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AUTONOMOUS SURFACE CLEANING ROBOT
FOR WET AND DRY CLEANING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional Application
Serial No. 60/654,838, the entire disclosure of which is herein incorporated by reference it its
entirety. This application also claims priority under 35 U.S.C. § 120 to U.S. Application Serial
No. 11/134,212, U.S. Application Serial No. 11/134,213, U.S. Application Serial No.
11/133,796, U.S. Application Serial No. 11/207,574, U.S. Application Serial No. 11/207,575,

~and U.S. Application Serial No. 11/207,620, the entire disclosures of which are herein

incorporated by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to cleaning devices, and more particularly, to an

autonomous surface cleaning robot.

DESCRIPTION OF RELATED ART
[0003] Autonomous robot floor cleaning devices having a low enough end user price to
penetrate the home floor cleaning market are known in the art. For example, and U.S. Patent No.
6,883,201 by Jones et al. entitled Autonomous Floor Cleaning Robot, the disclosure of which is
herein incorporated by reference it its entirety, discloses an autonomous robot. The robot
disclosed therein includes a chassis, a battery power subsystem, a motive drive subsystem
operative to propel the autonomous floor cleaning robot over a floor surface for cleaning
operations, a command and control subsystem operative to control the cleaning operations and
the motive subsystelp, a rotating brush assembly for sweeping up or collecting loose particulates
from the surface, a vacuum subsystem for suctioning up or collecting loose particulates on the
surface, and a removable debris receptacle for collecting the particulates and storing the loose
particulates on the robot during operation. Models similar to the device disclosed in the <201
patent are commercially marketed by IROBOT CORPORATION under the trade names
ROOMBA RED and ROOMBA DISCOVERY. These devices are operable to clean hard floor
surfaces, e.g. bare floors, as well as carpeted floors, and to freely move from one surface type to

the other unattended and without interrupting the cleaning process.
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[0004] In particular, the ‘201 patent describes a first cleaning zone configured to collect loose
particulates in a receptacle. The first cleaning zone includes a pair of counter-rotating brushes
engaging the surface to be cleaned. The counter-rotating brushes are configured with brush
bristles that move at an angular velocity with respect to floor surface as the robot is transported
over the surface in a forward transport direction. The angular movement of the brush bristles
with respect to the floor surface tends to flick loose particulates laying on the surface into the
receptacle which is arranged to receive flicked particulates.

[0005] The ‘201 patent further describes a second cleaning zone configured to collect loose
particulates in the receptacle and positioned aft of the first cleaning zone such that the second
cleaning zone performs a second cleaning of the surface as the robot is transported over the
surface in the forward direction. The second cleaning zone includes a vacuum device configured
to suction up any remaining particulates and deposit them into the receptacle.

[0006] In other examples, home use autonomous cleaning devices are disclosed in each of U.S.
Pat. No. 6,748,297, and U.S. Patent Application Publication No. 2003/0192144, both by Song et
al. and both assigned to Samsung Gwangu Electronics Co. The disclosures of the ‘297 patent and
‘144 published application are herein incorporated by reference it their entireties. In these
examples, autonomous cleaning robots are configured with similar cleaning elements that utilize
rotating brushes and a vacuum device to flick and suction up loose particulates and deposit them
in a receptacle.

[0007] While each of the above examples provide affordable autonomous floor clearing robots
for collecting loose particulates, there is heretofore no teaching of an affordable autonomous
floor cleaning robot for applying a cleaning fluid onto the floor to wet clean floors in the home.
A need exists in the art for such a device and that need is addressed by the present invention, the
various functions, features, and benefits thereof described in more detail herein.

