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POOL CLEANING SYSTEM AND METHOD

BACKGROUND

[0001] Manually cleaning the floor and sides of a swim-
ming pool may be a tedious and time-consuming task. As a
result, automated 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

[0002] FIG.11is aschematic illustration of an example pool
cleaning system.

[0003] FIG. 2 is a schematic illustration of an implementa-
tion of the pool cleaning system of FIG. 1.

[0004] FIG. 2 is a schematic illustration of an implementa-
tion of the pool cleaning system of FIG. 1.

[0005] FIG. 3 is a schematic illustration of an implementa-
tion of the pool cleaning system of FIG. 1.

[0006] FIG. 4 is a schematic illustration of an implementa-
tion of the pool cleaning system of FIG. 1.

[0007] FIG. 5 is a schematic illustration of an implementa-
tion of the pool cleaning system of FIG. 1.

[0008] FIG. 6 is a flow diagram of an example method that
may be carried out with the pool cleaning system of FIG. 2-5.
[0009] FIG.7 is a plan view of an example display with an
example graphical depiction.

[0010] FIG. 8 is a plan view of another example display
with an example graphical depiction.

[0011] FIG. 9 is a schematic illustration of an implementa-
tion of the pool cleaning system of FIG. 1 with an example
pool cleaning vehicle.

[0012] FIG.10is abottom perspective view of the example
pool cleaning vehicle of the system of FIG. 9.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

[0013] 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 satis-
factorily cleaned.

[0014] Pool cleaning system 20 comprises vehicle 30, cam-
eras 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 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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[0015] To assist in the loosening of debris, in one imple-
mentation, 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 residue or foreign matter from such pool
surfaces. In yet another implementation, vehicle 30 may addi-
tionally or alternatively include liquid jets to assist in the
loosening of debris.

[0016] 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 imple-
mentation 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.
[0017] Cameras 32 comprise devices configured to capture
video or time lapse images of pool 22. In the example illus-
trated, cameras 32 are mounted on structures external to pool
22. In other words, cameras 32 are not submerged. In other
implementations, 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.

[0018] 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.

[0019] Because pool cleaning system 20 utilizes pre-exist-
ing 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.

[0020] 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
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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 con-
trol 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.

[0021] Inoneimplementation, controller 42 communicates
with vehicle 30 and cameras 32 entirely across a wired con-
nection. In another implementation, controller 42 communi-
cates with vehicle 30 and cameras 32 across a wireless con-
nection, 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 commu-
nication connections.

[0022] Controller 42 is configured to generate control sig-
nals 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 control-
ler 42 provides the only steering instructions for vehicle 30
and utilizes signals from cameras 32, complex steering algo-
rithms or codes in either vehicle 30 or controller 42 may be
omitted to reduce complexity and cost of system 20.

[0023] Inanother 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.

[0024] FIG. 2 schematically illustrates pool cleaning sys-
tem 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.
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[0025] 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 communicates with cameras 32 and either a wired or
wireless fashion.

[0026] 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.

[0027] Another implementation, display 50 may be further
utilized 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.

[0028] FIG. 3 schematically illustrates pool cleaning sys-
tem 220, another example implementation of pool cleaning
system 20. Pool cleaning system 220 is similar to pool clean-
ing system 20 except that pool cleaning system 220 addition-
ally 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.

[0029] 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 net-
work 260. In one implementation, network 260 may comprise
alocal 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
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vehicle 30 across a wired cable or wired connection. Display
50 is described above with respect to system 120.

[0030] 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 control-
ler 42. During operation, signals from cameras 32 are trans-
mitted across dry station 246 across network 260 to controller
42 of remote server 254. Based upon such signals from cam-
eras 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.

[0031] Asshown 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.

[0032] FIG. 4 schematically illustrates pool cleaning sys-
tem 420, another particular implementation of pool cleaning
system 20. Pool cleaning system 420 is similar to pull clean-
ing system 120 except that pool cleaning system 420 addi-
tionally 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.

[0033] Portable electronic device 464 comprises a portable
handheld 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.

[0034] 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.

[0035] 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 dis-
play. In other implementations, display 468 may comprise
other types of display technology such as a light emitting
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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.

[0036] 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 dis-
play 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 pro-
vided 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 transmitted across net-
work 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 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.

[0037] FIG. 5 schematically illustrates pool cleaning sys-
tem 520, another example implementation of pool cleaning
system 20. Pool cleaning system 520 is similar to pool clean-
ing system 420 except that pool cleaning system 520 addi-
tionally comprises a remote server 554. Those remaining
components of pool cleaning system 520 which correspond to
components of pool cleaning system 420 are numbered simi-
larly.

