debris, in one implementa-
tion, vehicle 30 may additionally include a chemical dis-
penser to closely apply pool cleaning chemicals to the pool
surfaces as the vehicle 30 traverses such surfaces. In one
implementation, vehicle 30 may additionally or alternatively
include one or more scrubbing members, such as active
(driven) or passive (undriven or idling) brushes, to assist in
the removal of residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may
additionally or alternatively include liquid jets to assist in
the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the sub-
merged pool surfaces using wheels, rollers, tracks or other
surface contacting members powered by a motor and the
like. Such wheels, rollers or tracks may themselves include
the scrubbing members used to clean the surfaces. In one
implementation vehicle 30 may also alternatively be pro-
pelled by means of the vacuum or liquid jet. The vacuum or
liquid jets used for such propulsion nozzle facilitate loos-
ening of debris for collection by vehicle 30. In other
implementations, vehicle 30 may include other propulsion
mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged
within pool 22. In other implementations, cameras 32
merely capture images of submerged surfaces 26, 28 of pool
22.

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a pre-
defined age, such as a child, is present at pool 22 without a
detected presence of a recognized adult. In another imple-
mentation, cameras 32 may detect the presence of an unau-
thorized person or intruder at pool 22. Identification of the
person may be achieved by an off-site human or computer-
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4

ized monitoring system, wherein signals from cameras 32
are transmitted across a wide area network or may be
achieved with software of controller 42 which includes
facial recognition or other identification programming.

Because pool cleaning system 20 utilizes pre-existing
cameras 32 provided as part of a security system or shares
the use of cameras 32 with such a home or pool security
system, pool cleaning system 20 is easier to set up, less
complex and less expensive. In other implementations, pool
cleaning system 20 may utilize dedicated cameras 22 inde-
pendent of any cameras associated with a home, facility or
pool security system. In such an alternative system, cameras
32 may be more precisely focused upon pool 22 and surfaces
26, 28 while also including appropriate lenses or modifica-
tions to account for glare, refraction and the like to better
facilitate the capture of surfaces and vehicle 30 which are
submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For pur-
poses of this application, the term “processing unit” shall
mean a presently developed or future developed processing
unit that executes sequences of instructions contained in a
memory. Execution of the sequences of instructions causes
the processing unit to perform steps such as generating
control signals. The instructions may be loaded in a random
access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or
some other persistent storage. In other embodiments, hard
wired circuitry may be used in place of or in combination
with software instructions to implement the functions
described. For example, controller 42 may be embodied as
part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller
is not limited to any specific combination of hardware
circuitry and software, nor to any particular source for the
instructions executed by the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connec-
tion. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless
connection, such as cross a local area network (LAN or a
wide area network (WAN) such as the Internet. One of
limitation, controller 42 may communicate with vehicle 30
and cameras 32 using a combination of both wired and
wireless communication connections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cam-
eras 32. In one implementation, controller 42 provides the
sole steering directions for vehicle 30 using signals from
cameras 32. Because vehicle 30 is precisely steered under
the control of controller 42, rather than traveling in a random
manner, entire summer surfaces of pool 22 may be more
quickly and efficiently covered and cleaned. Because con-
troller 42 provides the only steering instructions for vehicle
30 and utilizes signals from cameras 32, complex steering
algorithms or codes in either vehicle 30 or controller 42 may
be omitted to reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of 22 have been cleaned, that no spots have been
missed. Upon identifying a missed spot, controller 42 uti-
lizes signals from camera 32 to steer vehicle 32 over such
missed portions of surfaces 26, 28. According to one

Page 12



Case 3:25-cv-01946-GPC-JLB

Document 1-5

Filed 07/31/25 PagelD.65

of 120

US 11,880,207 B2

5

example, controller 42 not only uses signals from camera 32
to determine whether any portions of surfaces 26, 28 have
been missed entirely, but to also determine whether any
portions of surfaces 26,28 have been cleaned, but not to a
satisfactory degree or extent. In such circumstances, con-
troller 42 uses signals from cameras 32 to steer vehicle 34
such areas to re-clean such portions until such portions have
been satisfactorily cleaned such that the portions have a
cleanliness characteristic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
components of pool cleaning system 120 which correspond
to components of pool cleaning system 20 are numbered
similarly.

Dry station 46 comprises a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry sta-
tion 46 communicates with vehicle 30 in a wired fashion. In
such an implementation, dry station 46 further provides
electrical power to vehicle 30 in a wired fashion. Dry station
46 communicates with cameras 32 and either a wired or
wireless fashion.

Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one
implementation, display 50 is utilized by pool cleaning
system 120 and a controller 42 to present a graphical
depiction of those portions of surfaces 26, 28 of pool 22 have
not been satisfactorily cleaned so as to satisty a predefined
cleanliness characteristic threshold. Such portions may com-
prise portions that have been completely missed by vehicle
30 as well as those portions that have been covered by
vehicle 30 but have not been satisfactorily cleaned with the
given number of passes of vehicle 30 or the existing cleaning
settings of vehicle 30. The graphical depiction presented on
display 50 enables a person view the quality of the prior
cleaning session and to input commands causing controller
42 to generate control signals using signals from camera 32
to steer vehicle 30 back to such identified portions where
such portions may be cleaned at the same or elevated
cleaning aggressiveness settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to
visually determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system
20. Pool cleaning system 220 is similar to pool cleaning
system 20 except that pool cleaning system 220 additionally
comprises dry station 246, display 50, and remote server
254. Those remaining components of pool cleaning system
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220 which correspond to components of pool cleaning
system 20 or pool cleaning system 120 are numbered
similarly.

Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
comprise a wide area network, such as the Internet. For
example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246
may communicate across a local area network to controller
42. In another implementation, dry station 246 may com-
municate through a router, across a local area network, to a
local modem which communicates across a network 260.
The example illustrated, dry station 246 further provides
part of vehicle 30 across a wired cable or wired connection.
Display 50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from
cameras 32, controller 42 generates control signals which
are transmitted back across network 260 and through dry
station 246 to vehicle 30 to steer vehicle 30.

As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon
signals from cameras 32 transmitted across dry station 246
of system 320. In such an implementation, the cost and
complexity of pool cleaning system 220 is reduced since
controller 42 is remotely provided at remote server 254
which services multiple pool cleaning systems 220,320.
Upgrades to controller 42 and its software are also more
easily achieved for all pool cleaning systems to 20, 320 and
their pools 22, 222 being serviced. In one implementation,
the supervised cleaning, inspection and possible re-cleaning
facilitated by the use of cameras 32 may be provided as part
of a subscription to users of vehicle 30. In such an imple-
mentation, a pool 22 having security cameras 32 may be
upgraded with appropriate software or an appropriate soft-
ware module added to dry station 246 to make a network
connection with controller 42 which directs the security
cameras 32 to capture vehicle 30 utilizes such signals for
steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pool cleaning
system 120 except that pool cleaning system 420 addition-
ally comprises a portable electronic device 464. Those
remaining components of pool cleaning system 420 which
correspond to components of pool cleaning system 120 are
numbered similarly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such
a portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illus-
trated, PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PED 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
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generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard. In
other implementations, input 466 may comprise a touchpad,
a stylus, a microphone with associated speech recognition
software or programming, a touch screen, buttons, switches
and the like. In some implementations, input 466 may
comprise a touch screen incorporated as part of display 468.

Display 468 comprises a user interface by which graphi-
cal or textual data is presented to a user. Display 468 may
present the same or similar information as presented at dry
station 246 by display 50 as described above. In one
implementation, display 468 comprises a liquid crystal
display. In other implementations, display 468 may com-
prise other types of display technology such as a light
emitting diode display, an organic light emitting diode
display (OLEDD), an electronic ink (e-ink) display or other
types of display technology in present use or developed in
the future. Although system 420 is illustrated as including
controller 422 is part of dry station 46, in some implemen-
tations, controller 42 may alternatively be located as part of
PED 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle
30 of system 420. PED 464 provides a person with a
graphical presentation (described above with respect to
display 50) indicating those portions of surfaces 26, 28 of
pool 22 that have been completed as well as those portions
26, 20 and that remain to be cleaned. The person may also
be provided with a graphical indication of what portions
need to be re-cleaned to meet predetermined cleanliness
thresholds. In the example illustrated, input 466 enables a
person to enter commands or selections which are transmit-
ted across network 260 to controller 42 to adjust operation
of vehicle 30. For example, the path or route of vehicle 30
may be changed, the aggressiveness of the cleaning chemi-
cals or mechanical cleaning devices may be adjusted, the
speed at which vehicle 30 traverses surfaces 26, 28 may be
adjusted. In response to such adjustment signals from PED
464, controller 42 may utilize signals from cameras 32 to
adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system
20. Pool cleaning system 520 is similar to pool cleaning
system 420 except that pool cleaning system 520 addition-
ally comprises a remote server 554. Those remaining com-
ponents of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered
similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which
is in communication with dry station 246 across network
260. Remote server 254 includes controller 42. During
operation, signals from cameras 32 are transmitted across
dry station 246 across network 260 to controller 42 of
remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30. Controller 42 further relays
either the raw signals from camera 32 or image signals
generated based upon signals from cameras 32 to PED 464,
wherein such images (described above) are presented on
display 468. As noted above, PED may further receive
commands through input 466, wherein such commands are
transmitted to controller 42 which generates control signals
that are ultimately transmitted to vehicle 30 for steering
vehicle 30.
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As with remote server 254, remote server 554 and net-
work 260 may be shared as part of other pool cleaning
systems 320 (shown in FIG. 3), wherein controller 42
generates control signals for steering the pool cleaning
vehicle 30 of system 320 based upon signals from cameras
32 transmitted across dry station 246 of system 320. In such
implementations, controller 42 of remote server 554 may
interact with other PEDs 464. In such an implementation,
the cost and complexity of pool cleaning system 220 is
reduced since controller 42 is remotely provided at remote
server 254 which services multiple pool cleaning systems
220, 320. Upgrades to controller 42 and its software are also
more easily achieved for all pool cleaning systems to 20, 320
and their pools 22, 222 being serviced. In one implementa-
tion, the supervised cleaning, inspection and possible re-
cleaning facilitated by the use of cameras 32 may be
provided as part of a subscription to users of vehicle 30. In
such an implementation, a pool 22 having security cameras
32 may be upgraded with appropriate software or an appro-
priate software module added to dry station 246 to make a
network connection with controller 42 which directs the
security cameras 32 to capture vehicle 30 utilizes such
signals for steering vehicle 30. As indicated by broken lines,
in other implementations, the controller 42 for generating
control signals steering vehicle 30 based upon signals from
cameras 32 may alternatively be relocated in PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller
42 obtain such signals from cameras 32 for the surfaces of
pool 22 that have been cleaned. As indicated by step 606,
controller 42 uses information gathered from the signals
from cameras 32 to identify those portions of surfaces 26, 28
not satisfactorily cleaned not satistying a predefined clean-
liness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely
by vehicle 30 during a pool cleaning session may be
automatically deemed to not satisfy a predetermined clean-
liness characteristic.

As indicated by step 608, based upon such determina-
tions, controller 42 generates control signals resulting in the
presentation of a graphical depiction of those portions of
pool 22 that has not been satisfactorily cleaned. Such
graphical representations or depictions may be presented on
display 50 or display 468. FIGS. 7 and 8 illustrate examples
of graphical depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28
of pool 22 and a second portion 626 representing the floor
26 of pool 22. Graphical depiction 620 further comprises a
moving icon 628 representing the current positioning of
vehicle 30. In one implementation, the path of vehicle 30
may additionally be depicted by icon 628 shown in broken
lines. As shown by FIG. 7, those portions 632 of surfaces 26,
28 of pool 22 (shown in FIG. 1) over which of vehicle 30 has
moved are identified by graphical depiction 620 either by
color, markings or other various distinctive attributes. Like-
wise, those portions 634 of surfaces 26, 28 of pool 22 that
have not been covered by vehicle 30 are identified by a
distinct color col marking or distinctive attribute of depic-
tion 620. As a result, a person may view the current position
of vehicle 30, the extent to which pool 22 has been cleaned
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or covered by vehicle 30 and the extent of pool 22 that
remains to be cleaned. In the example illustrated, depiction
620 further identifies those portions 638 of surfaces 26, 28
that have been cleaned, but which have not been cleaned to
a satisfactory degree or extent. In one implementation,
portions 638 may be identified by colors, brightness, mark-
ings or other visually distinctive attributes that are visually
distinct from both portions 632 and portions 634. In other
implementations, portions 638 may have the same charac-
teristic of portions 634. In yet other implementations, dif-
ferent portions 638 may have different visual attributes
depending upon a degree to which such clean portions have
failed to satisfy the predefined cleanliness characteristic
threshold. In some implementations, different port 638 may
have different visual attributes depending upon different
cleaning strategies that may be recommended for the dif-
ferent portions 638. For example, controller 42 may deter-
mine and recommend a first cleaning strategy (a first chemi-
cal solution jetted at a first rate and scrubbed at a first rate)
with respect to a first portion 638 and may recommend a
second different cleaning strategy (a second chemical solu-
tion jetted at a second rate is about a second rate) with
respect to a second portion 638, wherein the different
cleaning strategies are represented by different visual attri-
butes presented in depiction 620.

FIG. 8 illustrates display 468 presenting a graphical
depiction 720. Graphical depiction 720 comprises a first
graphic 622 having a first portion 624 representing sides or
walls 28 of pool 22 and a second portion 626 representing
the floor 26 of pool 22 (shown in FIG. 1). Graphical
depiction 720 is similar to graphical depiction 620 except
that graphical depiction 720 omits icon 628 presenting
vehicle 30. Like depiction 620, depiction 720 graphically
depicts those portions 632 of surfaces 26, 28 over which
vehicle 30 has traveled while in a cleaning mode. Depiction
720 also visually depicts those portions 634 that have not
been covered by vehicle 30 in the cleaning mode and those
portions 638 over Which vehicle 30 has traveled while in the
cleaning mode, but which have not been cleaned to a
satisfactory degree. As illustrated in FIG. 8, different por-
tions 638 may be visibly distinguished from one another
through color, text or markings indicating either differences
in the cleanliness of such portions 638 or indicating different
recommended cleaning strategies or approaches that may be
selected by a person using input 466 when vehicle 30 is
steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of
pool 22, such as portions 638. Such steering may be facili-
tated by using signals from cameras 32. As noted above, in
some implementations, a person may be allowed Choose a
cleaning approach for a particular portion 638 using input
466. The selection may be facilitated by visual inspection of
the different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some
implementations, input 466 may additionally be utilized by
a person to prioritize an order in Which portions 638 are
re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
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power source 831 through a power line or power cable 833
to vehicle 830. In the example illustrated, data communica-
tion and communication of control signals, also occurs
across wired connections within or alongside the same line
833. In the example illustrated, remote server 554 serves as
a communication link by which upgrades to controller 42
may be implemented across a wide number of pool cleaning
systems and by which information from controller 42 is
conveyed to one or more portable electronic devices 464
across network 260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device. Vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900
provide traction and propulsion for vehicle 30. Vehicle 830
comprises rotating brushes 902 to loosen waterline buildup
and breakdown large debris while power washing jets 904
flush out dirt from pores, seems in corners where brushes
902 may not be able to reach. The loosened dirt and debris
is vacuumed through off-center vacuum ports 906 which
passes the vacuumed debris through internally house filter
bag. In the example illustrated, vehicle 830 further com-
prises rollers 908 which inhibit vehicle 830 from becoming
impeded or stuck on raised drains or pop-up heads. Although
illustrated as being employed with system 820, vehicle 830
may also be utilized with any of systems 20, 120, 220, 320
and 420. In other implementations, other robotic or auto-
mated pool cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
claimed subject matter. For example, although different
example embodiments may have been described as includ-
ing one or more features providing one or in ore benefits, it
is contemplated that the described features may be inter-
changed with one another or alternatively be combined with
one another in the described example embodiments or in
other alternative embodiments. Because the technology of
the present disclosure is relatively complex, not all changes
in the technology are foreseeable. The present disclosure
described with reference to the example embodiments and
set forth in the following claims is manifestly intended to be
as broad as possible. For example, unless specifically oth-
erwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements.

What is claimed is:

1. A self-propelled pool cleaning system for cleaning
debris from a submerged surface of a swimming pool,
comprising:

a. a vehicle body;

b. means for moving the vehicle body within the swim-

ming pool;

c. a filter configured to retain debris collected from the

submerged surface;
d. at least one camera for capturing an image of at least
a first object within the swimming pool; and

e. a controller (i) in electronic communication with the at
least one camera and (ii) configured to generate, in
response to the captured image, at least one control
signal to cause movement of the body within the
swimming pool to, or away from, the first object.

2. A pool system comprising:

at least one piece of equipment for a swimming pool or

spa;
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one or more cameras configured to capture video or
images of at least a portion of a location including the
swimming pool or spa; and

a controller in communication with the at least one piece

of equipment and the one or more cameras, the con-
troller configured to receive visual data from the one or
more cameras and determine a control action for the at
least one piece of equipment based on the received
visual data.

3. The pool system of claim 2, wherein the at least one
piece of equipment comprises a cleaning device with one or
more propulsion mechanisms, the cleaning device config-
ured to travel adjacent to submerged or water-containing
surfaces of the swimming pool or spa and to perform a
cleaning operation.

4. The pool system of claim 2, wherein the one or more
cameras are mounted external to the swimming pool or spa.

5. The pool system of claim 2, wherein the one or more
cameras are mounted on the at least one piece of equipment.

6. The pool system of claim 2, wherein the one or more
cameras are submergible or submerged within the swim-
ming pool or spa.

7. The pool system of claim 2, wherein the controller is
configured to detect a characteristic of the location based on
the visual data and control the piece of equipment based on
the detected characteristic.

8. The pool system of claim 7, wherein the characteristic
comprises a cleanliness of a surface of the swimming pool,
and wherein the controller is configured to control the piece
of equipment based on the detected cleanliness being outside
of a threshold.

9. The pool system of claim 2, wherein the controller is
configured to communicate with the at least one piece of
equipment and the one or more cameras via a wireless
connection.

10. The pool system of claim 2, wherein the controller is
further configured to present a graphical depiction on a
remote device based on the received visual data as the
control action.

11. The pool system of claim 2, wherein the controller is
remote from the camera.

12. A method for monitoring a pool system, the method
comprising:

receiving images of at least a portion of a location

including a swimming pool or spa from one or more
cameras;

Patent Owner Zodiac Pool Systems LLC
Exhibit 2001 - Page 68 of 172

5

20

25

30

35

40

12

determining a target area and detecting a characteristic of

the target area based on the images; and

generating a control response based on the detected

characteristic of the target area.

13. The method of claim 12, wherein the target area
comprises a portion of a surface of the swimming pool or
spa, and wherein the characteristic comprises a cleanliness
characteristic of the portion of the surface of the swimming
pool or spa.

14. The method of claim 12, wherein generating the
control response comprises controlling an operation of a
piece of equipment of the swimming pool or spa.

15. The method of claim 12, wherein generating the
control response comprises generating an alert on a remote
device.

16. The method of claim 12, wherein generating the
control response comprises wirelessly communicating with
a piece of equipment for the swimming pool or spa or a
remote device.

17. The method of claim 12, wherein generating the
control response comprises prompting a user on a remote
device, and wherein the method further comprises receiving
a control input from the user on the remote device for
controlling a piece of equipment of the swimming pool or
spa.

18. The method of claim 17, wherein prompting the user
comprises providing recommended cleaning strategies for a
cleaning device based on the detected characteristic of the
target area.

19. The method of claim 12, wherein generating the
control response comprises controlling operation of a clean-
ing device configured to travel adjacent to submerged or
water-containing surfaces of the swimming pool or spa and
to perform a cleaning operation, wherein controlling opera-
tion of the cleaning device comprises one or more of
controlling a path or route of the cleaning device, an
aggressiveness of cleaning chemicals deployed, an aggres-
siveness of mechanical cleaning, or a speed of the cleaning
device.

20. The method of claim 19, wherein the characteristic of
the target area is a presence of a person at the swimming
pool or spa, and wherein generating the control response is
based on the detected presence of the person satisfying a
predefined characteristic.

* * £ # £l
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1
POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/919,750, filed Jul. 2, 2020, which is a
continuation of U.S. patent application Ser. No. 16/416,840,
filed May 20, 2019 (now U.S. Pat. No. 10,739,785), which
is a continuation of U.S. patent application Ser. No. 15/973,
983, filed May 8, 2018 (now U.S. Pat. No. 10,338,599),
which is a continuation of U.S. patent application Ser. No.
15/207,065, filed Jul. 11, 2016 (now U.S. Pat. No. 9,995,
051), which is a continuation of U.S. patent application Ser.
No. 13/545,918, filed Jul. 10, 2012 (now U.S. Pat. No.
9,388,595), the contents of all of which are incorporated
herein by reference in their entireties.

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result,
automated robotic pool cleaners have been developed. How-
ever, controlling and monitoring such automated robotic
pool cleaners to insure that all portions of the pool surfaces
are satisfactorily cleaned remains a challenge.

SUMMARY OF THE INVENTION

The disadvantages heretofore associated with the prior art
are overcome by the present invention of a pool cleaning
system for cleaning debris from a submerged surface of a
swimming pool comprising: a self-propelled pool cleaner
having rotatably-mounted supports for supporting and guid-
ing the cleaner on the pool surface; a filter configured to
retain the debris collected from the submerged surface of the
swimming pool; an electric motor for enabling the rotation
of the rotatably-mounted supports on the pool surface; at
least one camera to capture imagery of the pool surface; a
controller, in electronic communication with the at least one
camera, to determine a cleanliness characteristic of the pool
surface on which the cleaner has passed based on the camera
imagery and generate a control signal to direct movement of
the cleaner based on the cleanliness characteristic of the pool
surface; and a portable electronic device is configured to
present a graphic on a display, the graphic depicting the
submerged surface of the pool and those portions of the
surface that remain uncleaned as the cleaner traverses the
pool surface.

In one aspect, the at least one camera is carried by the
cleaner. In another aspect, the controller is carried by the
cleaner. In still another aspect, the electric motor is mechani-
cally connected to at least one of the rotatably-mounted
supports.

In yet another aspect, the controller is operable to execute
one or more cleaning programs for cleaning the submerged
surfaces of the pool. In one aspect, the control signal causes
the cleaner to drive in a direction to clean a portion of the
pool surface based on the cleanliness characteristic of the
pool surface. Alternatively, the control signal causes the
cleaner to steer in a direction to clean a portion of the pool
surface based on the cleanliness characteristic of the pool
surface. In another aspect, the control signal causes the
cleaner to drive in a direction to re-clean a portion of the
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pool surface over which the cleaner has passed. Alterna-
tively, the control signal causes the cleaner to steer in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed.

In one aspect, the captured imagery from the at least one
camera is digitally processed by the controller to determine
the cleanliness characteristic of the pool surface. Alterna-
tively, the captured imagery from the at least one camera is
digitally processed by a remote processor to determine the
cleanliness characteristic of the pool surface.

In another aspect, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the dry station includes the
controller. Alternatively, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the controller is located
remotely from the cleaner and the dry station. In still another
aspect, the controller controls electric power provided to the
electric motor.

In one aspect, the control signal causes the cleaner to
move in a direction of a portion of the pool surface to be
cleaned based solely upon signals received from the camera.
In another aspect, the control signal causes the cleaner to
drive in a direction to clean a portion of the pool surface
based on the cleanliness characteristic of the pool surface.
Alternatively, the control signal causes the cleaner to steer in
a direction to clean a portion of the pool surface based on the
cleanliness characteristic of the pool surface. In yet another
aspect, the control signal causes the cleaner to drive in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed. Alternatively, the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an example pool
cleaning system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may
be carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool
22 containing a liquid 24. In particular, pool cleaning system
20 is adapted to clean at least a bottom or floor surface 26
of the pool 22 and possibly to additionally clean surfaces 28
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of pool 22. As will be described hereafter, pool cleaning
system facilitates the control and monitoring of a robotic
pool cleaner to better assure that all portions of pool 22 are
satisfactorily cleaned.

Pool cleaning system 20 comprises vehicle 30, cameras
32 and controller 42. Vehicle 30 comprises an automated
powered device configured to travel adjacent to submerged
or water containing surfaces of pool 20 (such as floor 26
and/or side surfaces 28) while cleaning such surfaces. In one
implementation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw
debris, such as bacterial growth or plant growth, from such
pool surfaces, wherein the drawn liquid containing such
residue or foreign matter is filtered to collect the debris. In
other implementations, vehicle 30 may not collect such
debris, wherein vehicle 30 merely loosens such debris on the
pool surfaces such that the loosened or separated debris may
be subsequently removed using the existing liquid filtering
system of pool 22.