[0008] Wet floor cleaning in the home has long been done manually using a wet mop or sponge
attached to the end of a handle. The mop or sponge is dipped into a container filled with a
cleaning fluid, to absorb an amount of the cleaning fluid in the mop or sponge, and then moved
over the surface to apply a cleaning fluid onto the surface. The cleaning fluid interacts with
contaminants on the surface and may dissolve or otherwise emulsify contaminants into the
cleaning fluid. The cleaning fluid is therefore transformed into a waste liquid that includes the
cleaning fluid and contaminants held in suspension within the cleaning fluid. Thereafter, the

sponge or mop is used to absorb the waste liquid from the surface. While clean water is
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somewhat effective for use as a cleaning fluid applied to floors, most cleaning is done with a
cleaning fluid that is a mixture of clean water and soap or detergent that reacts with contaminants
to emulsify the contaminants into the water. In addition, it is known to clean floor surfaces with
water and detergent mixed with other agents such as a solvent, a fragrance, a disinfectant, a
drying agent, abrasive particulates and the like to increase the effectiveness of the cleaning
process.

[0009] The sponge or mop may also be used as a scrubbing element for scrubbing the floor
surface, and especially in areas where contaminants are particularly difficult to remove from the
floor. The scrubbing action serves to agitate the cleaning fluid for mixing with contaminants as
well as to apply a friction force for loosening contaminants from the floor surface. Agitation
enhances the dissolving and emulsifying action of the cleaning fluid and the friction force helps
to break bonds between the surface and contaminants.

[0010] One problem with the manual floor cleaning methods of the prior art is that after
cleaning an area of the floor surface, the waste liquid must be rinsed from the mop or sponge,
and this usually done by dipping the mop or sponge back into the container filled with cleaning
fluid. The rinsing step contaminates the cleaning fluid with waste liquid and the cleaning fluid
becomes more contaminated each time the mop or sponge is rinsed. As a result, the effectiveness
of the cleaning fluid deteriorates as more of the floor surface area is cleaned.

[0011] While the traditional manual method is effective for floor cleaning, it is labor intensive
and time consuming. Moreover, its cleaning effectiveness decreases as the cleaning fluid
becomes contaminated. A need exists in the art for an improved method for wet cleaning a floor
surface to provide an affordable wet floor cleaining device for automating wet floor cleaning in
the home.

[0012] In many large buildings, such as hospitals, large retail stores, cafeterias, and the like,
there is a need to wet clean the floors on a daily or nightly basis, and this problem has been
addressed by the development of industrial floor cleaning “robots™ capable of wet cleaning
floors. An example of one industrial wet floor cleaning device is disclosed in US Pat. No.
5,279,672 by Betker et al., and assigned to Windsor Industries Inc. The disclosure of the ‘672
patent is herein incorporated by reference it its entirety. Betker et al. disclose an autonomous
floor cleaning device having a drive assembly providing a motive force to autonomously move

the wet cleaning device along a cleaning path.
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[0013] The use of the word “robot” or “autonomous™ to describe the Betker et al. device does
not necessarily mean “unattended” or fully autonomous - such devices are operator attended for
many reasons. One reason such devices are operator attended is because they weight hundreds of
pounds and can cause significant damage in the event of a sensor failure or unanticipated control
variable. A more significant reason is because devices as proposed by Betker et al. are not
physically configured to escape or navigate among confined areas or obstacles, nor are they
capable of being programmed to escape or navigate among confined areas or obstacles. For
example, the scrubber disclosed in Betker et al. would often encounter the situation where it has
insufficient lateral space to turn in accordance with the necessary controlled radius and navigate
around an obstacle, and in such a case “alerts the operator that the situation requires assistance,”
as expressly disclosed by Betker et al. The Betker et al. device is in some ways semi-
autonomous, but despite its rich sensor complement, it does not address fundamental principles
of autonomous operation, including physical configuration and flexible response to its
environment. The Betker et al. device would likely clean for no more than a few minutes before
getting stuck and requiring operator intervention.

[0014] The Betker et al. device provides a cleaning fluid dispenser for dispensing cleaning fluid
onto the floor; rotating scrub brushes in contact with the floor surface for scrubbing the floor
with the cleaning fluid, and a waste liquid recovery system, comprising a squeegee and a vacuum
system for recovering the waste liquid from the floor surface. While the device disclosed by
Betker et al. is usable to autonomously wet clean large floor areas, it is not suitable for the home
market, and further, lacks many features, capabilities, and functionality of the present invention
as described further herein. In particular, the industrial autonomous cleaning device disclosed by
Betker et al. is too large, costly and complex for use in the home and consumes too much
electrical power to provide a practical solution for the home wet floor cleaning market. A
fundamental shortcoming of Betker is that it appears to be neither physically capable nor flexibly
programmed to respond to a complex environment, and is therefore designed to be frequently
“rescued” by its attendant operator. Another is that its cleaning techniques may not be effective
in a robot that could be carried or manually moved by a person, e.g., less than 20 kg.