[0038] 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.

[0039] 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 gener-
ates control signals for steering the pool cleaning vehicle 30
of system 320 based upon signals from cameras 32 transmit-
ted across dry station 246 of system 320. In such implemen-
tations, 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,
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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 subscrip-
tion to users of vehicle 30. In such an implementation, a pool
22 having security cameras 32 may be upgraded with appro-
priate software 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 utilizes such signals for steering vehicle 30. As indi-
cated by broken lines, in other implementations, the control-
ler 42 for generating control signals steering vehicle 30 based
upon signals from cameras 32 may alternatively be relocated
in PED 464.

[0040] 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, con-
troller 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 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.

[0041] As indicated by step 608, based upon such determi-
nations, 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 graphi-
cal representations or depictions may be presented on display
50 ordisplay 468. FIGS. 7 and 8 illustrate examples of graphi-
cal depictions that may be presented.

[0042] FIG. 7 illustrates display 468 presenting graphical
depiction 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 com-
prises 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 dis-
tinct 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 becleaned. Inthe 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
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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.

[0043] 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 por-
tions 632 of surfaces 26, 28 over which vehicle 30 has trav-
eled 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 mark-
ings 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.

[0044] As indicated by step 610 of FIG. 6, controller 42
generates control signals steering vehicle 30 to re-clean por-
tions 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 different visual attributes for the particular portion 638
provided by depiction 720 (or depiction 620). In some imple-
mentations, input 466 may additionally be utilized by a per-
son to prioritize an order in which portions 638 are
re-cleaned.

[0045] 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 addi-
tion 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
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and by which information from controller 42 is conveyed to
one or more portable electronic devices 464 across network
260.

[0046] Vehicle 830 comprises a robotic or automated pool
cleaning 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 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.

[0047] 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 including
one or more features providing one or more benefits, it is
contemplated 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 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 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:

a powered robotic surface cleaning vehicle to travel adja-
cent water containing surfaces of a pool while sub-
merged within the pool;

a camera adapted to be mounted external the pool to cap-
ture movement of the vehicle while submerged within
the pool; and

a controller to generate control signals steering the vehicle
based on the signals from the camera.

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 further comprising a portable
electronic device in communication with the camera, with the
portable electronic device includes a controller.

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,
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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 steering the vehicle based on a cover-
age algorithm independent of signals from the camera and
wherein the control signals based on the captured coverage
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 portable electronic
device is configured to output an alert based on signals from
the camera indicating presence of a person at pool satistying
a predefined characteristic.

9. The system of claim 1 further comprising:

a portable electronic device having a display; and

sensors carried by the vehicle, wherein the display presents

information based on characteristics of the water con-
taining surfaces of the pool sensed by the sensors.

10. The system of claim 1 further comprising a server
remote from the camera and the vehicle, the server compris-
ing the controller, wherein the controller generates control
signals for steering a plurality of vehicles across a plurality of
pools based on signals from a plurality of cameras associated
with the plurality of pools.

11. The system of claim 1 further comprising sensors car-
ried 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 sensed by the
sensors failing to satisfy a predefined threshold.

12. An apparatus comprising:

a non-transient computer-readable medium comprising

code configured to cause a processor to:

obtain signals from a camera representing water containing

surfaces of a pool and movement of a robotic pool clean-
ing 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;

present a graphical depiction of the identified portions.

13. The apparatus of claim 12, wherein the code is further
configured to direct the processing unit to generate control
signals steering the robotic pool cleaning vehicle so as to
clean the identified portions.

14. 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-transient computer readable medium.

15. A method comprising:

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 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;
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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;

presenting a graphical depiction of the identified portions.

16. The method of claim 15 further comprising steering the

robotic pool cleaning vehicle based upon signals from the
camera to reclean the identified portions.

17. 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 dry station remote from the pool and in communication
with the vehicle;

a server in communication with the dry station across a
wide area network; and

a portable electronic device in communication with the
server.
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18. The system of claim 17, further comprising:

one or more processing units;

atleast one non-transient computer-readable medium com-

prising code configured to direct the one or more pro-
cessing units to cause the portable electronic device to
display coverage of the water containing surfaces of the
pool by the vehicle.

19. The system of claim 18 further comprising a camera to
capture movement of the vehicle while the vehicle is sub-
merged within the pool.

20. The system of claim 19, wherein the camera comprises
a pool security camera and wherein the at least one non-
transient computer-readable medium causes the portable
electronic device to output an alert based on signals from the
camera indicating presence of a person at pool satisfying a
predefined characteristic.
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