To assist in the loosening of debris, in one implementa-
tion, vehicle 30 may additionally include a chemical dis-
penser to closely apply pool cleaning chemicals to the pool
surfaces as the vehicle 30 traverses such surfaces. In one
implementation, vehicle 30 may additionally or alternatively
include one or more scrubbing members, such as active
(driven) or passive (undriven or idling) brushes, to assist in
the removal of residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may
additionally or alternatively include liquid jets to assist in
the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the sub-
merged pool surfaces using wheels, rollers, tracks or other
surface contacting members powered by a motor and the
like. Such wheels, rollers or tracks may themselves include
the scrubbing members used to clean the surfaces. In one
implementation vehicle 30 may also alternatively be pro-
pelled by means of the vacuum or liquid jets. The vacuum
or liquid jets used for such propulsion nozzle facilitate
loosening of debris for collection by vehicle 30. In other
implementations, vehicle 30 may include other propulsion
mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged
within pool 22. In other implementations, cameras 32
merely capture images of submerged surfaces 26, 28 of pool
22.

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a pre-
defined age, such as a child, is present at pool 22 without a
detected presence of a recognized adult. In another imple-
mentation, cameras 32 may detect the presence of an unau-
thorized person or intruder at pool 22. Identification of the
person may be achieved by an off-site human or computer-
ized monitoring system, wherein signals from cameras 32
are transmitted across a wide area network or may be
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achieved with software of controller 42 which includes
facial recognition or other identification programming.

Because pool cleaning system 20 utilizes pre-existing
cameras 32 provided as part of a security system or shares
the use of cameras 32 with such a home or pool security
system, pool cleaning system 20 is easier to set up, less
complex and less expensive. In other implementations, pool
cleaning system 20 may utilize dedicated cameras 22 inde-
pendent of any cameras associated with a home, facility or
pool security system. In such an alternative system, cameras
32 may be more precisely focused upon pool 22 and surfaces
26, 28 while also including appropriate lenses or modifica-
tions to account for glare, refraction and the like to better
facilitate the capture of surfaces and vehicle 30 which are
submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For pur-
poses of this application, the term “processing unit” shall
mean a presently developed or future developed processing
unit that executes sequences of instructions contained in a
memory. Execution of the sequences of instructions causes
the processing unit to perform steps such as generating
control signals. The instructions may be loaded in a random
access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or
some other persistent storage. In other embodiments, hard
wired circuitry may be used in place of or in combination
with software instructions to implement the functions
described. For example, controller 42 may be embodied as
part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller
is not limited to any specific combination of hardware
circuitry and software, nor to any particular source for the
instructions executed by the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connec-
tion. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless
connection, such as cross a local area network (LAN) or a
wide area network (WAN) such as the Internet. One of
limitation, controller 42 may communicate with vehicle 30
and cameras 32 using a combination of both wired and
wireless communication connections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cam-
eras 32. In one implementation, controller 42 provides the
sole steering directions for vehicle 30 using signals from
cameras 32. Because vehicle 30 is precisely steered under
the control of controller 42, rather than traveling in a random
manner, entire summer surfaces of pool 22 may be more
quickly and efficiently covered and cleaned. Because con-
troller 42 provides the only steering instructions for vehicle
30 and utilizes signals from cameras 32, complex steering
algorithms or codes in either vehicle 30 or controller 42 may
be omitted to reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of pool 22 have been cleaned, that no spots have
been missed. Upon identifying a missed spot, controller 42
utilizes signals from camera 32 to steer vehicle 32 over such
missed portions of surfaces 26, 28. According to one
example, controller 42 not only uses signals from camera 32
to determine whether any portions of surfaces 26, 28 have
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been missed entirely, but to also determine whether any
portions of surfaces 26, 28 have been cleaned, but not to a
satisfactory degree or extent. In such circumstances, con-
troller 42 uses signals from cameras 32 to steer vehicle 34
such areas to re-clean such portions until such portions have
been satisfactorily cleaned such that the portions have a
cleanliness characteristic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
components of pool cleaning system 120 which correspond
to components of pool cleaning system 20 are numbered
similarly.

Dry station 46 comprises a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry sta-
tion 46 communicates with vehicle 30 in a wired fashion. In
such an implementation, dry station 46 further provides
electrical power to vehicle 30 in a wired fashion. Dry station
46 communicates with cameras 32 and either a wired or
wireless fashion.

Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one
implementation, display 50 is utilized by pool cleaning
system 120 and a controller 42 to present a graphical
depiction of those portions of surfaces 26, 28 of pool 22 have
not been satisfactorily cleaned so as to satisty a predefined
cleanliness characteristic threshold. Such portions may com-
prise portions that have been completely missed by vehicle
30 as well as those portions that have been covered by
vehicle 30 but have not been satisfactorily cleaned with the
given number of passes of vehicle 30 or the existing cleaning
settings of vehicle 30. The graphical depiction presented on
display 50 enables a person view the quality of the prior
cleaning session and to input commands causing controller
42 to generate control signals using signals from camera 32
to steer vehicle 30 back to such identified portions where
such portions may be cleaned at the same or elevated
cleaning aggressiveness settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to
visually determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system
20. Pool cleaning system 220 is similar to pool cleaning
system 20 except that pool cleaning system 220 additionally
comprises dry station 246, display 50, and remote server
254. Those remaining components of pool cleaning system
220 which correspond to components of pool cleaning
system 20 or pool cleaning system 120 are numbered
similarly.
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Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
comprise a wide area network, such as the Internet. For
example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246
may communicate across a local area network to controller
42. In another implementation, dry station 246 may com-
municate through a router, across a local area network, to a
local modem which communicates across a network 260.
The example illustrated, dry station 246 further provides
part of vehicle 30 across a wired cable or wired connection.
Display 50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from
cameras 32, controller 42 generates control signals which
are transmitted back across network 260 and through dry
station 246 to vehicle 30 to steer vehicle 30.

As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon
signals from cameras 32 transmitted across dry station 246
of system 320. In such an implementation, the cost and
complexity of pool cleaning system 220 is reduced since
controller 42 is remotely provided at remote server 254
which services multiple pool cleaning systems 220, 320.
Upgrades to controller 42 and its software are also more
easily achieved for all pool cleaning systems to 20, 320 and
their pools 22, 222 being serviced. In one implementation,
the supervised cleaning, inspection and possible re-cleaning
facilitated by the use of cameras 32 may be provided as part
of a subscription to users of vehicle 30. In such an imple-
mentation, a pool 22 having security cameras 32 may be
upgraded with appropriate software or an appropriate soft-
ware module added to dry station 246 to make a network
connection with controller 42 which directs the security
cameras 32 to capture vehicle 30 utilizes such signals for
steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pool cleaning
system 120 except that pool cleaning system 420 addition-
ally comprises a portable electronic device 464. Those
remaining components of pool cleaning system 420 which
correspond to components of pool cleaning system 120 are
numbered similarly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such
a portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illus-
trated, PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PED 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard in other
implementations, input 466 may comprise a touchpad, a
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stylus, a microphone with associated speech recognition
software or programming, a touch screen, buttons, switches
and the like. In some implementations, input 466 may
comprise a touch screen incorporated as part of display 468.

Display 468 comprises a user interface by which graphi-
cal or textual data is presented to a user. Display 468 may
present the same or similar information as presented at dry
station 246 by display 50 as described above. In one
implementation, display 468 comprises a liquid crystal
display. In other implementations, display 468 may com-
prise other types of display technology such as a light
emitting diode display, an organic light emitting diode
display (OLED), an electronic ink (e-ink) display or other
types of display technology in present use or developed in
the future. Although system 420 is illustrated as including
controller 422 is part of dry station 46, in some implemen-
tations, controller 42 may alternatively be located as part of
PED 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle
30 of system 420. PED 464 provides a person with a
graphical presentation (described above with respect to
display 50) indicating those portions of surfaces 26, 28 of
pool 22 that have been completed as well as those portions
26, 20 and that remain to be cleaned. The person may also
be provided with a graphical indication of what portions
need to be re-cleaned to meet predetermined cleanliness
thresholds. In the example illustrated, input 466 enables a
person to enter commands or selections which are transmit-
ted across network 260 to controller 42 to adjust operation
of vehicle 30. For example, the path or route of vehicle 30
may be changed, the aggressiveness of the cleaning chemi-
cals or mechanical cleaning devices may be adjusted, the
speed at which vehicle 30 traverses surfaces 26, 28 may be
adjusted. In response to such adjustment signals from PED
464, controller 42 may utilize signals from cameras 32 to
adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system
20. Pool cleaning system 520 is similar to pool cleaning
system 420 except that pool cleaning system 520 addition-
ally comprises a remote server 554. Those remaining com-
ponents of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered
similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which
is in communication with dry station 246 across network
260. Remote server 254 includes controller 42. During
operation, signals from cameras 32 are transmitted across
dry station 246 across network 260 to controller 42 of
remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30. Controller 42 further relays
either the raw signals from camera 32 or image signals
generated based upon signals from cameras 32 to PED 464,
wherein such images (described above) are presented on
display 468. As noted above, PED may further receive
commands through input 466, wherein such commands are
transmitted to controller 42 which generates control signals
that are ultimately transmitted to vehicle 30 for steering
vehicle 30.

As with remote server 254, remote server 554 and net-
work 260 may be shared as part of other pool cleaning
systems 320 (shown in FIG. 3), wherein controller 42
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generates control signals for steering the pool cleaning
vehicle 30 of system 320 based upon signals from cameras
32 transmitted across dry station 246 of system 320. In such
implementations, controller 42 of remote server 554 may
interact with other PEDs 464. In such an implementation,
the cost and complexity of pool cleaning system 220 is
reduced since controller 42 is remotely provided at remote
server 254 which services multiple pool cleaning systems
220, 320. Upgrades to controller 42 and its software are also
more easily achieved for all pool cleaning systems to 20, 320
and their pools 22, 222 being serviced. In one implementa-
tion, the supervised cleaning, inspection and possible re-
cleaning facilitated by the use of cameras 32 may be
provided as part of a subscription to users of vehicle 30. In
such an implementation, a pool 22 having security cameras
32 may be upgraded with appropriate software or an appro-
priate software module added to dry station 246 to make a
network connection with controller 42 which directs the
security cameras 32 to capture vehicle 30 utilizes such
signals for steering vehicle 30. As indicated by broken lines,
in other implementations, the controller 42 for generating
control signals steering vehicle 30 based upon signals from
cameras 32 may alternatively be relocated in PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller
42 obtain such signals from cameras 32 for the surfaces of
pool 22 that have been cleaned. As indicated by step 606,
controller 42 uses information gathered from the signals
from cameras 32 to identify those portions of surfaces 26, 28
not satisfactorily cleaned—mnot satisfying a predefined clean-
liness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely
by vehicle 30 during a pool cleaning session may be
automatically deemed to not satisfy a predetermined clean-
liness characteristic.

As indicated by step 608, based upon such determina-
tions, controller 42 generates control signals resulting in the
presentation of a graphical depiction of those portions of
pool 22 that has not been satisfactorily cleaned. Such
graphical representations or depictions may be presented on
display 50 or display 468. FIGS. 7 and 8 illustrate examples
of graphical depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28
of pool 22 and a second portion 626 representing the floor
26 of pool 22. Graphical depiction 620 further comprises a
moving icon 628 representing the current positioning of
vehicle 30. In one implementation, the path of vehicle 30
may additionally be depicted by icon 628 shown in broken
lines. As shown by FIG. 7, those portions 632 of surfaces 26,
28 of pool 22 (shown in FIG. 1) over which of vehicle 30 has
moved are identified by graphical depiction 620 either by
color, markings or other various distinctive attributes. Like-
wise, those portions 634 of surfaces 26, 28 of pool 22 that
have not been covered by vehicle 30 are identified by a
distinct color col marking or distinctive attribute of depic-
tion 620. As a result, a person may view the current position
of vehicle 30, the extent to which pool 22 has been cleaned
or covered by vehicle 30 and the extent of pool 22 that
remains to be cleaned. In the example illustrated, depiction
620 further identifies those portions 638 of surfaces 26, 28
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that have been cleaned, but which have not been cleaned to
a satisfactory degree or extent. In one implementation,
portions 638 may be identified by colors, brightness, mark-
ings or other visually distinctive attributes that are visually
distinct from both portions 632 and portions 634. In other
implementations, portions 638 may have the same charac-
teristic of portions 634 in yet other implementations, differ-
ent portions 638 may have different visual attributes depend-
ing upon a degree to which such clean portions have failed
to satisfy the predefined cleanliness characteristic threshold.
In some implementations, different port 638 may have
different visual attributes depending upon different cleaning
strategies that may be recommended for the different por-
tions 638. For example, controller 42 may determine and
recommend a first cleaning strategy (a first chemical solu-
tion jetted at a first rate and scrubbed at a first rate) with
respect to a first portion 638 and may recommend a second
different cleaning strategy (a second chemical solution jetted
at a second rate is about a second rate) with respect to a
second portion 638, wherein the different cleaning strategies
are represented by different visual attributes presented in
depiction 620.

FIG. 8 illustrates display 468 presenting a graphical
depiction 720. Graphical depiction 720 comprises a first
graphic 622 having a first portion 624 representing sides or
walls 28 of pool 22 and a second portion 626 representing
the floor 26 of pool 22 (shown in FIG. 1). Graphical
depiction 720 is similar to graphical depiction 620 except
that graphical depiction 720 omits icon 628 presenting
vehicle 30. Like depiction 620, depiction 720 graphically
depicts those portions 632 of surfaces 26, 28 over which
vehicle 30 has traveled while in a cleaning mode. Depiction
720 also visually depicts those portions 634 that have not
been covered by vehicle 30 in the cleaning mode and those
portions 638 over which vehicle 30 has traveled while in the
cleaning mode, but which have not been cleaned to a
satisfactory degree. As illustrated in FIG. 8, different por-
tions 638 may be visibly distinguished from one another
through color, text or markings indicating either differences
in the cleanliness of such portions 638 or indicating different
recommended cleaning strategies or approaches that may be
selected by a person using input 466 when vehicle 30 is
steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of
pool 22, such as portions 638. Such steering may be facili-
tated by using signals from cameras 32. As noted above, in
some implementations, a person may be allowed choose a
cleaning approach for a particular portion 638 using input
466. The selection may be facilitated by visual inspection of
the different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some
implementations, input 466 may additionally be utilized by
a person to prioritize an order in which portions 638 are
re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
power source 831 through a power line or power cable 833
to vehicle 830. In the example illustrated, data communica-
tion and communication of control signals, also occurs
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across wired connections within or alongside the same line
833 in the example illustrated, remote server 554 serves as
a communication link by which upgrades to controller 42
may be implemented across a wide number of pool cleaning
systems and by which information from controller 42 is
conveyed to one or more portable electronic devices 464
across network 260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900
provide traction and propulsion for vehicle 30. Vehicle 830
comprises rotating brushes 902 to loosen waterline buildup
and breakdown large debris while power washing jets 904
flush out dirt from pores, seems in corners where brushes
902 may not be able to reach. The loosened dirt and debris
is vacuumed through off-center vacuum ports 906 which
passes the vacuumed debris through internally house filter
bag. In the example illustrated, vehicle 830 further com-
prises rollers 908 which inhibit vehicle 830 from becoming
impeded or stuck on raised drains or pop-up heads. Although
illustrated as being employed with system 820, vehicle 830
may also be utilized with any of systems 20, 120, 220, 320
and 420. In other implementations, other robotic or auto-
mated pool cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
claimed subject matter. For example, although different
example embodiments may have been described as includ-
ing one or more features providing one or more benefits, it
is contemplated that the described features may be inter-
changed with one another or alternatively be combined with
one another in the described example embodiments or in
other alternative embodiments. Because the technology of
the present disclosure is relatively complex, not all changes
in the technology are foreseeable. The present disclosure
described with reference to the example embodiments and
set forth in the following claims is manifestly intended to be
as broad as possible. For example, unless specifically oth-
erwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements.

What is claimed is:

1. A self-propelled pool cleaner for cleaning debris from
a submerged surface of a swimming pool, comprising:

a. a vehicle body;

b. means for moving the vehicle body within the swim-

ming pool;

c. a filter configured to retain debris collected from the
submerged surface;

d. at least one camera mounted directly or indirectly to the
body for capturing an image of at least a first portion of
the submerged surface; and

e. a controller (i) positioned on or in the body, (ii) in
electronic communication with the at least one camera,
and (iii) configured to generate, in response to the
captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.

2. A self-propelled pool cleaner for cleaning debris from
a submerged surface of a swimming pool, comprising:

a. a vehicle body;

b. means for moving the vehicle body within the swim-

ming pool;
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a filter configured to retain debris collected from the
submerged surface;

at least one camera carried by the body for capturing an
image of at least a first portion of the submerged
surface; and

a controller (i) positioned on or in the body, (ii) in
electronic communication with the at least one camera,
and (iii) configured to generate, in response to the
captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.
A self-propelled pool cleaner for cleaning debris from

a submerged surface of a swimming pool, comprising:

a.
b.

C.

d.

o

4.

a vehicle body;

means for moving the vehicle body within the swim-
ming pool;

a filter configured to retain debris collected from the
submerged surface;

at least one camera positioned on or in, or carried by,
the body for capturing an image of at least a first
portion of the submerged surface; and

a controller (i) positioned on or in the body, (ii) in
electronic communication with the at least one camera
and a portable electronic device, and (iii) configured to
generate, in response to at least one of the captured
image or information from the portable electronic
device, at least one control signal to cause movement of
the body within the swimming pool to, or away from,
the first portion of the submerged surface.

A self-propelled pool cleaner for cleaning debris from

a submerged surface of a swimming pool, comprising:

a.

a vehicle body;
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means for moving the vehicle body within the swim-
ming pool;

. a filter configured to retain debris collected from the

submerged surface;

. at least one camera for capturing an image of at least

a first portion of the submerged surface; and

. a controller (i) positioned on or in the body, (ii) in

electronic communication with the at least one camera,
and (iii) configured to generate, in response to the
captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.
A self-propelled pool cleaner for cleaning debris from

a submerged surface of a swimming pool, comprising:

a.
b.

C.

d.

a vehicle body;

means for moving the vehicle body within the swim-
ming pool;

a filter configured to retain debris collected from the
submerged surface;

a chemical dispenser on, in, or carried by the vehicle
body;

. at least one camera on, in, or carried by the vehicle

body, for capturing an image of at least a first portion
of the submerged surface; and

f. a controller (i) on, in, or carried by the vehicle body, (ii)

in electronic communication with the at least one
camera and (iii) configured to generate, in response to
the captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.

& ok ok ok 3k
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1
POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/416,840, filed May 20, 2019 (now allowed),
which is a continuation of U.S. patent application Ser. No.
15/973,983, filed May 8, 2018 (now U.S. Pat. No. 10,338,
599), which is a continuation of U.S. patent application Ser.
No. 15/207,065, filed Jul. 11, 2016 (now U.S. Pat. No.
9,995,051), which is a continuation of U.S. patent applica-
tion Ser. No. 13/545,918, filed Jul. 10, 2012 (now U.S. Pat.
No. 9,388,595), the contents of all of which are incorporated
herein by reference in their entireties.

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result,
automated robotic pool cleaners have been developed. How-
ever, controlling and monitoring such automated robotic
pool cleaners to insure that all portions of the pool surfaces
are satisfactorily cleaned remains a challenge.

SUMMARY OF THE INVENTION

The disadvantages heretofore associated with the prior art
are overcome by the present invention of a pool cleaning
system for cleaning debris from a submerged surface of a
swimming pool comprising: a self-propelled pool cleaner
having rotatably-mounted supports for supporting and guid-
ing the cleaner on the pool surface; a filter configured to
retain the debris collected from the submerged surface of the
swimming pool; an electric motor for enabling the rotation
of the rotatably-mounted supports on the pool surface; at
least one camera to capture imagery of the pool surface; a
controller, in electronic communication with the at least one
camera, to determine a cleanliness characteristic of the pool
surface on which the cleaner has passed based on the camera
imagery and generate a control signal to direct movement of
the cleaner based on the cleanliness characteristic of the pool
surface; and a portable electronic device is configured to
present a graphic on a display, the graphic depicting the
submerged surface of the pool and those portions of the
surface that remain uncleaned as the cleaner traverses the
pool surface.

In one aspect, the at least one camera is carried by the
cleaner. In another aspect, the controller is carried by the
cleaner. In still another aspect, the electric motor is mechani-
cally connected to at least one of the rotatably-mounted
supports.

In yet another aspect, the controller is operable to execute
one or more cleaning programs for cleaning the submerged
surfaces of the pool. In one aspect, the control signal causes
the cleaner to drive in a direction to clean a portion of the
pool surface based on the cleanliness characteristic of the
pool surface. Alternatively, the control signal causes the
cleaner to steer in a direction to clean a portion of the pool
surface based on the cleanliness characteristic of the pool
surface. In another aspect, the control signal causes the
cleaner to drive in a direction to re-clean a portion of the
pool surface over which the cleaner has passed. Alterna-
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tively, the control signal causes the cleaner to steer in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed.

In one aspect, the captured imagery from the at least one
camera is digitally processed by the controller to determine
the cleanliness characteristic of the pool surface. Alterna-
tively, the captured imagery from the at least one camera is
digitally processed by a remote processor to determine the
cleanliness characteristic of the pool surface.

In another aspect, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the dry station includes the
controller. Alternatively, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the controller is located
remotely from the cleaner and the dry station. In still another
aspect, the controller controls electric power provided to the
electric motor.

In one aspect, the control signal causes the cleaner to
move in a direction of a portion of the pool surface to be
cleaned based solely upon signals received from the camera.
In another aspect, the control signal causes the cleaner to
drive in a direction to clean a portion of the pool surface
based on the cleanliness characteristic of the pool surface.
Alternatively, the control signal causes the cleaner to steer in
a direction to clean a portion of the pool surface based on the
cleanliness characteristic of the pool surface. In yet another
aspect, the control signal causes the cleaner to drive in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed. Alternatively, the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an example pool
cleaning system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may
be carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool
22 containing a liquid 24. In particular, pool cleaning system
20 is adapted to clean at least a bottom or floor surface 26
of the pool 22 and possibly to additionally clean surfaces 28
of pool 22. As will be described hereafter, pool cleaning
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system facilitates the control and monitoring of a robotic
pool cleaner to better assure that all portions of pool 22 are
satisfactorily cleaned.

Pool cleaning system 20 comprises vehicle 30, cameras
32 and controller 42. Vehicle 30 comprises an automated
powered device configured to travel adjacent to submerged
or water containing surfaces of pool 20 (such as floor 26
and/or side surfaces 28) while cleaning such surfaces. In one
implementation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw
debris, such as bacterial growth or plant growth, from such
pool surfaces, wherein the drawn liquid containing such
residue or foreign matter is filtered to collect the debris. In
other implementations, vehicle 30 may not collect such
debris, wherein vehicle 30 merely loosens such debris on the
pool surfaces such that the loosened or separated debris may
be subsequently removed using the existing liquid filtering
system of pool 22.

To assist in the loosening of debris, in one implementa-
tion, vehicle 30 may additionally include a chemical dis-
penser to closely apply pool cleaning chemicals to the pool
surfaces as the vehicle 30 traverses such surfaces. In one
implementation, vehicle 30 may additionally or alternatively
include one or more scrubbing members, such as active
(driven) or passive (undriven or idling) brushes, to assist in
the removal of residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may
additionally or alternatively include liquid jets to assist in
the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the sub-
merged pool surfaces using wheels, rollers, tracks or other
surface contacting members powered by a motor and the
like. Such wheels, rollers or tracks may themselves include
the scrubbing members used to clean the surfaces. In one
implementation vehicle 30 may also alternatively be pro-
pelled by means of the vacuum or liquid jets. The vacuum
or liquid jets used for such propulsion nozzle facilitate
loosening of debris for collection by vehicle 30. In other
implementations, vehicle 30 may include other propulsion
mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged
within pool 22. In other implementations, cameras 32
merely capture images of submerged surfaces 26, 28 of pool
22.

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a pre-
defined age, such as a child, is present at pool 22 without a
detected presence of a recognized adult. In another imple-
mentation, cameras 32 may detect the presence of an unau-
thorized person or intruder at pool 22. Identification of the
person may be achieved by an off-site human or computer-
ized monitoring system, wherein signals from cameras 32
are transmitted across a wide area network or may be
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achieved with software of controller 42 which includes
facial recognition or other identification programming.