[0015] Recently, improvements in conventional manual wet floor cleaning in the home are
disclosed in U.S. Pat. No. 5,968,281 by Wright et al., and assigned to Royal Appliance Mfg.,
entitled Method for Mopping and Drying a Floor. The disclosure of the 281 patent is herein

incorporated by reference it its entirety. Disclosed therein is a low cost wet mopping system for
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manual use in the home market. The wet mopping system disclosed by Wright et al. comprises a
manual floor cleaning device having a handle with a cleaning fluid supply container supported
on the handle. The device includes a cleaning fluid dispensing nozzle supported on the handle
for spraying cleaning fluid onto the floor and a floor scrubber sponge attached to the end of the
handle for contact with the floor. The device also includes a mechanical device for wringing
waste liquid out of the scrubbing sponge. A squeegee and an associated suction device are
supported on the end of the handle and used to collect waste liquid up from the floor surface and
deposit the waste liquid into a waste liquid container, supported on the handle separate from the
cleaning solution reservoir. The device also includes a battery power source for powering the
suction device. While Wright et al. describes a self contained wet cleaning device as well as an
improved wet cleaning method that separates waste liquid from cleaning fluid, the device is
manually operated and appears to lack robotic functionality (motor drive, autonomous control,

etc.) and other benefits and features identified in the present disclosure.

BRIEF SUMMARY OF THE INVENTION
[0016] The present invention overcomes the problems cited in the prior by providing, inter alia,
low cost autonomous robot capable of wet cleaning floors and affordable for home use. The
problems of the prior art are addressed by the present invention which provides an autonomous
cleaning robot comprising a chassis and a transport drive system configured to autonomously
transport cleaning elements over a cleaning surface. The robot is supported on the cleaning
surface by wheels in rolling contact with the cleaning surface and the robot includes controls and
drive elements configured to control the robot to generally traverse the cleaning surface in a
forward direction defined by a fore-aft axis. The robot is further defined by a transverse axis
perpendicular to the fore-aft axis.
[0017] In particular, the surface cleaning robot includes two separate cleaning zones with a first
cleaning zone configured to collect loose particulates from the surface and with a second
cleaning zone configured to apply a cleaning fluid onto the surface, scrub the surface and
thereafter collect a waste liquid from the surface. The surface cleaning robot may also include at
least two containers or compartments, carried thereby, to store cleaning fluid and waste
materials. In certain embodiments, one compartment is positioned at least partially directly
above (with respect to gravity) the other, so that movements of fluid from one compartment to

another do not significantly shift the center of gravity of the robot.
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[0018] The robot chassis carries a first cleaning zone A comprising cleaning elements arranged
to collect loose particulates from the cleaning surface across a cleaning width. The cleaning
elements of the first cleaning zone utilize a jet port disposed on a transverse edge of the robot
and configured to blow a jet of air across a cleaning width of the robot towards the opposite
transverse edge. A vacuum intake port is disposed on the robot opposed to the jet port to suction
up loose particulates blown across the cleaning width by the jet port. The cleaning elements of
the first cleaning zone may suction up loose particulates, utilize brushes to sweep the loose
particulates into receptacle or otherwise remove the loose particulates from the surface.

[0019] The robot chassis may also carries a second cleaning zone B comprising cleaning
elements arraigned to apply a cleaning fluid onto the surface. The second cleaning zone also
includes cleaning elements configured to collect the cleaning fluid up from the surface after it
has been used to clean the surface and may further include elements for scrubbing the cleaning
surface and for smearing the cleaning fluid more uniformly over the cleaning surface.