Because pool cleaning system 20 utilizes pre-existing
cameras 32 provided as part of a security system or shares
the use of cameras 32 with such a home or pool security
system, pool cleaning system 20 is easier to set up, less
complex and less expensive. In other implementations, pool
cleaning system 20 may utilize dedicated cameras 22 inde-
pendent of any cameras associated with a home, facility or
pool security system. In such an alternative system, cameras
32 may be more precisely focused upon pool 22 and surfaces
26, 28 while also including appropriate lenses or modifica-
tions to account for glare, refraction and the like to better
facilitate the capture of surfaces and vehicle 30 which are
submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For pur-
poses of this application, the term “processing unit” shall
mean a presently developed or future developed processing
unit that executes sequences of instructions contained in a
memory. Execution of the sequences of instructions causes
the processing unit to perform steps such as generating
control signals. The instructions may be loaded in a random
access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or
some other persistent storage. In other embodiments, hard
wired circuitry may be used in place of or in combination
with software instructions to implement the functions
described. For example, controller 42 may be embodied as
part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller
is not limited to any specific combination of hardware
circuitry and software, nor to any particular source for the
instructions executed by the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connec-
tion. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless
connection, such as cross a local area network (LAN) or a
wide area network (WAN) such as the Internet. One of
limitation, controller 42 may communicate with vehicle 30
and cameras 32 using a combination of both wired and
wireless communication connections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cam-
eras 32. In one implementation, controller 42 provides the
sole steering directions for vehicle 30 using signals from
cameras 32. Because vehicle 30 is precisely steered under
the control of controller 42, rather than traveling in a random
manner, entire summer surfaces of pool 22 may be more
quickly and efficiently covered and cleaned. Because con-
troller 42 provides the only steering instructions for vehicle
30 and utilizes signals from cameras 32, complex steering
algorithms or codes in either vehicle 30 or controller 42 may
be omitted to reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of pool 22 have been cleaned, that no spots have
been missed. Upon identifying a missed spot, controller 42
utilizes signals from camera 32 to steer vehicle 32 over such
missed portions of surfaces 26, 28. According to one
example, controller 42 not only uses signals from camera 32
to determine whether any portions of surfaces 26, 28 have
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been missed entirely, but to also determine whether any
portions of surfaces 26,28 have been cleaned, but not to a
satisfactory degree or extent. In such circumstances, con-
troller 42 uses signals from cameras 32 to steer vehicle 34
such areas to re-clean such portions until such portions have
been satisfactorily cleaned such that the portions have a
cleanliness characteristic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
components of pool cleaning system 120 which correspond
to components of pool cleaning system 20 are numbered
similarly.

Dry station 46 comprises a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry sta-
tion 46 communicates with vehicle 30 in a wired fashion. In
such an implementation, dry station 46 further provides
electrical power to vehicle 30 in a wired fashion. Dry station
46 communicates with cameras 32 and either a wired or
wireless fashion.

Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one
implementation, display 50 is utilized by pool cleaning
system 120 and a controller 42 to present a graphical
depiction of those portions of surfaces 26, 28 of pool 22 have
not been satisfactorily cleaned so as to satisty a predefined
cleanliness characteristic threshold. Such portions may com-
prise portions that have been completely missed by vehicle
30 as well as those portions that have been covered by
vehicle 30 but have not been satisfactorily cleaned with the
given number of passes of vehicle 30 or the existing cleaning
settings of vehicle 30. The graphical depiction presented on
display 50 enables a person view the quality of the prior
cleaning session and to input commands causing controller
42 to generate control signals using signals from camera 32
to steer vehicle 30 back to such identified portions where
such portions may be cleaned at the same or elevated
cleaning aggressiveness settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to
visually determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system
20. Pool cleaning system 220 is similar to pool cleaning
system 20 except that pool cleaning system 220 additionally
comprises dry station 246, display 50, and remote server
254. Those remaining components of pool cleaning system
220 which correspond to components of pool cleaning
system 20 or pool cleaning system 120 are numbered
similarly.
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Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
comprise a wide area network, such as the Internet. For
example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246
may communicate across a local area network to controller
42. In another implementation, dry station 246 may com-
municate through a router, across a local area network, to a
local modem which communicates across a network 260.
The example illustrated, dry station 246 further provides
part of vehicle 30 across a wired cable or wired connection.
Display 50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from
cameras 32, controller 42 generates control signals which
are transmitted back across network 260 and through dry
station 246 to vehicle 30 to steer vehicle 30.

As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon
signals from cameras 32 transmitted across dry station 246
of system 320. In such an implementation, the cost and
complexity of pool cleaning system 220 is reduced since
controller 42 is remotely provided at remote server 254
which services multiple pool cleaning systems 220,320.
Upgrades to controller 42 and its software are also more
easily achieved for all pool cleaning systems to 20, 320 and
their pools 22, 222 being serviced. In one implementation,
the supervised cleaning, inspection and possible re-cleaning
facilitated by the use of cameras 32 may be provided as part
of a subscription to users of vehicle 30. In such an imple-
mentation, a pool 22 having security cameras 32 may be
upgraded with appropriate software or an appropriate soft-
ware module added to dry station 246 to make a network
connection with controller 42 which directs the security
cameras 32 to capture vehicle 30 utilizes such signals for
steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pool cleaning
system 120 except that pool cleaning system 420 addition-
ally comprises a portable electronic device 464. Those
remaining components of pool cleaning system 420 which
correspond to components of pool cleaning system 120 are
numbered similarly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such
a portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illus-
trated, PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PED 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard in other
implementations, input 466 may comprise a touchpad, a
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stylus, a microphone with associated speech recognition
software or programming, a touch screen, buttons, switches
and the like. In some implementations, input 466 may
comprise a touch screen incorporated as part of display 468.

Display 468 comprises a user interface by which graphi-
cal or textual data is presented to a user. Display 468 may
present the same or similar information as presented at dry
station 246 by display 50 as described above. In one
implementation, display 468 comprises a liquid crystal
display. In other implementations, display 468 may com-
prise other types of display technology such as a light
emitting diode display, an organic light emitting diode
display (OLED), an electronic ink (e-ink) display or other
types of display technology in present use or developed in
the future. Although system 420 is illustrated as including
controller 422 is part of dry station 46, in some implemen-
tations, controller 42 may alternatively be located as part of
PED 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle
30 of system 420. PED 464 provides a person with a
graphical presentation (described above with respect to
display 50) indicating those portions of surfaces 26, 28 of
pool 22 that have been completed as well as those portions
26, 20 and that remain to be cleaned. The person may also
be provided with a graphical indication of what portions
need to be re-cleaned to meet predetermined cleanliness
thresholds. In the example illustrated, input 466 enables a
person to enter commands or selections which are transmit-
ted across network 260 to controller 42 to adjust operation
of vehicle 30. For example, the path or route of vehicle 30
may be changed, the aggressiveness of the cleaning chemi-
cals or mechanical cleaning devices may be adjusted, the
speed at which vehicle 30 traverses surfaces 26, 28 may be
adjusted. In response to such adjustment signals from PED
464, controller 42 may utilize signals from cameras 32 to
adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system
20. Pool cleaning system 520 is similar to pool cleaning
system 420 except that pool cleaning system 520 addition-
ally comprises a remote server 554. Those remaining com-
ponents of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered
similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which
is in communication with dry station 246 across network
260. Remote server 254 includes controller 42. During
operation, signals from cameras 32 are transmitted across
dry station 246 across network 260 to controller 42 of
remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30. Controller 42 further relays
either the raw signals from camera 32 or image signals
generated based upon signals from cameras 32 to PED 464,
wherein such images (described above) are presented on
display 468. As noted above, PED may further receive
commands through input 466, wherein such commands are
transmitted to controller 42 which generates control signals
that are ultimately transmitted to vehicle 30 for steering
vehicle 30.

As with remote server 254, remote server 554 and net-
work 260 may be shared as part of other pool cleaning
systems 320 (shown in FIG. 3), wherein controller 42
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generates control signals for steering the pool cleaning
vehicle 30 of system 320 based upon signals from cameras
32 transmitted across dry station 246 of system 320. In such
implementations, controller 42 of remote server 554 may
interact with other PEDs 464. In such an implementation,
the cost and complexity of pool cleaning system 220 is
reduced since controller 42 is remotely provided at remote
server 254 which services multiple pool cleaning systems
220, 320. Upgrades to controller 42 and its software are also
more easily achieved for all pool cleaning systems to 20, 320
and their pools 22, 222 being serviced. In one implementa-
tion, the supervised cleaning, inspection and possible re-
cleaning facilitated by the use of cameras 32 may be
provided as part of a subscription to users of vehicle 30. In
such an implementation, a pool 22 having security cameras
32 may be upgraded with appropriate software or an appro-
priate software module added to dry station 246 to make a
network connection with controller 42 which directs the
security cameras 32 to capture vehicle 30 utilizes such
signals for steering vehicle 30. As indicated by broken lines,
in other implementations, the controller 42 for generating
control signals steering vehicle 30 based upon signals from
cameras 32 may alternatively be relocated in PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller
42 obtain such signals from cameras 32 for the surfaces of
pool 22 that have been cleaned. As indicated by step 606,
controller 42 uses information gathered from the signals
from cameras 32 to identify those portions of surfaces 26, 28
not satisfactorily cleaned—mnot satisfying a predefined clean-
liness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely
by vehicle 30 during a pool cleaning session may be
automatically deemed to not satisfy a predetermined clean-
liness characteristic.

As indicated by step 608, based upon such determina-
tions, controller 42 generates control signals resulting in the
presentation of a graphical depiction of those portions of
pool 22 that has not been satisfactorily cleaned. Such
graphical representations or depictions may be presented on
display 50 or display 468. FIGS. 7 and 8 illustrate examples
of graphical depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28
of pool 22 and a second portion 626 representing the floor
26 of pool 22. Graphical depiction 620 further comprises a
moving icon 628 representing the current positioning of
vehicle 30. In one implementation, the path of vehicle 30
may additionally be depicted by icon 628 shown in broken
lines. As shown by FIG. 7, those portions 632 of surfaces 26,
28 of pool 22 (shown in FIG. 1) over which of vehicle 30 has
moved are identified by graphical depiction 620 either by
color, markings or other various distinctive attributes. Like-
wise, those portions 634 of surfaces 26, 28 of pool 22 that
have not been covered by vehicle 30 are identified by a
distinct color col marking or distinctive attribute of depic-
tion 620. As a result, a person may view the current position
of vehicle 30, the extent to which pool 22 has been cleaned
or covered by vehicle 30 and the extent of pool 22 that
remains to be cleaned. In the example illustrated, depiction
620 further identifies those portions 638 of surfaces 26, 28
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that have been cleaned, but which have not been cleaned to
a satisfactory degree or extent. In one implementation,
portions 638 may be identified by colors, brightness, mark-
ings or other visually distinctive attributes that are visually
distinct from both portions 632 and portions 634. In other
implementations, portions 638 may have the same charac-
teristic of portions 634. In yet other implementations, dif-
ferent portions 638 may have different visual attributes
depending upon a degree to which such clean portions have
failed to satisfy the predefined cleanliness characteristic
threshold. In some implementations, different port 638 may
have different visual attributes depending upon different
cleaning strategies that may be recommended for the dif-
ferent portions 638. For example, controller 42 may deter-
mine and recommend a first cleaning strategy (a first chemi-
cal solution jetted at a first rate and scrubbed at a first rate)
with respect to a first portion 638 and may recommend a
second different cleaning strategy (a second chemical solu-
tion jetted at a second rate is about a second rate) with
respect to a second portion 638, wherein the different
cleaning strategies are represented by different visual attri-
butes presented in depiction 620.

FIG. 8 illustrates display 468 presenting a graphical
depiction 720. Graphical depiction 720 comprises a first
graphic 622 having a first portion 624 representing sides or
walls 28 of pool 22 and a second portion 626 representing
the floor 26 of pool 22 (shown in FIG. 1). Graphical
depiction 720 is similar to graphical depiction 620 except
that graphical depiction 720 omits icon 628 presenting
vehicle 30. Like depiction 620, depiction 720 graphically
depicts those portions 632 of surfaces 26, 28 over which
vehicle 30 has traveled while in a cleaning mode. Depiction
720 also visually depicts those portions 634 that have not
been covered by vehicle 30 in the cleaning mode and those
portions 638 over which vehicle 30 has traveled while in the
cleaning mode, but which have not been cleaned to a
satisfactory degree. As illustrated in FIG. 8, different por-
tions 638 may be visibly distinguished from one another
through color, text or markings indicating either differences
in the cleanliness of such portions 638 or indicating different
recommended cleaning strategies or approaches that may be
selected by a person using input 466 when vehicle 30 is
steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of
pool 22, such as portions 638. Such steering may be facili-
tated by using signals from cameras 32. As noted above, in
some implementations, a person may be allowed choose a
cleaning approach for a particular portion 638 using input
466. The selection may be facilitated by visual inspection of
the different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some
implementations, input 466 may additionally be utilized by
a person to prioritize an order in which portions 638 are
re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
power source 831 through a power line or power cable 833
to vehicle 830. In the example illustrated, data communica-
tion and communication of control signals, also occurs

Patent Owner Zodiac Pool Systems LLC
Exhibit 2001 - Page 93 of 172

—_
=)

—

N

35

50

55

10

across wired connections within or alongside the same line
833. In the example illustrated, remote server 554 serves as
a communication link by which upgrades to controller 42
may be implemented across a wide number of pool cleaning
systems and by which information from controller 42 is
conveyed to one or more portable electronic devices 464
across network 260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device. Vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900
provide traction and propulsion for vehicle 30. Vehicle 830
comprises rotating brushes 902 to loosen waterline buildup
and breakdown large debris while power washing jets 904
flush out dirt from pores, seems in corners where brushes
902 may not be able to reach. The loosened dirt and debris
is vacuumed through off-center vacuum ports 906 which
passes the vacuumed debris through internally house filter
bag. In the example illustrated, vehicle 830 further com-
prises rollers 908 which inhibit vehicle 830 from becoming
impeded or stuck on raised drains or pop-up heads. Although
illustrated as being employed with system 820, vehicle 830
may also be utilized with any of systems 20, 120, 220, 320
and 420. In other implementations, other robotic or auto-
mated pool cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
claimed subject matter. For example, although different
example embodiments may have been described as includ-
ing one or more features providing one or more benefits, it
is contemplated that the described features may be inter-
changed with one another or alternatively be combined with
one another in the described example embodiments or in
other alternative embodiments. Because the technology of
the present disclosure is relatively complex, not all changes
in the technology are foreseeable. The present disclosure
described with reference to the example embodiments and
set forth in the following claims is manifestly intended to be
as broad as possible. For example, unless specifically oth-
erwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements.

What is claimed is:
1. A self-propelled pool cleaner for cleaning debris from
a submerged surface of a swimming pool, comprising:

a. a vehicle body;

b. means for moving the vehicle body within the swim-
ming pool;

c. a filter configured to retain debris collected from the
submerged surface;

d. at least one camera positioned on or in the body for
capturing an image of at least a first portion of the
submerged surface; and

e. a controller (i) positioned on or in the body, (ii) in
electronic communication with the at least one camera,
and (iii) configured to generate, in response to the
captured image, at least one control signal to cause
movement of the body within the swimming pool to, or
away from, the first portion of the submerged surface.

2. A system for cleaning debris from a submerged surface

of a swimming pool, comprising:
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a. a self-propelled pool cleaner comprising: a. a self-propelled pool cleaner comprising:
1.a vehicle body; . . o i. a vehicle body;
ii. means for moving the vehicle body within the
swimming pool;
iii. at least one camera positioned on or in the body for 5

ii. means for moving the vehicle body within the
swimming pool;

capturing an image of at least a first portion of the iii. a filter configured to retain debris collected from the
submerged surface; and submerged surface; and

iv. a controller (i) positioned on or in the body, (ii) in iv. at least one camera positioned on or in the body for
electronic communication with the at least one cam- capturing an image of at least a first portion of the
eﬁa, and (iiig gonﬁgured 1to generate, in rlesponsit to . submerged surface; and
the captured image, at feast one control signal, to b. a controller (i) in electronic communication with the at

cause movement of the body within the swimming

pool to, or away from, the first portion of the
submerged surface; and

b. a filter configured to retain debris collected from the

submerged surface by the self-propelled pool cleaner.

3. A system for cleaning debris from a submerged surface

of a swimming pool, comprising: L

least one camera and (ii) configured to generate, in
response to the captured image, at least one control
signal to cause movement of the body within the

15 swimming pool to, or away from, the first portion of the
submerged surface.
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POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of commonly owned
U.S. patent application Ser. No. 15/973,983, filed May 8,
2018, which is a continuation of U.S. patent application Ser.
No. 15/207,065, filed Jul. 11, 2016 (now U.S. Pat. No.
9,995,051), which is a continuation of U.S. patent applica-
tion Ser. No. 13/545,918, filed Jul. 10, 2012 (now U.S. Pat.
No. 9,388,595), the contents of all of which are incorporated
herein by reference in their entireties.

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result,
automated robotic pool cleaners have been developed. How-
ever, controlling and monitoring such automated robotic
pool cleaners to insure that all portions of the pool surfaces
are satisfactorily cleaned remains a challenge.

SUMMARY OF THE INVENTION

The disadvantages heretofore associated with the prior art
are overcome by the present invention of a pool cleaning
system for cleaning debris from a submerged surface of a
swimming pool comprising: a self-propelled pool cleaner
having rotatably-mounted supports for supporting and guid-
ing the cleaner on the pool surface; a filter configured to
retain the debris collected from the submerged surface of the
swimming pool; an electric motor for enabling the rotation
of the rotatably-mounted supports on the pool surface; at
least one camera to capture imagery of the pool surface; a
controller, in electronic communication with the at least one
camera, to determine a cleanliness characteristic of the pool
surface on which the cleaner has passed based on the camera
imagery and generate a control signal to direct movement of
the cleaner based on the cleanliness characteristic of the pool
surface; and a portable electronic device is configured to
present a graphic on a display, the graphic depicting the
submerged surface of the pool and those portions of the
surface that remain uncleaned as the cleaner traverses the
pool surface.

In one aspect, the at least one camera is carried by the
cleaner. In another aspect, the controller is carried by the
cleaner. In still another aspect, the electric motor is mechani-
cally connected to at least one of the rotatably-mounted
supports.

In yet another aspect, the controller is operable to execute
one or more cleaning programs for cleaning the submerged
surfaces of the pool. In one aspect, the control signal causes
the cleaner to drive in a direction to clean a portion of the
pool surface based on the cleanliness characteristic of the
pool surface. Alternatively, the control signal causes the
cleaner to steer in a direction to clean a portion of the pool
surface based on the cleanliness characteristic of the pool
surface. In another aspect, the control signal causes the
cleaner to drive in a direction to re-clean a portion of the
pool surface over which the cleaner has passed. Alterna-
tively, the control signal causes the cleaner to steer in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed.
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In one aspect, the captured imagery from the at least one
camera is digitally processed by the controller to determine
the cleanliness characteristic of the pool surface. Alterna-
tively, the captured imagery from the at least one camera is
digitally processed by a remote processor to determine the
cleanliness characteristic of the pool surface.

In another aspect, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the dry station includes the
controller. Alternatively, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the controller is located
remotely from the cleaner and the dry station. In still another
aspect, the controller controls electric power provided to the
electric motor.

In one aspect, the control signal causes the cleaner to
move in a direction of a portion of the pool surface to be
cleaned based solely upon signals received from the camera.
In another aspect, the control signal causes the cleaner to
drive in a direction to clean a portion of the pool surface
based on the cleanliness characteristic of the pool surface.
Alternatively, the control signal causes the cleaner to steer in
a direction to clean a portion of the pool surface based on the
cleanliness characteristic of the pool surface. In yet another
aspect, the control signal causes the cleaner to drive in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed. Alternatively, the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an ex ample pool
cleaning system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may
be carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool
22 containing a liquid 24. In particular, pool cleaning system
20 is adapted to clean at least a bottom or floor surface 26
of the pool 22 and possibly to additionally clean surfaces 28
of pool 22. As will be described hereafter, pool cleaning
system facilitates the control and monitoring of a robotic
pool cleaner to better assure that all portions of pool 22 are
satisfactorily cleaned.
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Pool cleaning system 20 comprises vehicle 30, cameras
32 and controller 42. Vehicle 30 comprises an automated
powered device configured to travel adjacent to submerged
or water containing surfaces of pool 20 (such as floor 26
and/or side surfaces 28) while cleaning such surfaces. In one
implementation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw
debris, such as bacterial growth or plant growth, from such
pool surfaces, wherein the drawn liquid containing such
residue or foreign matter is filtered to collect the debris. In
other implementations, vehicle 30 may not collect such
debris, wherein vehicle 30 merely loosens such debris on the
pool surfaces such that the loosened or separated debris may
be subsequently removed using the existing liquid filtering
system of pool 22.

To assist in the loosening of debris, in one implementa-
tion, vehicle 30 may additionally include a chemical dis-
penser to closely apply pool cleaning chemicals to the pool
surfaces as the vehicle 30 traverses such surfaces. In one
implementation, vehicle 30 may additionally or alternatively
include one or more scrubbing members, such as active
(driven) or passive (undriven or idling) brushes, to assist in
the removal of residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may
additionally or alternatively include liquid jets to assist in
the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the sub-
merged pool surfaces using wheels, rollers, tracks or other
surface contacting members powered by a motor and the
like. Such wheels, rollers or tracks may themselves include
the scrubbing members used to clean the surfaces. In one
implementation vehicle 30 may also alternatively be pro-
pelled by means of the vacuum or liquid jets. The vacuum
or liquid jets used for such propulsion nozzle facilitate
loosening of debris for collection by vehicle 30. In other
implementations, vehicle 30 may include other propulsion
mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged
within pool 22. In other implementations, cameras 32
merely capture images of submerged surfaces 26, 28 of pool

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a pre-
defined age, such as a child, is present at pool 22 without a
detected presence of a recognized adult. In another imple-
mentation, cameras 32 may detect the presence of an unau-
thorized person or intruder at pool 22. Identification of the
person may be achieved by an off-site human or computer-
ized monitoring system, wherein signals from cameras 32
are transmitted across a wide area network or may be
achieved with software of controller 42 which includes
facial recognition or other identification programming.

Because pool cleaning system 20 utilizes pre-existing
cameras 32 provided as part of a security system or shares
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the use of cameras 32 with such a home or pool security
system, pool cleaning system 20 is easier to set up, less
complex and less expensive. In other implementations, pool
cleaning system 20 may utilize dedicated cameras 22 inde-
pendent of any cameras associated with a home, facility or
pool security system. In such an alternative system, cameras
32 may be more precisely focused upon pool 22 and surfaces
26, 28 while also including appropriate lenses or modifica-
tions to account for glare, refraction and the like to better
facilitate the capture of surfaces and vehicle 30 which are
submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For pur-
poses of this application, the term “processing unit” shall
mean a presently developed or future developed processing
unit that executes sequences of instructions contained in a
memory. Execution of the sequences of instructions causes
the processing unit to perform steps such as generating
control signals. The instructions may be loaded in a random
access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or
some other persistent storage. In other embodiments, hard
wired circuitry may be used in place of or in combination
with software instructions to implement the functions
described. For example, controller 42 may be embodied as
part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller
is not limited to any specific combination of hardware
circuitry and software, nor to any particular source for the
instructions executed by the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connec-
tion. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless
connection, such as cross a local area network (LAN) or a
wide area network (WAN) such as the Internet. One of
limitation, controller 42 may communicate with vehicle 30
and cameras 32 using a combination of both wired and
wireless communication connections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cam-
eras 32. In one implementation, controller 42 provides the
sole steering directions for vehicle 30 using signals from
cameras 32. Because vehicle 30 is precisely steered under
the control of controller 42, rather than traveling in a random
manner, entire summer surfaces of pool 22 may be more
quickly and efficiently covered and cleaned. Because con-
troller 42 provides the only steering instructions for vehicle
30 and utilizes signals from cameras 32, complex steering
algorithms or codes in either vehicle 30 or controller 42 may
be omitted to reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of pool 22 have been cleaned, that no spots have
been missed. Upon identifying a missed spot, controller 42
utilizes signals from camera 32 to steer vehicle 32 over such
missed portions of surfaces 26, 28. According to one
example, controller 42 not only uses signals from camera 32
to determine whether any portions of surfaces 26, 28 have
been missed entirely, but to also determine whether any
portions of surfaces 26,28 have been cleaned, but not to a
satisfactory degree or extent. In such circumstances, con-
troller 42 uses signals from cameras 32 to steer vehicle 34
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such areas to re-clean such portions until such portions have
been satisfactorily cleaned such that the portions have a
cleanliness characteristic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
components of pool cleaning system 120 which correspond
to components of pool cleaning system 20 are numbered
similarly.

Dry station 46 comprises a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry sta-
tion 46 communicates with vehicle 30 in a wired fashion. In
such an implementation, dry station 46 further provides
electrical power to vehicle 30 in a wired fashion. Dry station
46 communicates with cameras 32 and either a wired or
wireless fashion.

Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one
implementation, display 50 is utilized by pool cleaning
system 120 and a controller 42 to present a graphical
depiction of those portions of surfaces 26, 28 of pool 22 have
not been satisfactorily cleaned so as to satisty a predefined
cleanliness characteristic threshold. Such portions may com-
prise portions that have been completely missed by vehicle
30 as well as those portions that have been covered by
vehicle 30 but have not been satisfactorily cleaned with the
given number of passes of vehicle 30 or the existing cleaning
settings of vehicle 30. The graphical depiction presented on
display 50 enables a person view the quality of the prior
cleaning session and to input commands causing controller
42 to generate control signals using signals from camera 32
to steer vehicle 30 back to such identified portions where
such portions may be cleaned at the same or elevated
cleaning aggressiveness settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to
visually determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system
20. Pool cleaning system 220 is similar to pool cleaning
system 20 except that pool cleaning system 220 additionally
comprises dry station 246, display 50, and remote server
254. Those remaining components of pool cleaning system
220 which correspond to components of pool cleaning
system 20 or pool cleaning system 120 are numbered
similarly.

Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
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comprise a wide area network, such as the Internet. For
example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246
may communicate across a local area network to controller
42. In another implementation, dry station 246 may com-
municate through a router, across a local area network, to a
local modem which communicates across a network 260.
The example illustrated, dry station 246 further provides
part of vehicle 30 across a wired cable or wired connection.
Display 50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from
cameras 32, controller 42 generates control signals which
are transmitted back across network 260 and through dry
station 246 to vehicle 30 to steer vehicle 30.

As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon
signals from cameras 32 transmitted across dry station 246
of system 320. In such an implementation, the cost and
complexity of pool cleaning system 220 is reduced since
controller 42 is remotely provided at remote server 254
which services multiple pool cleaning systems 220,320.
Upgrades to controller 42 and its software are also more
easily achieved for all pool cleaning systems to 20, 320 and
their pools 22, 222 being serviced. In one implementation,
the supervised cleaning, inspection and possible re-cleaning
facilitated by the use of cameras 32 may be provided as part
of a subscription to users of vehicle 30. In such an imple-
mentation, a pool 22 having security cameras 32 may be
upgraded with appropriate software or an appropriate soft-
ware module added to dry station 246 to make a network
connection with controller 42 which directs the security
cameras 32 to capture vehicle 30 utilizes such signals for
steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pool cleaning
system 120 except that pool cleaning system 420 addition-
ally comprises a portable electronic device 464. Those
remaining components of pool cleaning system 420 which
correspond to components of pool cleaning system 120 are
numbered similarly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such
a portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illus-
trated, PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PED 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard. In
other implementations, input 466 may comprise a touchpad,
a stylus, a microphone with associated speech recognition
software or programming, a touch screen, buttons, switches
and the like. In some implementations, input 466 may
comprise a touch screen incorporated as part of display 468.
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Display 468 comprises a user interface by which graphi-
cal or textual data is presented to a user. Display 468 may
present the same or similar information as presented at dry
station 246 by display 50 as described above. In one
implementation, display 468 comprises a liquid crystal
display. In other implementations, display 468 may com-
prise other types of display technology such as a light
emitting diode display, an organic light emitting diode
display (OLED), an electronic ink (e-ink) display or other
types of display technology in present use or developed in
the future. Although system 420 is illustrated as including
controller 422 is part of dry station 46, in some implemen-
tations, controller 42 may alternatively be located as part of
PED 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle
30 of system 420. PED 464 provides a person with a
graphical presentation (described above with respect to
display 50) indicating those portions of surfaces 26, 28 of
pool 22 that have been completed as well as those portions
26, 20 and that remain to be cleaned. The person may also
be provided with a graphical indication of what portions
need to be re-cleaned to meet predetermined cleanliness
thresholds. In the example illustrated, input 466 enables a
person to enter commands or selections which are transmit-
ted across network 260 to controller 42 to adjust operation
of vehicle 30. For example, the path or route of vehicle 30
may be changed, the aggressiveness of the cleaning chemi-
cals or mechanical cleaning devices may be adjusted, the
speed at which vehicle 30 traverses surfaces 26, 28 may be
adjusted. In response to such adjustment signals from PED
464, controller 42 may utilize signals from cameras 32 to
adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system
20. Pool cleaning system 520 is similar to pool cleaning
system 420 except that pool cleaning system 520 addition-
ally comprises a remote server 554. Those remaining com-
ponents of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered
similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which
is in communication with dry station 246 across network
260. Remote server 254 includes controller 42. During
operation, signals from cameras 32 are transmitted across
dry station 246 across network 260 to controller 42 of
remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30. Controller 42 further relays
either the raw signals from camera 32 or image signals
generated based upon signals from cameras 32 to PED 464,
wherein such images (described above) are presented on
display 468. As noted above, PED may further receive
commands through input 466, wherein such commands are
transmitted to controller 42 which generates control signals
that are ultimately transmitted to vehicle 30 for steering
vehicle 30.

As with remote server 254, remote server 554 and net-
work 260 may be shared as part of other pool cleaning
systems 320 (shown in FIG. 3), wherein controller 42
generates control signals for steering the pool cleaning
vehicle 30 of system 320 based upon signals from cameras
32 transmitted across dry station 246 of system 320. In such
implementations, controller 42 of remote server 554 may
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interact with other PEDs 464. In such an implementation,
the cost and complexity of pool cleaning system 220 is
reduced since controller 42 is remotely provided at remote
server 254 which services multiple pool cleaning systems
220, 320. Upgrades to controller 42 and its software are also
more easily achieved for all pool cleaning systems to 20, 320
and their pools 22, 222 being serviced. In one implementa-
tion, the supervised cleaning, inspection and possible re-
cleaning facilitated by the use of cameras 32 may be
provided as part of a subscription to users of vehicle 30. In
such an implementation, a pool 22 having security cameras
32 may be upgraded with appropriate software or an appro-
priate software module added to dry station 246 to make a
network connection with controller 42 which directs the
security cameras 32 to capture vehicle 30 utilizes such
signals for steering vehicle 30. As indicated by broken lines,
in other implementations, the controller 42 for generating
control signals steering vehicle 30 based upon signals from
cameras 32 may alternatively be relocated in PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller
42 obtain such signals from cameras 32 for the surfaces of
pool 22 that have been cleaned. As indicated by step 606,
controller 42 uses information gathered from the signals
from cameras 32 to identify those portions of surfaces 26, 28
not satisfactorily cleaned—not satisfying a predefined clean-
liness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely
by vehicle 30 during a pool cleaning session may be
automatically deemed to not satisfy a predetermined clean-
liness characteristic.

As indicated by step 608, based upon such determina-
tions, controller 42 generates control signals resulting in the
presentation of a graphical depiction of those portions of
pool 22 that has not been satisfactorily cleaned. Such
graphical representations or depictions may be presented on
display 50 or display 468. FIGS. 7 and 8 illustrate examples
of graphical depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28
of pool 22 and a second portion 626 representing the floor
26 of pool 22. Graphical depiction 620 further comprises a
moving icon 628 representing the current positioning of
vehicle 30. In one implementation, the path of vehicle 30
may additionally be depicted by icon 628 shown in broken
lines. As shown by FIG. 7, those portions 632 of surfaces 26,
28 of pool 22 (shown in FIG. 1) over which of vehicle 30 has
moved are identified by graphical depiction 620 either by
color, markings or other various distinctive attributes. Like-
wise, those portions 634 of surfaces 26, 28 of pool 22 that
have not been covered by vehicle 30 are identified by a
distinct color col marking or distinctive attribute of depic-
tion 620. As a result, a person may view the current position
of vehicle 30, the extent to which pool 22 has been cleaned
or covered by vehicle 30 and the extent of pool 22 that
remains to be cleaned. In the example illustrated, depiction
620 further identifies those portions 638 of surfaces 26, 28
that have been cleaned, but which have not been cleaned to
a satisfactory degree or extent. In one implementation,
portions 638 may be identified by colors, brightness, mark-
ings or other visually distinctive attributes that are visually
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distinct from both portions 632 and portions 634. In other
implementations, portions 638 may have the same charac-
teristic of portions 634. In yet other implementations, dif-
ferent portions 638 may have different visual attributes
depending upon a degree to which such clean portions have
failed to satisfy the predefined cleanliness characteristic
threshold. In some implementations, different port 638 may
have different visual attributes depending upon different
cleaning strategies that may be recommended for the dif-
ferent portions 638. For example, controller 42 may deter-
mine and recommend a first cleaning strategy (a first chemi-
cal solution jetted at a first rate and scrubbed at a first rate)
with respect to a first portion 638 and may recommend a
second different cleaning strategy (a second chemical solu-
tion jetted at a second rate is about a second rate) with
respect to a second portion 638, wherein the different
cleaning strategies are represented by different visual attri-
butes presented in depiction 620.

FIG. 8 illustrates display 468 presenting a graphical
depiction 720. Graphical depiction 720 comprises a first
graphic 622 having a first portion 624 representing sides or
walls 28 of pool 22 and a second portion 626 representing
the floor 26 of pool 22 (shown in FIG. 1). Graphical
depiction 720 is similar to graphical depiction 620 except
that graphical depiction 720 omits icon 628 presenting
vehicle 30. Like depiction 620, depiction 720 graphically
depicts those portions 632 of surfaces 26, 28 over which
vehicle 30 has traveled while in a cleaning mode. Depiction
720 also visually depicts those portions 634 that have not
been covered by vehicle 30 in the cleaning mode and those
portions 638 over which vehicle 30 has traveled while in the
cleaning mode, but which have not been cleaned to a
satisfactory degree. As illustrated in FIG. 8, different por-
tions 638 may be visibly distinguished from one another
through color, text or markings indicating either differences
in the cleanliness of such portions 638 or indicating different
recommended cleaning strategies or approaches that may be
selected by a person using input 466 when vehicle 30 is
steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of
pool 22, such as portions 638. Such steering may be facili-
tated by using signals from cameras 32. As noted above, in
some implementations, a person may be allowed choose a
cleaning approach for a particular portion 638 using input
466. The selection may be facilitated by visual inspection of
the different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some
implementations, input 466 may additionally be utilized by
a person to prioritize an order in Which portions 638 are
re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
power source 831 through a power line or power cable 833
to vehicle 830. In the example illustrated, data communica-
tion and communication of control signals, also occurs
across wired connections within or alongside the same line
833. In the example illustrated, remote server 554 serves as
a communication link by which upgrades to controller 42
may be implemented across a wide number of pool cleaning
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systems and by which information from controller 42 is
conveyed to one or more portable electronic devices 464
across network 260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device. Vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900
provide traction and propulsion for vehicle 30. Vehicle 830
comprises rotating brushes 902 to loosen waterline buildup
and breakdown large debris while power washing jets 904
flush out dirt from pores, seems in corners where brushes
902 may not be able to reach. The loosened dirt and debris
is vacuumed through off-center vacuum ports 906 which
passes the vacuumed debris through internally house filter
bag. In the example illustrated, vehicle 830 further com-
prises rollers 908 which inhibit vehicle 830 from becoming
impeded or stuck on raised drains or pop-up heads. Although
illustrated as being employed with system 820, vehicle 830
may also be utilized with any of systems 20, 120, 220, 320
and 420. In other implementations, other robotic or auto-
mated pool cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
claimed subject matter. For example, although different
example embodiments may have been described as includ-
ing one or more features providing one or in ore benefits, it
is contemplated that the described features may be inter-
changed with one another or alternatively be combined with
one another in the described example embodiments or in
other alternative embodiments. Because the technology of
the present disclosure is relatively complex, not all changes
in the technology are foreseeable. The present disclosure
described with reference to the example embodiments and
set forth in the following claims is manifestly intended to be
as broad as possible. For example, unless specifically oth-
erwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements.

What is claimed is:

1. A self-propelled pool cleaner for cleaning debris from
a submerged surface of a swimming pool, comprising:

a. a vehicle body;

b. means for moving the vehicle body within the swim-

ming pool;

c. a filter configured to retain debris collected from the
submerged surface;

d. at least one camera positioned on or in the body for
capturing an image of at least a first portion of the
submerged surface; and

e. a controller (i) positioned on or in the body, (ii) in
electronic communication with the at least one camera,
and (iii) configured to generate at least one control
signal to cause movement of the body within the
swimming pool to the first portion of the submerged
surface when the captured image fails to satisfy a
predefined threshold.

2. A self-propelled pool cleaner according to claim 1 in
which the means for moving the vehicle body comprises a
propulsion mechanism selected from the group consisting of
at least one jet or at least one rotatably-mounted support.

3. A self-propelled pool cleaner according to claim 2 in
which the propulsion mechanism is at least one rotatably-
mounted support selected from the group consisting of a
wheel, a roller, a track, or a scrubbing member.
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4. A self-propelled pool cleaner according to claim 1
further comprising an electric motor for driving the means
for moving the vehicle body.

5. A self-propelled pool cleaner according to claim 4 in
which the controller controls electric power provided to the 5
electric motor.

6. A self-propelled pool cleaner according to claim 1 in
which the controller is operable to execute a cleaning
program for cleaning the submerged surface.

® ok k% k%
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POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATION

This patent application is a continuation of commonly
owned U.S. patent application Ser. No. 15/207,065, filed Jul.
11, 2016, which is a continuation of U.S. patent application
Ser. No. 13/545,918, filed Jul. 10, 2012 (now U.S. Pat. No.
9,388,595), the content of which are incorporated by refer-
ence herein in their entirety.

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result,
automated robotic pool cleaners have been developed. How-
ever, controlling and monitoring such automated robotic
pool cleaners to insure that all portions of the pool surfaces
are satisfactorily cleaned remains a challenge.

SUMMARY OF THE INVENTION

The disadvantages heretofore associated with the prior art
are overcome by the present invention of a pool cleaning
system for cleaning debris from a submerged surface of a
swimming pool comprising: a self-propelled pool cleaner
having rotatably-mounted supports for supporting and guid-
ing the cleaner on the pool surface; a filter configured to
retain the debris collected from the submerged surface of the
swimming pool; an electric motor for enabling the rotation
of the rotatably-mounted supports on the pool surface; at
least one camera to capture imagery of the pool surface; a
controller, in electronic communication with the at least one
camera, to determine a cleanliness characteristic of the pool
surface on which the cleaner has passed based on the camera
imagery and generate a control signal to direct movement of
the cleaner based on the cleanliness characteristic of the pool
surface; and a portable electronic device is configured to
present a graphic on a display, the graphic depicting the
submerged surface of the pool and those portions of the
surface that remain uncleaned as the cleaner traverses the
pool surface.

In one aspect, the at least one camera is carried by the
cleaner. In another aspect, the controller is carried by the
cleaner. In still another aspect, the electric motor is mechani-
cally connected to at least one of the rotatably-mounted
supports.

In yet another aspect, the controller is operable to execute
one or more cleaning programs for cleaning the submerged
surfaces of the pool. In one aspect, the control signal causes
the cleaner to drive in a direction to clean a portion of the
pool surface based on the cleanliness characteristic of the
pool surface. Alternatively, the control signal causes the
cleaner to steer in a direction to clean a portion of the pool
surface based on the cleanliness characteristic of the pool
surface. In another aspect, the control signal causes the
cleaner to drive in a direction to re-clean a portion of the
pool surface over which the cleaner has passed. Alterna-
tively, the control signal causes the cleaner to steer in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed.

In one aspect, the captured imagery from the at least one
camera is digitally processed by the controller to determine
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the cleanliness characteristic of the pool surface. Alterna-
tively, the captured imagery from the at least one camera is
digitally processed by a remote processor to determine the
cleanliness characteristic of the pool surface.

In another aspect, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the dry station includes the
controller. Alternatively, the system further comprises a dry
station located remotely from the cleaner and in communi-
cation with the cleaner, wherein the controller is located
remotely from the cleaner and the dry station. In still another
aspect, the controller controls electric power provided to the
electric motor.

In one aspect, the control signal causes the cleaner to
move in a direction of a portion of the pool surface to be
cleaned based solely upon signals received from the camera.
In another aspect, the control signal causes the cleaner to
drive in a direction to clean a portion of the pool surface
based on the cleanliness characteristic of the pool surface.
Alternatively, the control signal causes the cleaner to steer in
a direction to clean a portion of the pool surface based on the
cleanliness characteristic of the pool surface. In yet another
aspect, the control signal causes the cleaner to drive in a
direction to re-clean a portion of the pool surface over which
the cleaner has passed. Alternatively, the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an example pool
cleaning system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may
be carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool
22 containing a liquid 24. In particular, pool cleaning system
20 is adapted to clean at least a bottom or floor surface 26
of the pool 22 and possibly to additionally clean surfaces 28
of pool 22. As will be described hereafter, pool cleaning
system facilitates the control and monitoring of a robotic
pool cleaner to better assure that all portions of pool 22 are
satisfactorily cleaned.

Pool cleaning system 20 comprises vehicle 30, cameras
32 and controller 42. Vehicle 30 comprises an automated
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powered device configured to travel adjacent to submerged
or water containing surfaces of pool 20 (such as floor 26
and/or side surfaces 28) while cleaning such surfaces. In one
implementation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw
debris, such as bacterial growth or plant growth, from such
pool surfaces, wherein the drawn liquid containing such
residue or foreign matter is filtered to collect the debris. In
other implementations, vehicle 30 may not collect such
debris, wherein vehicle 30 merely loosens such debris on the
pool surfaces such that the loosened or separated debris may
be subsequently removed using the existing liquid filtering
system of pool 22.

To assist in the loosening of debris, in one implementa-
tion, vehicle 30 may additionally include a chemical dis-
penser to closely apply pool cleaning chemicals to the pool
surfaces as the vehicle 30 traverses such surfaces. In one
implementation, vehicle 30 may additionally or alternatively
include one or more scrubbing members, such as active
(driven) or passive (undriven or idling) brushes, to assist in
the removal of residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may
additionally or alternatively include liquid jets to assist in
the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the sub-
merged pool surfaces using wheels, rollers, tracks or other
surface contacting members powered by a motor and the
like. Such wheels, rollers or tracks may themselves include
the scrubbing members used to clean the surfaces. In one
implementation vehicle 30 may also alternatively be pro-
pelled by means of the vacuum or liquid jets. The vacuum
or liquid jets used for such propulsion nozzle facilitate
loosening of debris for collection by vehicle 30. In other
implementations, vehicle 30 may include other propulsion
mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged
within pool 22. In other implementations, cameras 32
merely capture images of submerged surfaces 26, 28 of pool

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a pre-
defined age, such as a child, is present at pool 22 without a
detected presence of a recognized adult. In another imple-
mentation, cameras 32 may detect the presence of an unau-
thorized person or intruder at pool 22. Identification of the
person may be achieved by an off-site human or computer-
ized monitoring system, wherein signals from cameras 32
are transmitted across a wide area network or may be
achieved with software of controller 42 which includes
facial recognition or other identification programming.

Because pool cleaning system 20 utilizes pre-existing
cameras 32 provided as part of a security system or shares
the use of cameras 32 with such a home or pool security
system, pool cleaning system 20 is easier to set up, less
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complex and less expensive. In other implementations, pool
cleaning system 20 may utilize dedicated cameras 22 inde-
pendent of any cameras associated with a home, facility or
pool security system. In such an alternative system, cameras
32 may be more precisely focused upon pool 22 and surfaces
26, 28 while also including appropriate lenses or modifica-
tions to account for glare, refraction and the like to better
facilitate the capture of surfaces and vehicle 30 which are
submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For pur-
poses of this application, the term “processing unit” shall
mean a presently developed or future developed processing
unit that executes sequences of instructions contained in a
memory. Execution of the sequences of instructions causes
the processing unit to perform steps such as generating
control signals. The instructions may be loaded in a random
access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or
some other persistent storage. In other embodiments, hard
wired circuitry may be used in place of or in combination
with software instructions to implement the functions
described. For example, controller 42 may be embodied as
part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller
is not limited to any specific combination of hardware
circuitry and software, nor to any particular source for the
instructions executed by the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connec-
tion. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless
connection, such as cross a local area network (LAN) or a
wide area network (WAN) such as the Internet. One of
limitation, controller 42 may communicate with vehicle 30
and cameras 32 using a combination of both wired and
wireless communication connections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cam-
eras 32. In one implementation, controller 42 provides the
sole steering directions for vehicle 30 using signals from
cameras 32. Because vehicle 30 is precisely steered under
the control of controller 42, rather than traveling in a random
manner, entire summer surfaces of pool 22 may be more
quickly and efficiently covered and cleaned. Because con-
troller 42 provides the only steering instructions for vehicle
30 and utilizes signals from cameras 32, complex steering
algorithms or codes in either vehicle 30 or controller 42 may
be omitted to reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of pool 22 have been cleaned, that no spots have
been missed. Upon identifying a missed spot, controller 42
utilizes signals from camera 32 to steer vehicle 32 over such
missed portions of surfaces 26, 28. According to one
example, controller 42 not only uses signals from camera 32
to determine whether any portions of surfaces 26, 28 have
been missed entirely, but to also determine whether any
portions of surfaces 26,28 have been cleaned, but not to a
satisfactory degree or extent. In such circumstances, con-
troller 42 uses signals from cameras 32 to steer vehicle 34
such areas to re-clean such portions until such portions have
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been satisfactorily cleaned such that the portions have a
cleanliness characteristic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
components of pool cleaning system 120 which correspond
to components of pool cleaning system 20 are numbered
similarly.

Dry station 46 comprises a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry sta-
tion 46 communicates with vehicle 30 in a wired fashion. In
such an implementation, dry station 46 further provides
electrical power to vehicle 30 in a wired fashion. Dry station
46 communicates with cameras 32 and either a wired or
wireless fashion.

Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one
implementation, display 50 is utilized by pool cleaning
system 120 and a controller 42 to present a graphical
depiction of those portions of surfaces 26, 28 of pool 22 have
not been satisfactorily cleaned so as to satisty a predefined
cleanliness characteristic threshold. Such portions may com-
prise portions that have been completely missed by vehicle
30 as well as those portions that have been covered by
vehicle 30 but have not been satisfactorily cleaned with the
given number of passes of vehicle 30 or the existing cleaning
settings of vehicle 30. The graphical depiction presented on
display 50 enables a person view the quality of the prior
cleaning session and to input commands causing controller
42 to generate control signals using signals from camera 32
to steer vehicle 30 back to such identified portions where
such portions may be cleaned at the same or elevated
cleaning aggressiveness settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to
visually determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system
20. Pool cleaning system 220 is similar to pool cleaning
system 20 except that pool cleaning system 220 additionally
comprises dry station 246, display 50, and remote server
254. Those remaining components of pool cleaning system
220 which correspond to components of pool cleaning
system 20 or pool cleaning system 120 are numbered
similarly.

Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
comprise a wide area network, such as the Internet. For
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example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246
may communicate across a local area network to controller
42. In another implementation, dry station 246 may com-
municate through a router, across a local area network, to a
local modem which communicates across a network 260.
The example illustrated, dry station 246 further provides
part of vehicle 30 across a wired cable or wired connection.
Display 50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from
cameras 32, controller 42 generates control signals which
are transmitted back across network 260 and through dry
station 246 to vehicle 30 to steer vehicle 30.

As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon
signals from cameras 32 transmitted across dry station 246
of system 320. In such an implementation, the cost and
complexity of pool cleaning system 220 is reduced since
controller 42 is remotely provided at remote server 254
which services multiple pool cleaning systems 220,320.
Upgrades to controller 42 and its software are also more
easily achieved for all pool cleaning systems to 20, 320 and
their pools 22, 222 being serviced. In one implementation,
the supervised cleaning, inspection and possible re-cleaning
facilitated by the use of cameras 32 may be provided as part
of a subscription to users of vehicle 30. In such an imple-
mentation, a pool 22 having security cameras 32 may be
upgraded with appropriate software or an appropriate soft-
ware module added to dry station 246 to make a network
connection with controller 42 which directs the security
cameras 32 to capture vehicle 30 utilizes such signals for
steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pool cleaning
system 120 except that pool cleaning system 420 addition-
ally comprises a portable electronic device 464. Those
remaining components of pool cleaning system 420 which
correspond to components of pool cleaning system 120 are
numbered similarly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such
a portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illus-
trated, PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PEI) 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard. In
other implementations, input 466 may comprise a touchpad,
a stylus, a microphone with associated speech recognition
software or programming, a touch screen, buttons, switches
and the like. In some implementations, input 466 may
comprise a touch screen incorporated as part of display 468.

Display 468 comprises a user interface by which graphi-
cal or textual data is presented to a user. Display 468 may
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present the same or similar information as presented at dry
station 246 by display 50 as described above. In one
implementation, display 468 comprises a liquid crystal
display. In other implementations, display 468 may com-
prise other types of display technology such as a light
emitting diode display, an organic light emitting diode
display (OLED), an electronic ink (e-ink) display or other
types of display technology in present use or developed in
the future. Although system 420 is illustrated as including
controller 422 is part of dry station 46, in some implemen-
tations, controller 42 may alternatively be located as part of
PEI) 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle
30 of system 420. PEI) 464 provides a person with a
graphical presentation (described above with respect to
display 50) indicating those portions of surfaces 26, 28 of
pool 22 that have been completed as well as those portions
26, 20 and that remain to be cleaned. The person may also
be provided with a graphical indication of what portions
need to be re-cleaned to meet predetermined cleanliness
thresholds. In the example illustrated, input 466 enables a
person to enter commands or selections which are transmit-
ted across network 260 to controller 42 to adjust operation
of vehicle 30. For example, the path or route of vehicle 30
may be changed, the aggressiveness of the cleaning chemi-
cals or mechanical cleaning devices may be adjusted, the
speed at which vehicle 30 traverses surfaces 26, 28 may be
adjusted. In response to such adjustment signals from PED
464, controller 42 may utilize signals from cameras 32 to
adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system
20. Pool cleaning system 520 is similar to pool cleaning
system 420 except that pool cleaning system 520 addition-
ally comprises a remote server 554. Those remaining com-
ponents of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered
similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which
is in communication with dry station 246 across network
260. Remote server 254 includes controller 42. During
operation, signals from cameras 32 are transmitted across
dry station 246 across network 260 to controller 42 of
remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30. Controller 42 further relays
either the raw signals from camera 32 or image signals
generated based upon signals from cameras 32 to PEI) 464,
wherein such images (described above) are presented on
display 468. As noted above, PED may further receive
commands through input 466, wherein such commands are
transmitted to controller 42 which generates control signals
that are ultimately transmitted to vehicle 30 for steering
vehicle 30.

As with remote server 254, remote server 554 and net-
work 260 may be shared as part of other pool cleaning
systems 320 (shown in FIG. 3), wherein controller 42
generates control signals for steering the pool cleaning
vehicle 30 of system 320 based upon signals from cameras
32 transmitted across dry station 246 of system 320. In such
implementations, controller 42 of remote server 554 may
interact with other PEDs 464. In such an implementation,
the cost and complexity of pool cleaning system 220 is
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reduced since controller 42 is remotely provided at remote
server 254 which services multiple pool cleaning systems
220, 320. Upgrades to controller 42 and its software are also
more easily achieved for all pool cleaning systems to 20, 320
and their pools 22, 222 being serviced. In one implementa-
tion, the supervised cleaning, inspection and possible re-
cleaning facilitated by the use of cameras 32 may be
provided as part of a subscription to users of vehicle 30. In
such an implementation, a pool 22 having security cameras
32 may be upgraded with appropriate software or an appro-
priate software module added to dry station 246 to make a
network connection with controller 42 which directs the
security cameras 32 to capture vehicle 30 utilizes such
signals for steering vehicle 30. As indicated by broken lines,
in other implementations, the controller 42 for generating
control signals steering vehicle 30 based upon signals from
cameras 32 may alternatively be relocated in PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller
42 obtain such signals from cameras 32 for the surfaces of
pool 22 that have been cleaned. As indicated by step 606,
controller 42 uses information gathered from the signals
from cameras 32 to identify those portions of surfaces 26, 28
not satisfactorily cleaned—not satisfying a predefined clean-
liness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely
by vehicle 30 during a pool cleaning session may be
automatically deemed to not satisfy a predetermined clean-
liness characteristic.

As indicated by step 608, based upon such determina-
tions, controller 42 generates control signals resulting in the
presentation of a graphical depiction of those portions of
pool 22 that has not been satisfactorily cleaned. Such
graphical representations or depictions may be presented on
display 50 or display 468. FIGS. 7 and 8 illustrate examples
of graphical depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28
of pool 22 and a second portion 626 representing the floor
26 of pool 22. Graphical depiction 620 further comprises a
moving icon 628 representing the current positioning of
vehicle 30. In one implementation, the path of vehicle 30
may additionally be depicted by icon 628 shown in broken
lines. As shown by FIG. 7, those portions 632 of surfaces 26,
28 of pool 22 (shown in FIG. 1) over which of vehicle 30 has
moved are identified by graphical depiction 620 either by
color, markings or other various distinctive attributes. Like-
wise, those portions 634 of surfaces 26, 28 of pool 22 that
have not been covered by vehicle 30 are identified by a
distinct color col marking or distinctive attribute of depic-
tion 620. As a result, a person may view the current position
of vehicle 30, the extent to which pool 22 has been cleaned
or covered by vehicle 30 and the extent of pool 22 that
remains to be cleaned. In the example illustrated, depiction
620 further identifies those portions 638 of surfaces 26, 28
that have been cleaned, but which have not been cleaned to
a satisfactory degree or extent. In one implementation,
portions 638 may be identified by colors, brightness, mark-
ings or other visually distinctive attributes that are visually
distinct from both portions 632 and portions 634. In other
implementations, portions 638 may have the same charac-
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teristic of portions 634. In yet other implementations, dif-
ferent portions 638 may have different visual attributes
depending upon a degree to which such clean portions have
failed to satisfy the predefined cleanliness characteristic
threshold. In some implementations, different port 638 may
have different visual attributes depending upon different
cleaning strategies that may be recommended for the dif-
ferent portions 638. For example, controller 42 may deter-
mine and recommend a first cleaning strategy (a first chemi-
cal solution jetted at a first rate and scrubbed at a first rate)
with respect to a first portion 638 and may recommend a
second different cleaning strategy (a second chemical solu-
tion jetted at a second rate is about a second rate) with
respect to a second portion 638, wherein the different
cleaning strategies are represented by different visual attri-
butes presented in depiction 620.

FIG. 8 illustrates display 468 presenting a graphical
depiction 720. Graphical depiction 720 comprises a first
graphic 622 having a first portion 624 representing sides or
walls 28 of pool 22 and a second portion 626 representing
the floor 26 of pool 22 (shown in FIG. 1). Graphical
depiction 720 is similar to graphical depiction 620 except
that graphical depiction 720 omits icon 628 presenting
vehicle 30. Like depiction 620, depiction 720 graphically
depicts those portions 632 of surfaces 26, 28 over which
vehicle 30 has traveled while in a cleaning mode. Depiction
720 also visually depicts those portions 634 that have not
been covered by vehicle 30 in the cleaning mode and those
portions 638 over which vehicle 30 has traveled while in the
cleaning mode, but which have not been cleaned to a
satisfactory degree. As illustrated in FIG. 8, different por-
tions 638 may be visibly distinguished from one another
through color, text or markings indicating either differences
in the cleanliness of such portions 638 or indicating different
recommended cleaning strategies or approaches that may be
selected by a person using input 466 when vehicle 30 is
steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of
pool 22, such as portions 638. Such steering may be facili-
tated by using signals from cameras 32. As noted above, in
some implementations, a person may be allowed choose a
cleaning approach for a particular portion 638 using input
466. The selection may be facilitated by visual inspection of
the different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some
implementations, input 466 may additionally be utilized by
a person to prioritize an order in which portions 638 are
re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
power source 831 through a power line or power cable 833
to vehicle 830. In the example illustrated, data communica-
tion and communication of control signals, also occurs
across wired connections within or alongside the same line
833. In the example illustrated, remote server 554 serves as
a communication link by which upgrades to controller 42
may be implemented across a wide number of pool cleaning
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systems and by which information from controller 42 is
conveyed to one or more portable electronic devices 464
across network 260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device. Vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900
provide traction and propulsion for vehicle 30. Vehicle 830
comprises rotating brushes 902 to loosen waterline buildup
and breakdown large debris while power washing jets 904
flush out dirt from pores, seems in corners where brushes
902 may not be able to reach. The loosened dirt and debris
is vacuumed through off-center vacuum ports 906 which
passes the vacuumed debris through internally house filter
bag. In the example illustrated, vehicle 830 further com-
prises rollers 908 which inhibit vehicle 830 from becoming
impeded or stuck on raised drains or pop-up heads. Although
illustrated as being employed with system 820, vehicle 830
may also be utilized with any of systems 20, 120, 220, 320
and 420. In other implementations, other robotic or auto-
mated pool cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
claimed subject matter. For example, although different
example embodiments may have been described as includ-
ing one or more features providing one or more benefits, it
is contemplated that the described features may be inter-
changed with one another or alternatively be combined with
one another in the described example embodiments or in
other alternative embodiments. Because the technology of
the present disclosure is relatively complex, not all changes
in the technology are foreseeable. The present disclosure
described with reference to the example embodiments and
set forth in the following claims is manifestly intended to be
as broad as possible. For example, unless specifically oth-
erwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements.

What is claimed is:

1. A pool cleaning system for cleaning debris from a
submerged surface of a swimming pool comprising:

a self-propelled pool cleaner having rotatably-mounted
supports for supporting and guiding the cleaner on the
pool surface;

a filter configured to retain the debris collected from the
submerged surface of the swimming pool;

an electric motor for enabling the rotation of the rotatably-
mounted supports on the pool surface;

at least one camera to capture imagery of the pool surface;

a controller, in electronic communication with the at least
one camera, to determine a cleanliness characteristic of
the pool surface on which the cleaner has passed based
on the camera imagery and generate a control signal to
direct movement of the cleaner based on the cleanliness
characteristic of the pool surface; and

a portable electronic device configured to present a
graphic on a display, the graphic depicting the sub-
merged surface of the pool and those portions of the
surface that remain uncleaned as the cleaner traverses
the pool surface.

2. The system of claim 1, wherein the at least one camera

is carried by the cleaner.

3. The system of claim 1, wherein the controller is carried
by the cleaner.
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4. The system of claim 1, wherein the electric motor is
mechanically connected to at least one of the rotatably-
mounted supports.

5. The system of claim 1, wherein the controller is
operable to execute one or more cleaning programs for
cleaning the submerged surfaces of the pool.

6. The system of claim 5, wherein the control signal
causes the cleaner to drive in a direction to clean a portion
of the pool surface based on the cleanliness characteristic of
the pool surface.

7. The system of claim 5, wherein the control signal
causes the cleaner to steer in a direction to clean a portion
of the pool surface based on the cleanliness characteristic of
the pool surface.

8. The system of claim 5, wherein the control signal
causes the cleaner to drive in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

9. The system of claim 5, wherein the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

10. The system of claim 1, wherein the captured imagery
from the at least one camera is digitally processed by the
controller to determine the cleanliness characteristic of the
pool surface.

11. The system of claim 1, wherein the captured imagery
from the at least one camera is digitally processed by a
remote processor to determine the cleanliness characteristic
of the pool surface.
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12. The system of claim 1 further comprising a dry station
located remotely from the cleaner and in communication
with the cleaner, wherein the dry station includes the con-
troller.

13. The system of claim 1 further comprising a dry station
located remotely from the cleaner and in communication
with the cleaner, wherein the controller is located remotely
from the cleaner and the dry station.

14. The system of claim 1, wherein the controller controls
electric power provided to the electric motor.

15. The system of claim 1, wherein the control signal
causes the cleaner to move in a direction of a portion of the
pool surface to be cleaned based solely upon signals
received from the camera.

16. The system of claim 15, wherein the control signal
causes the cleaner to drive in a direction to clean a portion
of the pool surface based on the cleanliness characteristic of
the pool surface.

17. The system of claim 15, wherein the control signal
causes the cleaner to steer in a direction to clean a portion
of the pool surface based on the cleanliness characteristic of
the pool surface.

18. The system of claim 15, wherein the control signal
causes the cleaner to drive in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

19. The system of claim 15, wherein the control signal
causes the cleaner to steer in a direction to re-clean a portion
of the pool surface over which the cleaner has passed.

E I S T
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1
POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES
OF A POOL USING IMAGES FROM A
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATION

This patent application is a Continuation of commonly
owned U.S. patent application Ser. No. 13/545,918,; filed Jul.
10, 2012, the contents of which are incorporated by refer-
ence herein in its entirety.

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result,
automated robotic pool cleaners have been developed. How-
ever, controlling and monitoring such automated robotic
pool cleaners to insure that all portions of the pool surfaces
are satisfactorily cleaned remains a challenge.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an example pool
cleaning system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may
be carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool
22 containing a liquid 24. In particular, pool cleaning system
20 is adapted to clean at least a bottom or floor surface 26
of the pool 22 and possibly to additionally clean surfaces 28
of pool 22. As will be described hereafter, pool cleaning
system facilitates the control and monitoring of a robotic
pool cleaner to better assure that all portions of pool 22 are
satisfactorily cleaned.

Pool cleaning system 20 comprises vehicle 30, cameras
32 and controller 42. Vehicle 30 comprises an automated
powered device configured to travel adjacent to submerged
or water containing surfaces of pool 20 (such as floor 26
and/or side surfaces 28) while cleaning such surfaces. In one
implementation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw
debris, such as bacterial growth or plant growth, from such
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pool surfaces, wherein the drawn liquid containing such
residue or foreign matter is filtered to collect the debris. In
other implementations, vehicle 30 may not collect such
debris, wherein vehicle 30 merely loosens such debris on the
pool surfaces such that the loosened or separated debris may
be subsequently removed using the existing liquid filtering
system of pool 22.

To assist in the loosening of debris, in one implementa-
tion, vehicle 30 may additionally include a chemical dis-
penser to closely apply pool cleaning chemicals to the pool
surfaces as the vehicle 30 traverses such surfaces. In one
implementation, vehicle 30 may additionally or alternatively
include one or more scrubbing members, such as active
(driven) or passive (undriven or idling) brushes, to assist in
the removal of residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may
additionally or alternatively include liquid jets to assist in
the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the sub-
merged pool surfaces using wheels, rollers, tracks or other
surface contacting members powered by a motor and the
like. Such wheels, rollers or tracks may themselves include
the scrubbing members used to clean the surfaces. In one
implementation vehicle 30 may also alternatively be pro-
pelled by means of the vacuum or liquid jets. The vacuum
or liquid jets used for such propulsion nozzle facilitate
loosening of debris for collection by vehicle 30. In other
implementations, vehicle 30 may include other propulsion
mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged
within pool 22. In other implementations, cameras 32
merely capture images of submerged surfaces 26, 28 of pool
22.

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a pre-
defined age, such as a child, is present at pool 22 without a
detected presence of a recognized adult. In another imple-
mentation, cameras 32 may detect the presence of an unau-
thorized person or intruder at pool 22. Identification of the
person may be achieved by an off-site human or computer-
ized monitoring system, wherein signals from cameras 32
are transmitted across a wide area network or may be
achieved with software of controller 42 which includes
facial recognition or other identification programming.

Because pool cleaning system 20 utilizes pre-existing
cameras 32 provided as part of a security system or shares
the use of cameras 32 with such a home or pool security
system, pool cleaning system 20 is easier to set up, less
complex and less expensive. In other implementations, pool
cleaning system 20 may utilize dedicated cameras 22 inde-
pendent of any cameras associated with a home, facility or
pool security system. In such an alternative system, cameras
32 may be more precisely focused upon pool 22 and surfaces
26, 28 while also including appropriate lenses or modifica-
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tions to account for glare, refraction and the like to better
facilitate the capture of surfaces and vehicle 30 which are
submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For pur-
poses of this application, the term “processing unit” shall
mean a presently developed or future developed processing
unit that executes sequences of instructions contained in a
memory. Execution of the sequences of instructions causes
the processing unit to perform steps such as generating
control signals. The instructions may be loaded in a random
access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or
some other persistent storage. In other embodiments, hard
wired circuitry may be used in place of or in combination
with software instructions to implement the functions
described. For example, controller 42 may be embodied as
part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller
is not limited to any specific combination of hardware
circuitry and software, nor to any particular source for the
instructions executed by the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connec-
tion. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless
connection, such as cross a local area network (LAN) or a
wide area network (WAN) such as the Internet. One of
limitation, controller 42 may communicate with vehicle 30
and cameras 32 using a combination of both wired and
wireless communication connections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cam-
eras 32. In one implementation, controller 42 provides the
sole steering directions for vehicle 30 using signals from
cameras 32. Because vehicle 30 is precisely steered under
the control of controller 42, rather than traveling in a random
manner, entire summer surfaces of pool 22 may be more
quickly and efficiently covered and cleaned. Because con-
troller 42 provides the only steering instructions for vehicle
30 and utilizes signals from cameras 32, complex steering
algorithms or codes in either vehicle 30 or controller 42 may
be omitted to reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of pool 22 have been cleaned, that no spots have
been missed. Upon identifying a missed spot, controller 42
utilizes signals from camera 32 to steer vehicle 32 over such
missed portions of surfaces 26, 28. According to one
example, controller 42 not only uses signals from camera 32
to determine whether any portions of surfaces 26, 28 have
been missed entirely, but to also determine whether any
portions of surfaces 26, 28 have been cleaned, but not to a
satisfactory degree or extent. In such circumstances, con-
troller 42 uses signals from cameras 32 to steer vehicle 34
such areas to re-clean such portions until such portions have
been satisfactorily cleaned such that the portions have a
cleanliness characteristic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
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components of pool cleaning system 120 which correspond
to components of pool cleaning system 20 are numbered
similarly.

Dry station 46 comprises a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry sta-
tion 46 communicates with vehicle 30 in a wired fashion. In
such an implementation, dry station 46 further provides
electrical power to vehicle 30 in a wired fashion. Dry station
46 communicates with cameras 32 and either a wired or
wireless fashion.

Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one
implementation, display 50 is utilized by pool cleaning
system 120 and a controller 42 to present a graphical
depiction of those portions of surfaces 26, 28 of pool 22 have
not been satisfactorily cleaned so as to satisfy a predefined
cleanliness characteristic threshold. Such portions may com-
prise portions that have been completely missed by vehicle
30 as well as those portions that have been covered by
vehicle 30 but have not been satisfactorily cleaned with the
given number of passes of vehicle 30 or the existing cleaning
settings of vehicle 30. The graphical depiction presented on
display 50 enables a person view the quality of the prior
cleaning session and to input commands causing controller
42 to generate control signals using signals from camera 32
to steer vehicle 30 back to such identified portions where
such portions may be cleaned at the same or elevated
cleaning aggressiveness settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to
visually determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system
20. Pool cleaning system 220 is similar to pool cleaning
system 20 except that pool cleaning system 220 additionally
comprises dry station 246, display 50, and remote server
254. Those remaining components of pool cleaning system
220 which correspond to components of pool cleaning
system 20 or pool cleaning system 120 are numbered
similarly.

Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
comprise a wide area network, such as the Internet. For
example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246
may communicate across a local area network to controller
42. In another implementation, dry station 246 may com-
municate through a router, across a local area network, to a
local modem which communicates across a network 260.
The example illustrated, dry station 246 further provides
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part of vehicle 30 across a wired cable or wired connection.
Display 50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from
cameras 32, controller 42 generates control signals which
are transmitted back across network 260 and through dry
station 246 to vehicle 30 to steer vehicle 30.

As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon
signals from cameras 32 transmitted across dry station 246
of system 320. In such an implementation, the cost and
complexity of pool cleaning system 220 is reduced since
controller 42 is remotely provided at remote server 254
which services multiple pool cleaning systems 220, 320.
Upgrades to controller 42 and its software are also more
easily achieved for all pool cleaning systems to 20, 320 and
their pools 22, 222 being serviced. In one implementation,
the supervised cleaning, inspection and possible re-cleaning
facilitated by the use of cameras 32 may be provided as part
of a subscription to users of vehicle 30. In such an imple-
mentation, a pool 22 having security cameras 32 may be
upgraded with appropriate software or an appropriate soft-
ware module added to dry station 246 to make a network
connection with controller 42 which directs the security
cameras 32 to capture vehicle 3020 utilizes such signals for
steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pool cleaning
system 120 except that pool cleaning system 420 addition-
ally comprises a portable electronic device 464. Those
remaining components of pool cleaning system 420 which
correspond to components of pool cleaning system 120 are
numbered similarly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such
a portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illus-
trated, PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PED 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard. In
other implementations, input 466 may comprise a touchpad,
a stylus, a microphone with associated speech recognition
software or programming, a touch screen, buttons, switches
and the like. In some implementations, input 466 may
comprise a touch screen incorporated as part of display 468.

Display 468 comprises a user interface by which graphi-
cal or textual data is presented to a user. Display 468 may
present the same or similar information as presented at dry
station 246 by display 50 as described above. In one
implementation, display 468 comprises a liquid crystal
display. In other implementations, display 468 may com-
prise other types of display technology such as a light
emitting diode display, an organic light emitting diode
display (OLED), an electronic ink (e-ink) display or other
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types of display technology in present use or developed in
the future. Although system 420 is illustrated as including
controller 422 is part of dry station 46, in some implemen-
tations, controller 42 may alternatively be located as part of
PED 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle
30 of system 420. PED 464 provides a person with a
graphical presentation (described above with respect to
display 50) indicating those portions of surfaces 26 28 of
pool 22 that have been completed as well as those portions
26, 20 and that remain to be cleaned. The person may also
be provided with a graphical indication of what portions
need to be re-cleaned to meet predetermined cleanliness
thresholds. In the example illustrated, input 466 enables a
person to enter commands or selections which are transmit-
ted across network 260 to controller 42 to adjust operation
of vehicle 30. For example, the path or route of vehicle 30
may be changed, the aggressiveness of the cleaning chemi-
cals or mechanical cleaning devices may be adjusted, the
speed at which vehicle 30 traverses surfaces 26, 28 may be
adjusted. In response to such adjustment signals from PED
464, controller 42 may utilize signals from cameras 32 to
adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system
20. Pool cleaning system 520 is similar to pool cleaning
system 420 except that pool cleaning system 520 addition-
ally comprises a remote server 554. Those remaining com-
ponents of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered
similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which
is in communication with dry station 246 across network
260. Remote server 254 includes controller 42. During
operation, signals from cameras 32 are transmitted across
dry station 246 across network 260 to controller 42 of
remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30. Controller 42 further relays
either the raw signals from camera 32 or image signals
generated based upon signals from cameras 32 to PED 464,
wherein such images (described above) are presented on
display 468. As noted above, PED may further receive
commands through input 466, wherein such commands are
transmitted to controller 42 which generates control signals
that are ultimately transmitted to vehicle 30 for steering
vehicle 30.

As with remote server 254, remote server 554 and net-
work 260 may be shared as part of other pool cleaning
systems 320 (shown in FIG. 3), wherein controller 42
generates control signals for steering the pool cleaning
vehicle 30 of system 320 based upon signals from cameras
32 transmitted across dry station 246 of system 320. In such
implementations, controller 42 of remote server 554 may
interact with other PEDs 464. In such an implementation,
the cost and complexity of pool cleaning system 220 is
reduced since controller 42 is remotely provided at remote
server 254 which services multiple pool cleaning systems
220, 320. Upgrades to controller 42 and its software are also
more easily achieved for all pool cleaning systems to 20, 320
and their pools 22, 222 being serviced. In one implementa-
tion, the supervised cleaning, inspection and possible re-
cleaning facilitated by the use of cameras 32 may be
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provided as part of a subscription to users of vehicle 30. In
such an implementation, a pool 22 having security cameras
32 may be upgraded with appropriate software or an appro-
priate software module added to dry station 246 to make a
network connection with controller 42 which directs the
security cameras 32 to capture vehicle 3020 utilizes such
signals for steering vehicle 30. As indicated by broken lines,
in other implementations, the controller 42 for generating
control signals steering vehicle 30 based upon signals from
cameras 32 may alternatively be relocated in PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller
42 obtain such signals from cameras 32 for the surfaces of
pool 22 that have been cleaned. As indicated by step 606,
controller 42 uses information gathered from the signals
from cameras 32 to identify those portions of surfaces 26, 28
not satisfactorily cleaned—not satisfying a predefined clean-
liness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely
by vehicle 30 during a pool cleaning session may be
automatically deemed to not satisfy a predetermined clean-
liness characteristic.

As indicated by step 608, based upon such determina-
tions, controller 42 generates control signals resulting in the
presentation of a graphical depiction of those portions of
pool 22 that has not been satisfactorily cleaned. Such
graphical representations or depictions may be presented on
display 50 or display 468. FIGS. 7 and 8 illustrate examples
of graphical depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28
of pool 22 and a second portion 626 representing the floor
26 of pool 22. Graphical depiction 620 further comprises a
moving icon 628 representing the current positioning of
vehicle 30. In one implementation, the path of vehicle 30
may additionally be depicted by icon 628 shown in broken
lines. As shown by FIG. 7, those portions 632 of surfaces 26,
28 of pool 22 (shown in FIG. 1) over which of vehicle 30 has
moved are identified by graphical depiction 620 either by
color, markings or other various distinctive attributes. Like-
wise, those portions 634 of surfaces 26, 28 of pool 22 that
have not been covered by vehicle 30 are identified by a
distinct color col marking or distinctive attribute of depic-
tion 620. As a result, a person may view the current position
of vehicle 30, the extent to which pool 22 has been cleaned
or covered by vehicle 30 and the extent of pool 22 that
remains to be cleaned. In the example illustrated, depiction
620 further identifies those portions 638 of surfaces 26, 28
that have been cleaned, but which have not been cleaned to
a satisfactory degree or extent. In one implementation,
portions 638 may be identified by colors, brightness, mark-
ings or other visually distinctive attributes that are visually
distinct from both portions 632 and portions 634. In other
implementations, portions 638 may have the same charac-
teristic of portions 634. In yet other implementations, dif-
ferent portions 638 may have different visual attributes
depending upon a degree to which such clean portions have
failed to satisfy the predefined cleanliness characteristic
threshold. In some implementations, different port 638 may
have different visual attributes depending upon different
cleaning strategies that may be recommended for the dif-
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ferent portions 638. For example, controller 42 may deter-
mine and recommend a first cleaning strategy (a first chemi-
cal solution jetted at a first rate and scrubbed at a first rate)
with respect to a first portion 638 and may recommend a
second different cleaning strategy (a second chemical solu-
tion jetted at a second rate is about a second rate) with
respect to a second portion 638, wherein the different
cleaning strategies are represented by different visual attri-
butes presented in depiction 620.

FIG. 8 illustrates display 468 presenting a graphical
depiction 720. Graphical depiction 720 comprises a first
graphic 622 having a first portion 624 representing sides or
walls 28 of pool 22 and a second portion 626 representing
the floor 26 of pool 22 (shown in FIG. 1). Graphical
depiction 720 is similar to graphical depiction 620 except
that graphical depiction 720 omits icon 628 presenting
vehicle 30. Like depiction 620, depiction 720 graphically
depicts those portions 632 of surfaces 26, 28 over which
vehicle 30 has traveled while in a cleaning mode. Depiction
720 also visually depicts those portions 634 that have not
been covered by vehicle 30 in the cleaning mode and those
portions 638 over which vehicle 30 has traveled while in the
cleaning mode, but which have not been cleaned to a
satisfactory degree. As illustrated in FIG. 8, different por-
tions 638 may be visibly distinguished from one another
through color, text or markings indicating either differences
in the cleanliness of such portions 638 or indicating different
recommended cleaning strategies or approaches that may be
selected by a person using input 466 when vehicle 30 is
steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of
pool 22, such as portions 638. Such steering may be facili-
tated by using signals from cameras 32. As noted above, in
some implementations, a person may be allowed choose a
cleaning approach for a particular portion 638 using input
466. The selection may be facilitated by visual inspection of
the different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some
implementations, input 466 may additionally be utilized by
a person to prioritize an order in which portions 638 are
re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
power source 831 through a power line or power cable 833
to vehicle 830. In the example illustrated, data communica-
tion and communication of control signals, also occurs
across wired connections within or alongside the same line
833. In the example illustrated, remote server 554 serves as
a communication link by which upgrades to controller 42
may be implemented across a wide number of pool cleaning
systems and by which information from controller 42 is
conveyed to one or more portable electronic devices 464
across network 260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device. Vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900
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provide traction and propulsion for vehicle 30. Vehicle 830
comprises rotating brushes 902 to loosen waterline buildup
and breakdown large debris while power washing jets 904
flush out dirt from pores, seems in corners where brushes
902 may not be able to reach. The loosened dirt and debris
is vacuumed through off-center vacuum ports 906 which
passes the vacuumed debris through internally house filter
bag. In the example illustrated, vehicle 830 further com-
prises rollers 908 which inhibit vehicle 830 from becoming
impeded or stuck on raised drains or pop-up heads. Although
illustrated as being employed with system 820, vehicle 830
may also be utilized with any of systems 20, 120, 220, 320
and 420. In other implementations, other robotic or auto-
mated pool cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
claimed subject matter. For example, although different
example embodiments may have been described as includ-
ing one or more features providing one or more benefits, it
is contemplated that the described features may be inter-
changed with one another or alternatively be combined with
one another in the described example embodiments or in
other alternative embodiments. Because the technology of
the present disclosure is relatively complex, not all changes
in the technology are foreseeable. The present disclosure
described with reference to the example embodiments and
set forth in the following claims is manifestly intended to be
as broad as possible. For example, unless specifically oth-
erwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements.

What is claimed is:

1. A pool cleaning system for cleaning debris from a
submerged surface of a swimming pool comprising:

a self-propelled pool cleaner having rotatably-mounted
supports for supporting and guiding the cleaner on the
pool surface;

a filter configured to retain the debris collected from the
submerged surface of the swimming pool;

an electric motor for enabling the rotation of the rotatably-
mounted supports on the pool surface;

at least one camera to capture imagery of the pool surface;

a controller, in electronic communication with the at least
one camera, to determine a cleanliness characteristic of
the pool surface on which the cleaner has passed based
on the camera imagery and generate a control signal to
direct movement of the cleaner based on the cleanliness
characteristic of the pool surface, wherein the control
signal directs movement of the cleaner to reclean a
portion of the pool surface where the cleanliness char-
acteristic fails to satisfy a predefined threshold.

2. The system of claim 1, wherein the at least one camera

is carried by the cleaner.

3. The system of claim 1, wherein the controller is carried
by the cleaner.

4. The system of claim 1, wherein the electric motor is
mechanically connected to at least one of the rotatably-
mounted supports.

5. The system of claim 1, wherein the controller is
operable to execute one or more cleaning programs for
cleaning the submerged surfaces of the pool.

6. The system of claim 1, wherein the captured imagery
from the at least one camera is digitally processed by the
controller to determine the cleanliness characteristic of the
pool surface.
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7. The system of claim 1, wherein the captured imagery
from the at least one camera is digitally processed by a
remote processor to determine the cleanliness characteristic
of the pool surface.

8. The system of claim 1 further comprising at least one
sensor to detect the cleanliness characteristic of the pool
surface on which the cleaner has passed.

9. The system of claim 8, wherein the at least one sensor
is carried by the cleaner.

10. The system of claim 1, wherein the control signal
causes the cleaner to drive in the direction of the portion of
the pool surface to be recleaned.

11. The system of claim 1, wherein the control signal
causes the cleaner to steer in the direction of the portion of
the pool surface to be recleaned.

12. The system of claim 1 further comprising a dry station
located remotely from the cleaner and in communication
with the cleaner, wherein the dry station includes the con-
troller.

13. The system of claim 1 further comprising a dry station
located remotely from the cleaner and in communication
with the cleaner, wherein the controller is located remotely
from the cleaner and the dry station.

14. The system of claim 1 further comprising a portable
electronic device having a display, wherein the portable
electronic device is configured to present a graphic on the
display, the graphic depicting the submerged surface of the
pool and those portions of the surface that remain uncleaned
as the cleaner traverses the pool surface.

15. The system of claim 1, wherein the controller controls
electric power provided to the electric motor.

16. A pool cleaning system for cleaning debris from a
submerged surface of a swimming pool comprising:

a self-propelled pool cleaner having rotatably-mounted
supports for supporting and guiding the cleaner on the
pool surface;

an electric motor for enabling the rotation of the rotatably-
mounted supports on the pool surface;

a filter configured to retain the debris collected from the
submerged surface of the swimming pool;

at least one camera to capture imagery of the pool surface;

at least one sensor to detect a cleanliness characteristic of
the pool surface on which the cleaner has passed;

a controller in electronic communication with the at least
one camera and the at least one sensor to a generate a
control signal to direct movement of the cleaner based
on the cleanliness characteristic of the pool surface; and

wherein the control signal directs movement of the
cleaner to reclean a portion of the pool surface where
the cleanliness characteristic fails to satisfy a pre-
defined threshold.

17. The system of claim 16, wherein the at least one

camera and at least one sensor are carried by the cleaner.

18. The system of claim 16, wherein the controller is
operable to execute one or more cleaning programs for
cleaning the submerged surfaces of the pool.

19. The system of claim 16, wherein the at least one
camera captures the imagery during a pass of the cleaner on
the submerged surface and the captured imagery from the at
least one camera is utilized to determine the cleanliness
characteristic of the pool surface.

20. The system of claim 16, wherein the captured imagery
from the at least one camera is digitally processed by the
controller to determine the cleanliness characteristic of the
pool surface.
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21. The system of claim 16, wherein the control signal
causes the cleaner to drive in the direction of the portion of
the pool surface to be recleaned.

22. The system of claim 16, wherein the controller con-
trols electric power provided to the electric motor. 3

*® ok ok ok 3k
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POOL CLEANING SYSTEM AND METHOD
TO AUTOMATICALLY CLEAN SURFACES OF
A POOL USING IMAGES FROM A CAMERA

BACKGROUND

Manually cleaning the floor and sides of a swimming pool
may be a tedious and time-consuming task. As a result, auto-
mated robotic pool cleaners have been developed. However,
controlling and monitoring such automated robotic pool
cleaners to insure that all portions of the pool surfaces are
satisfactorily cleaned remains a challenge.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an example pool clean-
ing system.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 2 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 3 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 4 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 5 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1.

FIG. 6 is a flow diagram of an example method that may be
carried out with the pool cleaning system of FIG. 2-5.

FIG. 7 is a plan view of an example display with an
example graphical depiction.

FIG. 8 is a plan view of another example display with an
example graphical depiction.

FIG. 9 is a schematic illustration of an implementation of
the pool cleaning system of FIG. 1 with an example pool
cleaning vehicle.

FIG. 10 is a bottom perspective view of the example pool
cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

FIG. 1 schematically illustrates an example pool cleaning
system 20. As schematically shown by FIG. 1, pool cleaning
system 20 is adapted to clean submerged surfaces of a pool 22
containing a liquid 24. In particular, pool cleaning system 20
is adapted to clean at least a bottom or floor surface 26 of the
pool 22 and possibly to additionally clean surfaces 28 of pool
22. As will be described hereafter, pool cleaning system
facilitates the control and monitoring of a robotic pool cleaner
to better assure that all portions of pool 22 are satisfactorily
cleaned.

Pool cleaning system 20 comprises vehicle 30, cameras 32
and controller 42. Vehicle 30 comprises an automated pow-
ered device configured to travel adjacent to submerged or
water containing surfaces of pool 20 (such as floor 26 and/or
side surfaces 28) while cleaning such surfaces. In one imple-
mentation, vehicle 30 may include vacuum or suction
devices, a liquid circulation system and a filter to draw debris,
such as bacterial growth or plant growth, from such pool
surfaces, wherein the drawn liquid containing such residue or
foreign matter is filtered to collect the debris. In other imple-
mentations, vehicle 30 may not collect such debris, wherein
vehicle 30 merely loosens such debris on the pool surfaces
such that the loosened or separated debris may be subse-
quently removed using the existing liquid filtering system of
pool 22.
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To assist in the loosening of debris, in one implementation,
vehicle 30 may additionally include a chemical dispenser to
closely apply pool cleaning chemicals to the pool surfaces as
the vehicle 30 traverses such surfaces. In one implementation,
vehicle 30 may additionally or alternatively include one or
more scrubbing members, such as active (driven) or passive
(undriven or idling) brushes, to assist in the removal of resi-
due or foreign matter from such pool surfaces. In yet another
implementation, vehicle 30 may additionally or alternatively
include liquid jets to assist in the loosening of debris.

To move along the submerged surfaces of pool 22, vehicle
30 includes one or more propulsion mechanisms. In one
implementation, vehicle 30 is propelled along the submerged
pool surfaces using wheels, rollers, tracks or other surface
contacting members powered by a motor and the like. Such
wheels, rollers or tracks may themselves include the scrub-
bing members used to clean the surfaces. In one implemen-
tation vehicle 30 may also alternatively be propelled by
means of the vacuum or liquid jets. The vacuum or liquid jets
used for such propulsion nozzle facilitate loosening of debris
for collection by vehicle 30. In other implementations,
vehicle 30 may include other propulsion mechanisms.

Cameras 32 comprise devices configured to capture video
or time lapse images of pool 22. In the example illustrated,
cameras 32 are mounted on structures external to pool 22. In
other words, cameras 32 are not submerged. In other imple-
mentations, cameras 32 may alternatively be mounted to
vehicle 30. In the example illustrated, cameras 32 capture
movement of vehicle 30 while vehicle 30 is submerged within
pool 22. In other implementations, cameras 32 merely cap-
ture images of submerged surfaces 26, 28 of pool 22.

In the example illustrated, cameras 32 comprise cameras
serving as part of a home or pool security system, wherein
such cameras detect the presence of a person at pool 22
satisfying a predefined characteristic and wherein an alert is
output upon the person’s detected presence. For example, in
one implementation, cameras 32 are utilized as part of a
security system that detects when a person below a predefined
age, such as a child, is present at pool 22 without a detected
presence of a recognized adult. In another implementation,
cameras 32 may detect the presence of an unauthorized per-
son or intruder at pool 22. Identification of the person may be
achieved by an off-site human or computerized monitoring
system, wherein signals from cameras 32 are transmitted
across a wide area network or may be achieved with software
of controller 42 which includes facial recognition or other
identification programming.

Because pool cleaning system 20 utilizes pre-existing cam-
eras 32 provided as part of a security system or shares the use
of cameras 32 with such a home or pool security system, pool
cleaning system 20 is easier to set up, less complex and less
expensive. In other implementations, pool cleaning system 20
may utilize dedicated cameras 22 independent of any cameras
associated with a home, facility or pool security system. In
such an alternative system, cameras 32 may be more precisely
focused upon pool 22 and surfaces 26, 28 while also including
appropriate lenses or modifications to account for glare,
refraction and the like to better facilitate the capture of sur-
faces and vehicle 30 which are submerged.

Controller 42 comprises one or more processing units in
communication with vehicle 30 and cameras 32. For purposes
of this application, the term “processing unit” shall mean a
presently developed or future developed processing unit that
executes sequences of instructions contained in a memory.
Execution of the sequences of instructions causes the pro-
cessing unit to perform steps such as generating control sig-
nals. The instructions may be loaded in a random access
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memory (RAM) for execution by the processing unit from a
read only memory (ROM), a mass storage device, or some
other persistent storage. In other embodiments, hard wired
circuitry may be used in place of or in combination with
software instructions to implement the functions described.
For example, controller 42 may be embodied as part of one or
more application-specific integrated circuits (ASICs). Unless
otherwise specifically noted, the controller is not limited to
any specific combination of hardware circuitry and software,
nor to any particular source for the instructions executed by
the processing unit.

In one implementation, controller 42 communicates with
vehicle 30 and cameras 32 entirely across a wired connection.
In another implementation, controller 42 communicates with
vehicle 30 and cameras 32 across a wireless connection, such
as cross a local area network (LAN) or a wide area network
(WAN) such as the Internet. One of limitation, controller 42
may communicate with vehicle 30 and cameras 32 using a
combination of both wired and wireless communication con-
nections.

Controller 42 is configured to generate control signals for
steering vehicle 30 based upon signals received from cameras
32. In one implementation, controller 42 provides the sole
steering directions for vehicle 30 using signals from cameras
32. Because vehicle 30 is precisely steered under the control
of controller 42, rather than traveling in a random manner,
entire summer surfaces of pool 22 may be more quickly and
efficiently covered and cleaned. Because controller 42 pro-
vides the only steering instructions for vehicle 30 and utilizes
signals from cameras 32, complex steering algorithms or
codes in either vehicle 30 or controller 42 may be omitted to
reduce complexity and cost of system 20.

In another implementation, vehicle 30 may cover or travel
across surfaces of pool 22 in either a random fashion or
according to an automated pool coverage algorithm or pool
coverage pattern stored in a memory associated with vehicle
30 or controller 42. In such an implementation, controller 42
utilizes signals from cameras 32 to verify that all of the
surfaces of pool 22 have been cleaned, that no spots have been
missed. Upon identifying a missed spot, controller 42 utilizes
signals from camera 32 to steer vehicle 32 cover such missed
portions of surfaces 26, 28. According to one example, con-
troller 42 not only uses signals from camera 32 to determine
whether any portions of surfaces 26, 28 have been missed
entirely, but to also determine whether any portions of sur-
faces 26, 28 have been cleaned, but not to a satisfactory degree
or extent. In such circumstances, controller 42 uses signals
from cameras 32 to steer vehicle 34 such areas to re-clean
such portions until such portions have been satisfactorily
cleaned such that the portions have a cleanliness characteris-
tic satisfying a predefined threshold.

FIG. 2 schematically illustrates pool cleaning system 120,
the particular example of pool cleaning system 20 described
above. Pool cleaning system 120 is similar to pool cleaning
system 20 except that pool cleaning system 120 additionally
comprises dry station 46 and display 50. Those remaining
components of pool cleaning system 120 which correspond to
components of pool cleaning system 20 are numbered simi-
larly.

Dry station 46 comprise a station in communication with
vehicle 30 and cameras 32 outside of pool 22. Dry station 46
incorporates controller 42. In one implementation, dry station
46 communicates with vehicle 30 in a wired fashion. In such
an implementation, dry station 46 further provides electrical
power to vehicle 30 in a wired fashion. Dry station 46 com-
municates with cameras 32 and either a wired or wireless
fashion.
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Display 50 comprises a device to present a graphical
images and text on a display screen. In one implementation,
display 58 may be incorporated as part of dry station 46. In
another implementation, display 50 may be provided on a
portable electronic device, a computer, a television and the
like. Display 50 is utilized by pool cleaning system 120 to
present information regarding the cleaning of pool 22 to
facilitate control of vehicle 30 by controller 42. In one imple-
mentation, display 50 is utilized by pool cleaning system 120
and a controller 42 to present a graphical depiction of those
portions of surfaces 26, 28 of pool 22 have not been satisfac-
torily cleaned so as to satisfy a predefined cleanliness char-
acteristic threshold. Such portions may comprise portions
that have been completely missed by vehicle 30 as well as
those portions that have been covered by vehicle 30 but have
not been satisfactorily cleaned with the given number of
passes of vehicle 30 or the existing cleaning settings of
vehicle 30. The graphical depiction presented on display 50
enables a person view the quality of the prior cleaning session
and to input commands causing controller 42 to generate
control signals using signals from camera 32 to steer vehicle
30 back to such identified portions where such portions may
be cleaned at the same or elevated cleaning aggressiveness
settings.

Another implementation, display 50 may be further uti-
lized by controller 42 to depict the progress of vehicle 30 in
cleaning pool 22. Such a display 50 allows a person to visu-
ally determine how much of the pool has been currently
cleaned and to estimate the remaining time before the pool
cleaning task is completed. In certain circumstances, using
display 50, a person may adjust a setting of vehicle 30 to
accelerate a rate at which surfaces 26, 20 of pool 22 are
cleaned to meet an earlier desired completion time for such
pool cleaning.

FIG. 3 schematically illustrates pool cleaning system 220,
another example implementation of pool cleaning system 20.
Pool cleaning system 220 is similar to pool cleaning system
20 except that pool cleaning system 220 additionally com-
prises dry station 246, display 50, and remote server 254.
Those remaining components of pool cleaning system 220
which correspond to components of pool cleaning system 20
or pool cleaning system 120 are numbered similarly.

Dry station 246 is similar to dry station 46, described
above, except that dry station 246 serves as a local interface
for communication with controller 42 across a network 260.
In one implementation, network 260 may comprise a local
area network. In another implementation, network 260 may
comprise a wide area network, such as the Internet. For
example, in one implementation, dry station 246 may incor-
porate a modem. In one implementation, dry station 246 may
communicate across a local area network to controller 42. In
another implementation, dry station 246 may communicate
through a router, across a local area network, to a local
modem which communicates across a network 260. The
example illustrated, dry station 246 further provides part of
vehicle 30 across a wired cable or wired connection. Display
50 is described above with respect to system 120.

Remote server 254 comprises a server remote from dry
station 246 which is in communication with dry station 246
across network 260. Remote server 254 includes controller
42. During operation, signals from cameras 32 are transmit-
ted across dry station 246 across network 260 to controller 42
of remote server 254. Based upon such signals from cameras
32, controller 42 generates control signals which are trans-
mitted back across network 260 and through dry station 246
to vehicle 30 to steer vehicle 30.
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As shown by FIG. 3, remote server 254 and network 260
may be shared as part of other pool cleaning systems 320,
wherein controller 42 generates control signals for steering
the pool cleaning vehicle 30 of system 320 based upon signals
from cameras 32 transmitted across dry station 246 of system
320. In such an implementation, the cost and complexity of
pool cleaning system 220 is reduced since controller 42 is
remotely provided at remote server 254 which services mul-
tiple pool cleaning systems 220, 320. Upgrades to controller
42 and its software are also more easily achieved for all pool
cleaning systems to 20, 320 and their pools 22, 222 being
serviced. In one implementation, the supervised cleaning,
inspection and possible re-cleaning facilitated by the use of
cameras 32 may be provided as part of a subscription to users
of vehicle 30. In such an implementation, a pool 22 having
security cameras 32 may be upgraded with appropriate soft-
ware or an appropriate software module added to dry station
246 to make a network connection with controller 42 which
directs the security cameras 32 to capture vehicle 3020 uti-
lizes such signals for steering vehicle 30.

FIG. 4 schematically illustrates pool cleaning system 420,
another particular implementation of pool cleaning system
20. Pool cleaning system 420 is similar to pull cleaning sys-
tem 120 except that pool cleaning system 420 additionally
comprises a portable electronic device 464. Those remaining
components of pool cleaning system 420 which correspond to
components of pool cleaning system 120 are numbered simi-
larly.

Portable electronic device 464 comprises a portable hand-
held electronic device in communication with controller 42
and/or dry station 46 across network 260. Examples of such a
portable electronic device (PED) 300 include, but are not
limited to, a smart phone, a personal data assistant (PDA),
laptop, notebook computer, tablet computer (e.g. IPAD) and
MP3 player (e.g., IPOD TOUCH). In the example illustrated,
PED 464 comprises input 466 and display 468.

Input 466 serves as a user interface for PED 464 by which
inputs are made to PED 464. Input 466 facilitates entry of
inputs or commands by a person to cause controller 42 to
generate control signals varying the control of vehicle 30. In
one implementation, input 466 comprise a keyboard. In other
implementations, input 466 may comprise a touchpad, a sty-
lus, a microphone with associated speech recognition soft-
ware or programming, a touch screen, buttons, switches and
the like. In some implementations, input 466 may comprise a
touch screen incorporated as part of display 468.

Display 468 comprises a user interface by which graphical
or textual data is presented to a user. Display 468 may present
the same or similar information as presented at dry station 246
by display 50 as described above. In one implementation,
display 468 comprises a liquid crystal display. In other imple-
mentations, display 468 may comprise other types of display
technology such as a light emitting diode display, an organic
light emitting diode display (OLED), an electronic ink (e-ink)
display or other types of display technology in present use or
developed in the future. Although system 420 is illustrated as
including controller 422 is part of dry station 46, in some
implementations, controller 42 may alternatively be located
as part of PED 464.

PED 464 enables a person located remote from pool 22 to
monitor the progress of the cleaning of pool 22 by vehicle 30
of system 420. PED 464 provides a person with a graphical
presentation (described above with respect to display 50)
indicating those portions of surfaces 26, 28 of pool 22 that
have been completed as well as those portions 26, 20 and that
remain to be cleaned. The person may also be provided with
a graphical indication of what portions need to be re-cleaned
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to meet predetermined cleanliness thresholds. In the example
illustrated, input 466 enables a person to enter commands or
selections which are transmitted across network 260 to con-
troller 42 to adjust operation of vehicle 30. For example, the
path or route of vehicle 30 may be changed, the aggressive-
ness of the cleaning chemicals or mechanical cleaning
devices may be adjusted, the speed at which vehicle 30
traverses surfaces 26, 28 may be adjusted. In response to such
adjustment signals from PED 464, controller 42 may utilize
signals from cameras 32 to adjust the steering of vehicle 30.

FIG. 5 schematically illustrates pool cleaning system 520,
another example implementation of pool cleaning system 20.
Pool cleaning system 520 is similar to pool cleaning system
420 except that pool cleaning system 520 additionally com-
prises a remote server 554. Those remaining components of
pool cleaning system 520 which correspond to components of
pool cleaning system 420 are numbered similarly.

Remote server 554 is similar to remote server 254
described above with respect to system 220. Remote server
554 comprises a server remote from dry station 246 which is
in communication with dry station 246 across network 260.
Remote server 254 includes controller 42. During operation,
signals from cameras 32 are transmitted across dry station
246 across network 260 to controller 42 of remote server 254.
Based upon such signals from cameras 32, controller 42
generates control signals which are transmitted back across
network 260 and through dry station 246 to vehicle 30 to steer
vehicle 30. Controller 42 further relays either the raw signals
from camera 32 or image signals generated based upon sig-
nals from cameras 32 to PED 464, wherein such images
(described above) are presented on display 468. As noted
above, PED may further receive commands through input
466, wherein such commands are transmitted to controller 42
which generates control signals that are ultimately transmit-
ted to vehicle 30 for steering vehicle 30.

As with remote server 254, remote server 554 and network
260 may be shared as part of other pool cleaning systems 320
(shown in FIG. 3), wherein controller 42 generates control
signals for steering the pool cleaning vehicle 30 of system 320
based upon signals from cameras 32 transmitted across dry
station 246 of system 320. In such implementations, control-
ler 42 of remote server 554 may interact with other PEDs 464.
In such an implementation, the cost and complexity of pool
cleaning system 220 is reduced since controller 42 is
remotely provided at remote server 254 which services mul-
tiple pool cleaning systems 220, 320. Upgrades to controller
42 and its software are also more easily achieved for all pool
cleaning systems to 20, 320 and their pools 22, 222 being
serviced. In one implementation, the supervised cleaning,
inspection and possible re-cleaning facilitated by the use of
cameras 32 may be provided as part of a subscription to users
of vehicle 30. In such an implementation, a pool 22 having
security cameras 32 may be upgraded with appropriate soft-
ware or an appropriate software module added to dry station
246 to make a network connection with controller 42 which
directs the security cameras 32 to capture vehicle 3020 uti-
lizes such signals for steering vehicle 30. As indicated by
broken lines, in other implementations, the controller 42 for
generating control signals steering vehicle 30 based upon
signals from cameras 32 may alternatively be relocated in
PED 464.

FIG. 6 is a flow diagram illustrating an example method
600 that may be carried out by any of systems 120-520. As
indicated by step 602, cameras 32 capture images of pool
cleaning by vehicle 30. As indicated by step 604, controller 42
obtain such signals from cameras 32 for the surfaces of pool
22 that have been cleaned. As indicated by step 606, control-
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ler 42 uses information gathered from the signals from cam-
eras 32 to identify those portions of surfaces 26, 28 not
satisfactorily cleaned—not satisfying a predefined cleanli-
ness characteristic or measurement threshold. One example
of a cleanliness characteristic measurement a threshold may
be how well the color of a surface matches a predetermined
desirable color for the pool surface (such as original color of
the tile or surface). A surface that has been missed entirely by
vehicle 30 during a pool cleaning session may be automati-
cally deemed to not satisfy a predetermined cleanliness char-
acteristic.

As indicated by step 608, based upon such determinations,
controller 42 generates control signals resulting in the pre-
sentation of a graphical depiction of those portions of pool 22
that has not been satisfactorily cleaned. Such graphical rep-
resentations or depictions may be presented on display 50 or
display 468. FIGS. 7 and 8 illustrate examples of graphical
depictions that may be presented.

FIG. 7 illustrates display 468 presenting graphical depic-
tion 620. Graphical depiction 620 comprises a first graphic
622 having a first portion 624 representing sides or walls 28 of
pool 22 and a second portion 626 representing the floor 26 of
pool 22. Graphical depiction 620 further comprises a moving
icon 628 representing the current positioning of vehicle 30. In
one implementation, the path of vehicle 30 may additionally
be depicted by icon 628 shown in broken lines. As shown by
FIG. 7, those portions 632 of surfaces 26, 28 of pool 22
(shown in FIG. 1) over which of vehicle 30 has moved are
identified by graphical depiction 620 either by color, mark-
ings or other various distinctive attributes. Likewise, those
portions 634 of surfaces 26, 28 of pool 22 that have not been
covered by vehicle 30 are identified by a distinct color col
marking or distinctive attribute of depiction 620. As a result,
a person may view the current position of vehicle 30, the
extent to which pool 22 has been cleaned or covered by
vehicle 30 and the extent of pool 22 that remains to be
cleaned. In the example illustrated, depiction 620 further
identifies those portions 638 of surfaces 26, 28 that have been
cleaned, but which have not been cleaned to a satisfactory
degree or extent. In one implementation, portions 638 may be
identified by colors, brightnesses, markings or other visually
distinctive attributes that are visually distinct from both por-
tions 632 and portions 634. In other implementations, por-
tions 638 may have the same characteristic of portions 634. In
yet other implementations, different portions 638 may have
different visual attributes depending upon a degree to which
such clean portions have failed to satisfy the predefined clean-
liness characteristic threshold. In some implementations, dif-
ferent port 638 may have different visual attributes depending
upon different cleaning strategies that may be recommended
for the different portions 638. For example, controller 42 may
determine and recommend a first cleaning strategy (a first
chemical solution jetted at a first rate and scrubbed at a first
rate) with respect to a first portion 638 and may recommend a
second different cleaning strategy (a second chemical solu-
tion jetted at a second rate is about a second rate) with respect
to a second portion 638, wherein the different cleaning strat-
egies are represented by different visual attributes presented
in depiction 620.

FIG. 8 illustrates display 468 presenting a graphical depic-
tion 720. Graphical depiction 720 comprises a first graphic
622 having a first portion 624 representing sides or walls 28 of
pool 22 and a second portion 626 representing the floor 26 of
pool 22 (shown in FIG. 1). Graphical depiction 720 is similar
to graphical depiction 620 except that graphical depiction 720
omits icon 628 presenting vehicle 30. Like depiction 620,
depiction 720 graphically depicts those portions 632 of sur-
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faces 26, 28 over which vehicle 30 has traveled while in a
cleaning mode. Depiction 720 also visually depicts those
portions 634 that have not been covered by vehicle 30 in the
cleaning mode and those portions 638 over which vehicle 30
has traveled while in the cleaning mode, but which have not
been cleaned to a satisfactory degree. As illustrated in FIG. 8,
different portions 638 may be visibly distinguished from one
another through color, text or markings indicating either dif-
ferences in the cleanliness of such portions 638 or indicating
different recommended cleaning strategies or approaches that
may be selected by a person using input 466 when vehicle 30
is steered back to such portions 638 for re-cleaning using
signals from camera 32.

As indicated by step 610 of FIG. 6, controller 42 generates
control signals steering vehicle 30 to re-clean portions of pool
22, such as portions 638. Such steering may be facilitated by
using signals from cameras 32. As noted above, in some
implementations, a person may be allowed choose a cleaning
approach for a particular portion 638 using input 466. The
selection may be facilitated by visual inspection of the differ-
ent visual attributes for the particular portion 638 provided by
depiction 720 (or depiction 620). In some implementations,
input 466 may additionally be utilized by a person to priori-
tize an order in which portions 638 are re-cleaned.

FIG. 9 illustrates pool cleaning system 820, an example
implementation of pool cleaning system 20. Pool cleaning
system 820 is similar to pool cleaning system 520 except the
pool cleaning system 820 located controller 42 in dry station
246 and includes pool cleaning vehicle 830, a specific
example of vehicle 30. As shown by FIG. 9, in addition to
transmitting control signals generated by controller 42 to
vehicle 830, dry station 246 further transmits power from
power source 831 through a power line or power cable 833 to
vehicle 830. In the example illustrated, data communication
and communication of control signals, also occurs across
wired connections within or alongside the same line 833. In
the example illustrated, remote server 554 serves as a com-
munication link by which upgrades to controller 42 may be
implemented across a wide number of pool cleaning systems
and by which information from controller 42 is conveyed to
one or more portable electronic devices 464 across network
260.

Vehicle 830 comprises a robotic or automated pool clean-
ing device. Vehicle 830 comprises a self-contained onboard
filtration system with drive and pump motors. Vehicle 830
utilizes an internal microprocessor guided drive motor to
systematically clean surfaces of pool 22. As shown by FIGS.
9 and 10, vehicle 830 utilizes a toothed track drive 900 pro-
vide traction and propulsion for vehicle 30. Vehicle 830 com-
prises rotating brushes 902 to loosen waterline buildup and
breakdown large debris while power washing jets 904 flush
out dirt from pores, seems in corners where brushes 902 may
not be able to reach. The loosened dirt and debris is vacuumed
through off-center vacuum ports 906 which passes the vacu-
umed debris through internally house filter bag. In the
example illustrated, vehicle 830 further comprises rollers 908
which inhibit vehicle 830 from becoming impeded or stuck
on raised drains or pop-up heads. Although illustrated as
being employed with system 820, vehicle 830 may also be
utilized with any of systems 20, 120, 220, 320 and 420. In
other implementations, other robotic or automated pool
cleaning vehicles may be utilized.

Although the present disclosure has been described with
reference to example embodiments, workers skilled in the art
will recognize that changes may be made in form and detail
without departing from the spirit and scope of the claimed
subject matter. For example, although different example

Page 92



Case 3:25-cv-01946-GPC-JLB Document 1-5

Filed 07/31/25 PagelD.145

of 120

US 9,388,595 B2

9

embodiments may have been described as including one or
more features providing one or more benefits, it is contem-
plated that the described features may be interchanged with
one another or alternatively be combined with one another in
the described example embodiments or in other alternative
embodiments. Because the technology of the present disclo-
sure is relatively complex, not all changes in the technology
are foreseeable. The present disclosure described with refer-
ence to the example embodiments and set forth in the follow-
ing claims is manifestly intended to be as broad as possible.
For example, unless specifically otherwise noted, the claims
reciting a single particular element also encompass a plurality
of such particular elements.

What is claimed is:

1. A pool cleaning system comprising:

apowered robotic surface cleaning vehicle to travel on and
clean adjacent water containing surfaces of a pool while
submerged within the pool;

a camera configured to capture movement of the vehicle
while the vehicle is submerged within the pool;

a controller in electronic communication with the camera
to generate control signals to steer the vehicle based on
the signals from the camera; and

sensors, in electronic communication with the controller
and carried by the vehicle, to sense the water containing
surfaces of the pool after the water containing surfaces
of the pool have been cleaned by the vehicle during a
pass of the vehicle under control of a pool coverage
algorithm, wherein the control signals steer the vehicle
so as to reclean the water containing surfaces having a
cleanliness characteristic that is sensed by the sensors
and fails to satisfy a predefined threshold.

2. The system of claim 1 further comprising a station
remote from the vehicle and in communication with the
vehicle, wherein the station includes the controller.

3. The system of claim 1 further comprising a station
remote from the vehicle and in communication with the
vehicle, wherein the controller is located remote from the
vehicle and the station.

4. The system of claim 1, wherein the camera is mounted to
the vehicle.

5. The system of claim 1 further comprising a portable
electronic device having a display, wherein the portable elec-
tronic device is configured to present a graphic on the display,
the graphic depicting water containing surfaces of the pool
and those portions of the water containing surfaces that
remain uncleaned as a vehicle traverses the water containing
surfaces.

6. The system of claim 5, wherein the portable electronic
device depicts movement of the vehicle on the display.

7. The system of claim 1, wherein the controller generates
second control signals for steering the vehicle based on a
coverage algorithm independent of signals from the camera,
and wherein the control signals based on the captured cover-
age steer the vehicle to clean portions of the water containing
surfaces missed by the vehicle while being steered according
to the second control signals.

8. The system of claim 1, wherein the camera is mounted
remotely from the vehicle.

9. The system of claim 1 further comprising a portable
electronic device having a display and in electronic commu-
nications with the vehicle.

10. The system of claim 1, wherein the controller is located
at a server remote from the camera and the vehicle.

11. An apparatus comprising:

a non-transitory computer-readable medium comprising

code configured to cause a processor to:
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generate first control signals for moving a robotic pool
cleaning vehicle so as to clean water containing surfaces
of a pool;

obtain signals from a camera representing the water con-
taining surfaces of the pool and movement of a robotic
pool cleaning vehicle adjacent to and along the water
containing surfaces of the pool;

identify portions of the water containing surfaces of the
pool that have not been cleaned by the pool cleaning
vehicle to satisfy a predefined threshold; and

automatically generate second control signals to steer the
robotic pool cleaning vehicle to reclean the identified
portions of the water containing surfaces based upon the
signals from the camera.

12. The apparatus of claim 11, wherein the code is further
configured to present a graphical depiction of the identified
portions.

13. The apparatus of claim 12 further comprising a portable
electronic device comprising:

a processing unit;

a display to present the graphical depiction; and

the non-transitory computer readable medium.

14. A method comprising:

moving a robotic pool cleaning vehicle so as to clean water
containing surfaces of a pool;

capturing images of a pool being cleaned with a robotic
pool cleaning vehicle operating according to a steering
algorithm;

obtaining signals from a camera representing the water
containing surfaces of the pool and movement of a
robotic pool cleaning vehicle adjacent to and along the
water containing surfaces of the pool;

identifying portions of the water containing surfaces of the
pool that have not been cleaned by the pool cleaning
vehicle to satisfy a predefined threshold; and

steering the robotic pool cleaning vehicle based upon sig-
nals from the camera to reclean the identified portions.

15. The method of claim 14 further comprising presenting
a graphical depiction of the identified portions.

16. A pool cleaning system comprising:

a powered robotic pool cleaning vehicle to travel adjacent
to water containing surfaces of a pool while submerged
within the pool;

a camera configured to capture movement of the vehicle
while the vehicle is submerged within the pool and iden-
tify debris located on the water containing surfaces;

a controller in electronic communication with the camera
to generate control signals to steer the vehicle, wherein
the controller automatically steers the robotic pool
cleaning vehicle to reclean identified portions of the
water containing surfaces still having debris based on
the signals from the camera; and

a dry station remote from the pool and in communication
with the vehicle.

17. The system of claim 16, further comprising:

one or more processing units;

at least one non-transitory computer-readable medium
comprising code configured to direct the one or more
processing units to cause a portable electronic device to
display coverage of the water containing surfaces of the
pool by the vehicle.

18. The system of claim 16 further comprising sensors, in
electronic communication with the controller and carried by
the vehicle, to sense the water containing surfaces of the pool
after the water containing surfaces of the pool have been
cleaned by the vehicle during a pass of the vehicle under
control of a pool coverage algorithm, wherein the control
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signals steer the vehicle so as to reclean the water containing
surfaces having a cleanliness characteristic that is sensed by
the sensors and fails to satisfy a predefined threshold.

19. The system of claim 18, wherein the camera comprises
a pool security camera and wherein the at least one non- 5
transitory computer-readable medium causes a portable elec-
tronic device to output an alert based on signals from the
camera indicating presence of a person at pool satisfying a
predefined characteristic.

20. The system of claim 16, wherein the camera is mounted 10
remotely from the vehicle.

21. The system of claim 16, further comprising a server in
communication with the dry station across a wide area net-
work.

22. The system of claim 21, further comprising a portable 15
electronic device in communication with the server.

*® ok ok ok 3k
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POOL CLEANING APPARATUS WITH
OPTIMIZED CONTROL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a division of U.S. patent application
Ser. No. 15/572,293, filed on Feb. 13, 2018, which is a U.S.
national phase under 35 U.S.C. § 371 of International Patent
Application No. PCT/FR2016/051060, filed on May 4,
2016, which claims priority to French Patent Application
No. 1554125 filed on May 7, 2015, the entire contents of
each of which are incorporated herein by reference.

The present invention relates to the field of equipment for
swimming pools. It relates more specifically to a swimming
pool cleaning apparatus including means for optimizing
control so as to improve the cleaning of the pool.

PREAMBLE AND PRIOR ART

The invention relates to an apparatus for cleaning a
surface submerged in a liquid, such as a surface formed by
the walls of a pool, in particular of a swimming pool. It is
in particular a mobile swimming pool cleaning robot. Such
a cleaning robot carries out said cleaning by travelling over
the bottom and the walls of the swimming pool, brushing
these walls and aspirating, into a filter, the debris that is
present in the water or has been deposited on the walls.
Debris is understood to be any particles that are present
within the pool, such as fragments of leaves, micro-algae,
etc., this debris normally being deposited on the bottom of
the pool or stuck to the side walls thereof.

Most commonly, the robot is supplied with power through
an electric cable that connects the robot to an external
control and power supply unit.

Known in this field are, for example, the applicant’s
patents FR 2 925 557 and FR 2 925 551, which relate to a
submerged-surface cleaning apparatus having a removable
filter device. Such devices comprise a body, members for
driving said body over the submerged surface, and a filtra-
tion chamber which is provided within the body and com-
prises a liquid inlet, a liquid outlet, a hydraulic circuit for
liquid circulation between the inlet and the outlet, through a
filter device. In these two patents, the filter device is remov-
able in order to make it possible to empty the leaves and
other debris without having to turn over the cleaning appa-
ratus.

These apparatus have automatic programs for cleaning the
bottom of the pool and optionally the side walls of the pool.
Such a program, chosen by the user, determines cleaning of
the swimming pool over a predetermined time, for example
an hour and a half. The robot then travels through the
swimming pool and has to be removed from the water by the
user at regular intervals, when the filter is too full of particles
(leaves, microparticles etc.). In recent models, the external
control and power supply unit of the robot emits a signal
when this filter cleaning operation has to be carried out.

It has been found that, on account, inter alia, of the
geometry of the pool and of the position of the water inlets
and skimmers in the pool, particles sometimes remain after
a cleaning cycle. The same goes when the robot is held back
by its cable and cannot travel freely over the entire surface
of the swimming pool or when there is a region of the pool
that has a shape conducive to significant agglomeration of
debris (edge of diving well, for example).

Patent application EP 2607573, which is known from the
prior art, targets the limitation of electrical consumption by
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a robot for cleaning a swimming pool by modulation of the
aspiration power of the pump. The modulation is carried out
depending on dirt identified by the processing of images
captured upstream of the aspiration mouth of the robot. This
apparatus requires the implementation of expensive image
capturing means; in addition, the image processing quality is
likely to be adversely affected by variations in luminosity.

The aim of the invention is in particular to alleviate some
of these drawbacks.

The invention aims in particular to propose a swimming
pool cleaning apparatus that carries out optimized cleaning
of the swimming pool in terms of cleaning time or cleanness
of the water and the walls of the swimming pool after an
operating cycle of the robot.

SUMMARY OF THE INVENTION

According to a first aspect, the invention relates to a
swimming pool cleaning apparatus comprising:

a cleaning unit intended to be submerged in the swimming

pool,

at least one hydraulic circuit for liquid circulation
between at least one liquid inlet and at least one liquid
outlet, through a filtration device of the cleaning unit,
able to retain the debris present in the water,

a pump designed to force water to circulate between at
least one water inlet and at least one water outlet
through the filtration device,

driving and guiding means for producing the movements
of the cleaning unit,

control means for these driving and guiding means.

The cleaning apparatus comprises at least one means for
detecting debris in the hydraulic circuit of the cleaning unit.

Debris is detected in particular by the density of said
debris in the water being measured.

Density measurement is understood to mean both the
measurement of the quantity of debris in suspension in the
water, and/or the measurement of the size of this debris.

It is this debris that the cleaning apparatus is intended to
extract from the pool, by detaching this debris from the walls
or the bottom and then aspirating it and retaining it in the
filter of the cleaning unit (also known as the cleaning robot).

It will be understood that this debris density measure-
ment, for example at the inlet to the filtering hydraulic
circuit, is representative of the local dirtiness of the pool. In
this way, the control of the cleaning unit can include
commands that take into account this local dirtiness of the
pool, for example, by commanding the cleaning unit to
remain for a longer time in the regions in which the
measured debris density is high, and for less time in the
regions of the pool in which the measured debris density is
low.

In one particular embodiment, the means for measuring
the density of debris are disposed at the water inlet into the
filtering hydraulic circuit.

In this way, the measurement is carried out upstream of
the filter and is thus not skewed by the filling level thereof.

In another embodiment, the apparatus also includes
means for measuring the density of debris in the water at the
water outlet of the filtering hydraulic circuit. In this way, it
is possible to verify that the water at the outlet of the
cleaning robot has been completely purified. If this is not the
case, it is then possible either to command the cleaning unit
to remain for a longer time at the same location, or to inform
the user of the need to empty the filter.

In one particular embodiment of the means for measuring
the density of debris, the latter include an optical sensor.
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Advantageously, the means for measuring the density of
debris include a turbidity sensor. A turbidity sensor is
understood to be an apparatus which measures the solid
particles in suspension in the water by measuring the quan-
tity of light transmitted through the water.

In one embodiment, the turbidity sensor includes a cali-
brated light source and an optical sensor. Advantageously,
the light source and the optical sensor can be disposed facing
one another.

In another embodiment, which is optionally used in
conjunction with the preceding embodiment, the means for
measuring the density of debris include a camera and image
analysis means, making it possible to determine the size and
the nature of the aspirated debris.

In yet another embodiment, which is optionally used in
conjunction with one of the two preceding embodiments, the
means for measuring the density of debris include means for
measuring the local resistivity of the water.

In another embodiment, the measurement means include
a turbidimeter, of the type used in particular in dishwashers.
In this way, the equipment is inexpensive to produce and
makes use of a tried and tested material.

In one particular embodiment, the swimming pool clean-
ing apparatus also includes means for modifying the clean-
ing strategy of the cleaning unit in response to the detection
of debris.

In this case, in various embodiments that are optionally
used in conjunction, the means for modifying the cleaning
strategy comprise:

means for controlling the movements of the cleaning unit

within the pool in response to the detection of debris,
means for modifying the power of the pump in response
to the detection of debris,

means for transmitting information to a remote user in

response to the detection of debris,

means for transmitting the results of the detection of

debris in the water to an external unit for controlling the
apparatus.

According to a second aspect, the invention relates to a
method for controlling a swimming pool cleaning apparatus
as described above, this method including the following
steps in a cyclical manner:

data relating to the density of debris in the water at the

inlet to the hydraulic circuit are obtained,

these data are compared with a predetermined threshold,

the cleaning strategy of the cleaning unit is modified if

and as long as the estimated density of debris becomes
greater than a maximum value chosen beforehand.

In one embodiment, the modification in the cleaning
strategy includes at least one of the following operations:

the movements of the cleaning unit within the pool are

controlled in response to the detection of debris, in
order to move the cleaning unit around in the vicinity
of its current location in the swimming pool.

In this way, the cleaning unit will, for example, spend
more time in the regions where the density of debris is
greater than a predetermined threshold, or will increase its
aspiration power in this region.

In one particular embodiment, which is optionally used in
conjunction with the preceding embodiment, the method
includes the following steps in a cyclical manner

data relating to the density of debris in the water at the

inlet to the filtering hydraulic circuit are obtained.

the dirt density data are compared with at least one second

predetermined threshold,

the commands for moving the cleaning unit are modified

if and as long as the estimated density of debris
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becomes less than a minimum value chosen before-
hand, in order to move the cleaning unit away from its
current location in the swimming pool.

In this way, the cleaning unit will spend less time in the
regions where the density of debris is less than a predeter-
mined threshold.

In one particular embodiment, the method also includes
an initial step in which the cleaning unit travels rapidly
through the swimming pool while acquiring density mea-
surements, and at least one threshold is determined depend-
ing on the values measured during the rapid travel through
the pool.

In this way, the method includes a phase of learning the
normal level of debris in the pool during cleaning, and can
adapt its top and bottom values depending on the average
dirtiness measured. Specifically, a pool is usually much
dirtier at the end of winter than during the normal season of
use. The cleaning cycle can then take this situation into
account.

All of the embodiments mentioned above can of course be
combined in any technically feasible manner.

The invention also relates to a kit for modifying an
assembly comprising a cleaning apparatus as described, and
a control unit, said kit comprising an apparatus for detecting
debris in the water, said apparatus being designed to be
installed within the cleaning apparatus.

It optionally includes a program for controlling the appa-
ratus, designed to be installed in the control unit and to
implement a control method.

It is then possible to modify an existing piece of equip-
ment so as to give it a control mode designed to emphasize
cleaning in the dirtiest regions, and by contrast to spend less
time in the cleanest regions. The installation of a sensor for
measuring the density of debris in the filtering hydraulic
circuit of the cleaning unit should be carried out by a
professional, as should the updating of the control software
within the control unit.

The invention also relates to a cleaning apparatus as
described, including means for transmitting the results of the
detection of debris in the water to an external unit for
controlling the apparatus.

According to another aspect, the invention then relates
more particularly to a cleaning set including a cleaning
apparatus as described above and an external unit for
controlling the apparatus, said cleaning set including means
for transmitting the results of the detection of debris in the
water to a control system for controlling the items of
equipment of the swimming pool, and means for modifying
the control thereof depending on the results of the detection
of debris in the water.

PRESENTATION OF THE FIGURES

The features and advantages of the invention will be
better appreciated by virtue of the following description,
which describes the features of the invention by way of a
nonlimiting example of application.

The description is based on the appended figures, in
which:

FIG. 1 illustrates a perspective view of a swimming pool
apparatus implementing a filtration system as described,

FIG. 2 illustrates a sectional side view of the same
apparatus,

FIG. 3 illustrates a flowchart of the method for controlling
the cleaning unit.
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DETAILED DESCRIPTION OF ONE
EMBODIMENT OF THE INVENTION

The invention finds its application in a swimming pool
technical environment, for example a family-type swimming
pool set into the ground.

A submerged-surface cleaning apparatus is shown,
according to an embodiment that is given in this case by way
of nonlimiting example, in FIGS. 1 and 2. It includes a
cleaning unit, referred to as swimming pool cleaning robot
below, and a power supply and control unit for said swim-
ming pool cleaning robot, said unit being situated outside the
pool.

The swimming pool cleaning robot 100 comprises a body
and a driving and guiding device comprising members 102
for driving and guiding the body over a submerged surface.
In the present nonlimiting example, these driving and guid-
ing means 102 are formed by wheels or caterpillar tracks
disposed laterally on the body (see FIG. 1).

The swimming pool cleaning robot 100 also comprises a
motor that drives said driving and guiding members 102,
said motor being supplied with power via a cable. In one
variant, the wheels or caterpillar tracks 102 are controllable
independently of one another so as to be able to freely orient
the cleaning robot on the walls of the swimming pool, in
forward-running or reverse-running mode.

The swimming pool cleaning robot 100 has a hydraulic
circuit including at least one liquid inlet 103 and a liquid
outlet 104. The liquid inlet 103 is, in the present nonlimiting
example, situated at the base of the body (in other words
under the latter, when the swimming pool cleaning robot is
placed in its normal operating position at the bottom of the
swimming pool), that is to say immediately next to a
submerged surface over which the apparatus 100 moves in
order to be able to aspirate the debris accumulated on said
submerged surface. The liquid outlet 104 is situated on the
top of the swimming pool cleaning robot 100. In the present
exemplary embodiment, the liquid outlet 104 is made in a
direction substantially perpendicular to the guiding plane,
that is to say vertically if the cleaning apparatus is resting on
the bottom of the swimming pool.

The hydraulic circuit connects the liquid inlet 103 to the
liquid outlet 104. The hydraulic circuit is designed to be able
to allow the liquid to circulate from the liquid inlet 103
towards the liquid outlet 104. To this end, the apparatus
comprises a pump comprising a motor 119 and an axial flow
impeller 123 (see FIG. 2), said motor 119 driving the axial
flow impeller 123 in rotation, said axial flow impeller 123
being disposed in the hydraulic circuit.

In the present exemplary embodiment, the axial flow
impeller 123 is disposed downstream of the filter—that is to
say just upstream of the liquid outlet 104.

The electric motor 119 drives the axial flow impeller 123
of the circulation pump and, optionally, the driving and
guiding device.

The swimming pool cleaning robot 100 comprises a
filtration chamber 108 that is interposed, in the hydraulic
circuit, between the liquid inlet 103 and the liquid outlet 104.

In the present exemplary embodiment, illustrated in par-
ticular in FIG. 1, the filtration chamber 108 comprises a
filtration basket 117 and a cover 122 forming the upper wall
of the filtration chamber 108.

The filtration basket 117 forms the bottom and the exter-
nal and internal peripheral walls of the filtration chamber
108.

The bottom and the external and internal peripheral walls
of the filtration chamber 108 comprise at least one filtering
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wall 109, the liquid contained in the filtration chamber 108
being evacuated towards the liquid outlet 104 through said
central filtering wall 109.

A pipe 110, situated between the liquid inlet 103 into the
hydraulic circuit and the liquid inlet 115 into the filtration
chamber 108, carries the water loaded with debris into the
upper part of the filtration basket 117.

In other exemplary embodiments, the pipe can be very
short or even non-existent. In this case, the liquid inlet 103
of the hydraulic circuit is coincident with the liquid inlet 115
of the filtration chamber 108.

The swimming pool cleaning robot 100 is supplied with
power and with operating commands by means of a flexible
cable. In the present example, this flexible cable is attached
to the body of the swimming pool cleaning robot 100 in its
upper part. This flexible cable is connected, at its other end,
to the power supply and control unit (not illustrated in FIG.
1) disposed outside the pool, this power supply and control
unit being itself connected to the electrical mains supply.

The cleaning robot may also emit data to and receive data
from the power supply and control unit. In the present
example, the cleaning robot includes in particular means for
detecting whether the fouling of the filter has exceeded a
predetermined threshold, and for transmitting the data to the
power supply and control unit in order to emit an alert to a
user. In one exemplary embodiment, the swimming pool
cleaning robot 100 includes a processor that is able to
execute a predetermined algorithm that generates commands
for moving the robot and for operating the filtration circuit.

This power supply and control unit also includes a control
interface so that a user of the cleaning robot can choose, for
example, a type of cleaning cycle, or can interrupt the
operation of the robot.

In a variant embodiment, the power supply and control
unit includes a processor that is able to execute a predeter-
mined algorithm that generates commands for moving the
swimming pool cleaning robot 100 and for operating the
filtration circuit.

In this case, the swimming pool cleaning robot 100
includes at least one device 130a, 1305 for detecting debris
in the water (known as turbidimeter in the rest of the
description). In the present exemplary embodiment, a tur-
bidimeter 130 is disposed inside the hydraulic circuit, down-
stream of the water inlet 103 in position 130a or in the
conduit 110 at position 1305.

In other embodiments, a plurality of turbidimeters are
present, for example in the two locations 130a, 1305
described above.

It is for example an optical sensor, associated with a
computing means that detects variations in the opacity of the
water. Such a device is then optionally associated with a
calibrated light source. It is also possible, alternatively, to
use a device based on resistivity measurements, or any other
device known to a person skilled in the art that is designed
to provide a measurement of the density of debris floating in
the water at the inlet of the hydraulic circuit.

The turbidimeter can also be installed on the external
surface of the robot body, or within a second water pipe that
does not include a filter.

The turbidimeter sends measurement data continuously or
at regular intervals (for example every few seconds) to the
means for controlling the pumping, driving and guiding
means.

Mode of Operation

As can be seen in FIG. 3, which illustrates, in a nonlim-
iting manner, a flowchart of a method for controlling the
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cleaning apparatus as described above, such a method
includes for example the following steps:

310. Data relating to the density of debris in the water at
the inlet to the hydraulic circuit are obtained,

320. These data are compared with at least one predeter-
mined threshold,

330. The commands for moving the cleaning unit are
modified if and as long as the estimated density of
debris is greater than a maximum value chosen before-
hand, in order to move the cleaning unit around in the
vicinity of its current location in the swimming pool,

340. The commands for moving the cleaning unit are
modified if and as long as the estimated density of
debris is less than a minimum value chosen beforehand,
in order to move the cleaning unit away from its current
location in the swimming pool,

350. The previous control mode is maintained if and as
long as the estimated density of debris is between the
minimum and maximum values.

The commanded movements of the cleaning unit about its
current position can consist of circles or of a spiral about this
position, or even of movements of a fractal nature.

Similarly, the movement away can consist of a straight-
line movement for a predetermined time, for example a few
seconds, this corresponding to a distance of a few metres,
typically six seconds corresponding to a movement away of
around one metre.

In the absence of data received from the turbidimeter or
of data departing from a predetermined range of values, the
control method no longer takes into account the turbidimeter
data, and returns to the usual control mode for a cleaning
unit, such a control method being known to a person skilled
in the art and departing as such from the scope of the present
invention.

Variants

In another variant, the turbidimeter is installed a posteriori
on a pre-existing cleaning unit, in the form of an upgrade kit.
In this variant, the logic operation executed by the power
supply and control unit is also modified to take into account
the control modifications to be commanded according to the
data received from the turbidimeter.

If'a detection of particles at the outlet of the water circuit
is observed, it is possible to send a message to the control
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unit, which can inform the user of an adaptation to the
operation of the water filtration and treatment system.

If the control box of the robot can exchange data with the
water filtration and treatment control boxes, the adjustment
can be made automatically.

The invention claimed is:

1. Method for controlling a swimming pool cleaning
apparatus wherein the method includes the following steps
in a cyclical manner:

obtaining data relating to a density of debris in water in a

vicinity of a hydraulic circuit and estimating density of
debris,

comparing the estimated density of debris with at least

one predetermined threshold, and

modifying a cleaning strategy of the swimming pool

cleaning apparatus if and as long as the estimated
density of debris is greater than the at least one prede-
termined threshold.

2. Controlling method according to claim 1, wherein
modifying the cleaning strategy includes at least one of the
following operations:

controlling movements of the swimming pool cleaning

apparatus within the swimming pool in response to a
detection of debris, in order to move the swimming
pool cleaning apparatus around in a vicinity of its
current location in the swimming pool.

3. Controlling method according to claim 1, wherein the
method includes the following steps in a cyclical manner:
obtaining inlet data relating to the density of debris in the

water at an inlet to the hydraulic circuit and estimating
inlet density of debris,

comparing the estimated density of debris with at least

one second predetermined threshold, and

modifying commands for moving the cleaning unit if and

as long as the estimated inlet density of debris is less
than the at least one second predetermined threshold, in
order to move the cleaning unit away from its current
location in the swimming pool.

4. Controlling method according to claim 1, wherein the
method also includes an initial step in which the cleaning
unit travels rapidly through the swimming pool while
acquiring density measurements, and the at least one pre-
determined threshold is determined depending on the den-
sity measurement values measured during the rapid travel
through the pool.
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MAPPING AND TRACKING METHODS AND
SYSTEMS PRINCIPALLY FOR USE IN
CONNECTION WITH SWIMMING POOLS
AND SPAS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of and priority to U.S. 0

Provisional Patent Application Ser. No. 62/719,867, filed
Aug. 20, 2018, and having the same title as appears above
(the “Provisional Application”), the entire contents of which
Provisional Application are hereby incorporated herein by
this reference.

FIELD OF THE INVENTION

This invention relates to mapping and tracking systems
and more particularly, although not necessarily exclusively,
to systems for mapping characteristics of water-containing
vessels such as swimming pools or spas and tracking posi-
tions of moveable equipment, such as an automatic pool
cleaner (“APC”), within the vessels.

BACKGROUND OF THE INVENTION

European Patent Application No. 1122382 of Clementi
(the “Clementi Application”), whose entire contents are
incorporated herein by this reference, illustrates an APC
capable of moving over to-be-cleaned surfaces of a swim-
ming pool. Connected to the APC via a cable is a shuttle
incorporating a battery, a microcontroller, and a signal
transmitter and receiver. The shuttle, described in the Clem-
enti Application as “a sort of floating ‘island,”” floats on the
surface of water within a swimming pool and is towed by the
APC as the latter moves within the pool.

Absent from the shuttle of the Clementi Application is any
capability of tracking location of the mobile APC within the
pool. Similarly absent from the shuttle is any ability to track
its own position within a pool or to determine any charac-
teristics of the pool itself. Because all of this information is
valuable in the context of efficiently and effectively cleaning
vessels such as swimming pools and spas, it would be
advantageous to develop methods and systems for obtaining
some or all of it.

SUMMARY OF THE INVENTION

The present invention provides such methods and sys-
tems. In a general sense, the invention facilitates more
efficient and cost-effective cleaning of swimming pools by
mapping a pool environment in three dimensions, perform-
ing path planning for an APC, and assisting in navigating the
APC along the planned paths. The APC may have an
on-board power source for effecting autonomous movement
within a pool as well as a pump to draw debris-laden pool
water through a filter for cleaning, although components
such as these alternatively may be located remote from the
APC.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary floating object configured
to facilitate mapping and tracking in connection with the
present invention.
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FIG. 2 schematically illustrates exemplary information
which may be gleaned by a ranging sensor floating within a
swimming pool.

FIG. 3 illustrates an exemplary camera that may be used
in connection with the floating object of FIG. 1.

FIG. 4 schematically illustrates exemplary positions of an
APC relative to the camera of FIG. 3.

FIG. 5 diagrammatically illustrates development of a
three-dimension estimate of a position of an APC relative to
the floating object of FIG. 1.

DETAILED DESCRIPTION

Tethered to the APC 10 (see, e.g., FIGS. 4-5) may be a
floating object 14 configured to facilitate mapping and
tracking. Advantageously, the tether may be or include a
cable configured to convey electronic data between the APC
10 and the floating object 14. The cable additionally may, in
some cases, convey electrical power to the APC 10 as well,
as advantageously the floating object 14 includes an on-
board battery or other source of power both for it and for the
APC 10. One presently-preferred tether is a cable approxi-
mately 2.4 m in length, although persons skilled in the art
will recognize that shorter or longer cables may be used
instead. As the APC 10 moves within the pool, it tows the
floating object along the water surface.

In some versions of the invention, the floating object 14
may include apparatus for light detection and ranging (“LI-
DAR”). As known to persons skilled in the relevant art,
LIDAR constitutes methods of measuring distance to a
target by illuminating the target with pulsed laser light and
sensing the reflected pulses with a sensor. Presently pre-
ferred is that the LIDAR apparatus have a rotating time of
flight (“ToF”) ranging sensor projecting above the waterline
of the pool (so as to send laser light through air, rather than
water) that generally continuously collects data as it scans
the walls forming the perimeter of a pool at and above the
waterline. An exemplary such sensor rotates at approxi-
mately 5 Hz and collects approximately 500-1000 samples
of ranging and angular data per cycle. The LIDAR apparatus
thus may develop an accurate mapping of the pool perimeter
as well as of its position within the perimeter of the pool.

FIG. 2 schematically illustrates exemplary distance and
angle information which may be gleaned by rotating through
360° a ToF ranging sensor floating within a pool. Because
rotation of the sensor through one revolution is materially
faster than an APC 10 typically travels within a pool, linear
movement of the tethered APC 10 either may be ignored or
accounted for when obtaining distance and angle informa-
tion for a particular cycle. In some versions of the invention,
conventional techniques of simultaneous localization and
mapping (“SLAM”) may be employed in processing data
obtained by the ToF ranging sensor of the LIDAR apparatus.

The floating object 14 additionally may include a camera
18 (see FIG. 3) configured to record images of the APC 10
to which the object 14 is tethered. Advantageously, the
camera 18 may have a “fish-eye” type of lens whose fields
of view (“FOV”) both horizontally and vertically are 180°
(or approximately so). Similarly advantageously, the camera
18 is integrated into or attached to the floating object 14
facing downward into the water of the pool. The camera 18
is configured to record the underwater scene with the APC
10 constantly in view, which is possible due to the relatively
short length of the cable. Conventional techniques of visual
simultaneous localization and mapping (“VSLAM”) may be
utilized to process its image data.
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In particular, the APC 10 may include any suitable marker
(e.g., a red dot) on its body that the camera 18 may track
continuously in its video frame. Preferably the marker is
located on a top, central portion of the body, although it may
be located elsewhere instead. The position of the marker as
tracked through the camera 18 (by associated hardware or
software, or both) may provide information as to the heading
and pitch of the APC 10 relative to the LIDAR apparatus,
samples of which are schematically depicted in FIG. 4.
Collectively, the LIDAR apparatus and camera 18 supply
information sufficient to determine various dimensions and
contours of the pool in which the object 14 is floating as well
as certain information respecting locations of the APC 10 (in
“x” and “y” coordinates) and the floating object 14 itself.

In some embodiments of the invention, the APC 10
includes a depth sensor configured to supply additional
information (a “z” coordinate) as to its position within a
pool. By utilizing depth information together with informa-
tion as to marker heading and pitch angle, a three-dimen-
sional estimate of the APC’s position relative to the LIDAR
apparatus may be obtained (see FIG. 5). And because the
position of the LIDAR apparatus within the pool relative to
the pool walls is known via the ToF ranging sensor, an
accurate determination of the location of the APC 10 within
the pool may be made.

Yet additionally, the APC 10 may include an inertial
measurement unit or other device configured to provide
information as to how the APC 10 is tilted. Considered
altogether, therefore, information gathered by the floating
object 14 may supply accurate estimates of position and
orientation of the APC 10 excluding its azimuth direction.
Although the absolute direction the APC 10 is facing is not
necessarily known if the APC 10 is stationary, such direction
becomes apparent as soon as the APC 10 moves forward or
backward from a particular position. Alternatively, azimuth
direction could be set by use of a second marker located on
the APC 10 at a distance from the other marker. Accordingly,
at this point all relevant absolute position and orientation
estimates may be obtained for the APC 10 relative to the
pool, allowing precise pool mapping, path planning, and
navigation. Any or all of this information, further, may be
recorded and displayed in any suitable manner for evalua-
tion by a pool user, pool equipment technician or manufac-
turer, or otherwise.

Moreover, the floating object 14 may perform some or all
of the functions attributed to the shuttle of the Clementi
Application. It thus may, if desired, include any or all of at
least one battery, controller (including processing capabili-
ties), and signal transmitter and receiver. The floating object
14 further could include components such as solar panels for
charging the battery, for example.

Exemplary concepts or combinations of features of the
invention may include:

A. Amethod of mapping a pool using a device floating on

water within the swimming pool.

B. A method of mapping a swimming pool using a LIDAR
apparatus.

C. A method of cleaning a swimming pool comprising (i)
obtaining information from a sensor of a LIDAR appa-
ratus and a camera positioned within the pool, (ii)
processing the obtained information, and (iii) convey-
ing navigation information via a cable to an APC
travelling along a surface of the pool.

D. A cleaning system comprising: (i) a floating object
comprising a LIDAR apparatus, (ii) an APC, and (iii) a
cable connecting the LIDAR apparatus and the APC
both mechanically and electronically.
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These examples are not intended to be mutually exclusive,
exhaustive, or restrictive in any way, and the invention is not
limited to these exemplary embodiments but rather encom-
passes all possible modifications and variations within the
scope of any claims ultimately drafted and issued in con-
nection with the invention (and their equivalents). For
avoidance of doubt, any combination of features not physi-
cally impossible or expressly identified as non-combinable
herein may be within the scope of the invention.

Included in connection with the figures of the Provisional
Application was at least the following text:

FIG. 1: Floating battery pack

LIDAR

Battery

Camera

FIG. 2: Basic SLAM (simultaneous localization and map-
ping) is continuously performed to establish the position and
rotation of the floating LIDAR at any time. The rotational
reference of the LIDAR is known relative to the first data
sample at each 360° scan. Thus if the LIDAR is rotated in
the pool, the rotation of the LIDAR base is also known
relative to its starting rotation as long as SLAM calculations
are ongoing.

FIG. 3: Camera (180° FOV)

Attached to the floating LIDAR is a camera facing
straight down which has a fish-eye lens with a horizontal and
vertical field of view of 180°.

The camera records the underwater scene with the pool
cleaner constantly in view. This is almost guaranteed
because of its relatively short cable. There is a tracking
marker on top and more or less on the center of the cleaner
that is tracked continuously in the video frame. The position
of the marker on the screen gives us the relative heading and
pitch of the cleaner to the floating LIDAR.

FIG. 4: Image showing various cleaner positions relative
to the camera providing heading and pitch relative to the
screen center.

FIG. 5: The pool cleaner has a depth sensor. The depth
information is applied to the marker heading and pitch
angles which then gives us a 3 dimensional estimate relative
to the floating LIDAR which in turn has an absolute refer-
ence to the pool outline (real world). This gives us an
accurate estimate of where the pool cleaner is in the pool at
any given point in time. Coupled to that the cleaner also has
an IMU (inertial measurement unit) that provides tilt infor-
mation. The above mentioned solution thus provides us with
an accurate cleaner position and orientation estimation
excluding its azimuth direction. The absolute direction that
the pool cleaner is facing is not known if it is stationary but
soon becomes apparent when it moves forward or backward
from a previous position. Thus the solution finally provides
an absolute position and orientation estimate relative to the
pool. The above is sufficient for pool mapping, path planning
and navigation.

Given a certain pitch angle 8 and a depth one can
determine h as well as hd horizontal distance from the
LIDAR unit. Heading is also provided from the tracked
marker in each camera frame.

Further, although applicant has described devices and
techniques for use principally with swimming pools, persons
skilled in the relevant field will recognize that the present
invention may be employed in connection with other objects
and in other manners. Variants of the invention, moreover,
allow for use of one or more cameras on the top of the
floating object in addition to (or instead of) the LIDAR
apparatus to track fixed-location objects outside the pool as
well as aid in mapping the pool perimeter. These fixed-
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location objects could then serve as reference points for
assessing the location of the floating object.

Other variants contemplate use of a more complex range
of markers or fiducials placed on the APC and which are
visible to the camera to allow determination, through image
processing, of such things as direction and bank, pitch and
roll angles. Yet alternatively, a camera may be placed on the
APC to capture images of the floating island, to whose
bottom surface one or more markers or fiducials have been
attached, again facilitating determination of the relative
positions of the APC and floating object. Furthermore, the
camera and LIDAR apparatus may, if desired, be mounted
on a weighted gimbal for image stability by assuring a much
better vertical axis. The floating buoy may encounter some
ripples or waves which may otherwise cause errors in
accuracy of the readings taken by both the camera and the
LIDAR apparatus, hence benefitting from the weighted
gimbal mounting. Finally, references to “pools” and “swim-
ming pools” herein may also refer to spas or other water-
containing vessels used for recreation or therapy and for
which mapping or tracking is needed or desired.

What is claimed is:

1. A cleaning system comprising: (a) a floating object
comprising a LIDAR apparatus, (b) an automatic pool
cleaner, and (c) a tether connecting the LIDAR apparatus
and the automatic pool cleaner.

2. The cleaning system according to claim 1 in which the
tether comprises a cable connecting the LIDAR apparatus
and the automatic pool cleaner both mechanically and
electronically.

Patent Owner Zodiac Pool Systems LLC
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3. The cleaning system according to claim 2 in which the
floating object further comprises a camera.

4. The cleaning system according to claim 3 in which the
LIDAR apparatus comprises a rotating ranging sensor pro-
jecting above a waterline of a swimming pool when the
floating object is floating in the swimming pool.

5. The cleaning system according to claim 4 in which the
camera faces downward into the swimming pool when the
floating object is floating in the swimming pool.

6. The cleaning system according to claim 5 in which the
automatic pool cleaner comprises a marker which the cam-
era is configured to track.

7. The cleaning system according to claim 6 in which the
automatic pool cleaner further comprises a depth sensor.

8. The cleaning system according to claim 7 in which the
automatic pool cleaner further comprises a tilt sensor.

9. The cleaning system according to claim 8 in which the
floating object further comprises a battery and a controller.

10. A method of cleaning a swimming pool comprising (a)
obtaining information from a sensor of a LIDAR apparatus
and a camera positioned within the swimming pool, (b)
processing the obtained information, and (¢) conveying
navigation information via a cable to an automatic pool
cleaner travelling along a surface of the swimming pool.

11. A method of mapping a swimming pool using a device
floating on water within the swimming pool, wherein the
device comprises a LIDAR sensor.

12. A method of mapping a swimming pool using a
LIDAR apparatus.
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Exemplary Infringement Claim Chart of U.S. Patent No. 11,800,207 by Beatbot Aquasense 2 Ultra

U.S. Patent No. 11,880,207

Beatbot Aquasense 2 UltraCordless Robotic Pool Cleaner

1. A self-propelled pool
cleaning system for cleaning
debris from a submerged
surface of a swimming pool,
comprising:

https://beatbot.com/products/aquasense-2-ultra.

“HybridSense Al Vision detects missed debris on the floor and tackles high platforms — delivering
precision cleaning and full coverage for even complex multi-level pools.”

https://beatbot.com/products/aquasense-2-ultra.

KILPATRICK TOWNSEND 79722807 1
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a. a vehicle body;

a vehicle body:

https://beatbot.com/products/aquasense-2-ultra.

Exhibit J, p. 2
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b. means for moving the
vehicle body within the
swimming pool;

vehicle body within
the swimming pool

means for moving the

https://beatbot.com/products/aquasense-2-ultra.

c. a filter configured to retain
debris collected from the
submerged surface;

What size and types of debris can the AquaSense 2 Ultra clean?

AquaSense 2 Ultra comes with a two-layer filter (150pum+250pm) that can effectively capture debris of all sizes, including leaves, hair, sand, insects, and more. It can filter

particles as small as 150 micrometers (um)

https://beatbot.com/products/aquasense-2-ultra.
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d. at least one camera for
capturing an image of at least a
first object within the
swimming pool; and

https://beatbot.com/products/aquasense-2-ultra.

“Combining an industry-first blend of Al camera....” https://beatbot.com/products/aquasense-2-

PagelD.171 Page

ultra.

“HybridSense Al Vision detects missed debris on the floor and tackles high platforms — delivering
precision cleaning and full coverage for even complex multi-level pools.”

https://beatbot.com/products/aquasense-2-ultra.
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e. a controller (i) in electronic
communication with the at
least one camera and (ii)
configured to generate, in
response to the captured image,
at least one control signal to
cause movement of the body
within the swimming pool to,
or away from, the first object.

https://beatbot.com/products/aquasense-2-ultra.

https://beatbot.com/products/aquasense-2-ultra.

“HybridSense Al Vision detects missed debris on the floor and tackles high platforms — delivering
precision cleaning and full coverage for even complex multi-level pools. It currently recognizes
various leaf types, with more debris types coming soon through OTA updates for even smarter,
more effective cleaning.” https://beatbot.com/products/aquasense-2-ultra.
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