[0020] The robot includes a motive drive subsystem controlled by a master control module and
powered by a self-contained power module for performing autonomous movement over the
cleaning surface. In one aspect, the invention relates to an autonomous cleaning robot having a
chassis supported for transport over a cleaning surface, the chassis being defined by a fore-aft
axis and a perpendicular transverse axis; a first collecting apparatus attached to the chassis and
configured to collect loose particulates from the cleaning surface across a cleaning width, the
cleaning width being disposed generally parallel with the transverse axis; a liquid applicator,
attached to the chassis and configured to apply a cleaning fluid onto the cleaning surface; and,
wherein the arrangement of the first collecting apparatus with respect to the liquid applicator
causes the first collecting apparatus to precede the liquid applicator over the cleaning surface
when transporting the chassis in a forward direction.

[0021] In one embodiment of the above aspect, the autonomous cleaning robot also includes a
smearing element attached to the chassis and configured to smear the cleaning fluid applied onto
the cleaning surface to more uniformly spread the cleaning fluid over the cleaning surface;
wherein the arrangement of the liquid applicator with respect to the smearing element (or
spreader brush) causes the liquid applicator to precede the smearing element over the cleaning
surface when transporting the chassis in a forward direction. In another embodiment, the robot
includes a scrubbing element configured to scrub the cleaning surface; wherein the arrangement

of the liquid applicator with respect to the scrubbing element causes the liquid applicator to
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precede the scrubbing element over the cleaning surface when transporting the chassis in the
forward direction. In certain embodiments, the robot also includes a second collecting apparatus
configured to collect waste liquid from the cleaning surface, the waste liquid comprising the
cleaning fluid applied by the liquid applicator plus any contaminants, removed from the cleaning
surface by the clean fluid; wherein the arrangement of the scrubbing element with respect to the
second collecting apparatus causes the scrubbing element to precede the second collecting
apparatus over the cleaning surface as the chassis is transported in the forward direction.

[0022] In certain embodiments of the above aspect, the robot includes a first waste storage
container, compartment, or tank attached to the chassis and arranged to receive the loose
particulates therein, and/or a second waste storage container attached to the chassis and arranged
to receive the waste liquid therein. Some embodiments of the autonomous robot of the above
aspect include a cleaning fluid storage container attached to the chassis and configured to store a
supply of the cleaning fluid therein and to deliver the cleaning fluid to the liquid applicator. In
some embodiments, the cleaning fluid comprises water and/or water mixed with any one of soap,
solvent, fragrance, disinfectant, emulsifier, drying agent and abrasive particulates. In some
embodiments, the first and second waste containers are configured to be removable from the
chassis by a user and to be emptied by the user, and/or said cleaning fluid storage container is
configured to be removable from the chassis by a user and to be filled by the user. Certain
embodiments include a combined waste storage container, compartment, or tank attached to the
chassis and configured to receive the loose particulates from the first collecting apparatus and to
receive the waste liquid from the second collecting apparatus therein. In other embodiments the
waste storage container is configured to be removable from the chassis by a user and to be
emptied by the user. Still other embodiments include a cleaning fluid storage container, attached
to the chassis and configured to store a supply of the cleaning fluid therein and to deliver the
cleaning fluid to the liquid applicator, and in some cases, said cleaning fluid storage container is
configured to be user removable from the chassis and to be filled by the user.

[0023] In some embodiments of the above aspect, the autonomous cleaning robot further
includes an integrated liquid storage container, attached to the chassis, and formed with two
separate container portions, compartments, bladder(s), or tanks comprising; a waste storage
container portion configured to receive the loose particulates from the first collecting apparatus
and the waste liquid from the second collecting apparatus therein; and, a cleaning fluid storage

container, compartment, bladder, or tank portion configured to store a supply of the cleaning
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fluid therein and to deliver the cleaning fluid to the liquid applicator. In other embodiments, the
autonomous cleaning robot of the above aspect includes the integrated liquid storage container
configured to be removable from the chassis by a user and for the cleaning fluid storage
container to be filled by and for the waste storage container to be emptied by the user. In some
embodiments of the above aspect, the robot includes a second collecting apparatus configured to
collect waste liquid from the cleaning surface, the waste liquid comprising the cleaning fluid
applied by the liquid applicator plus any contaminants, removed from the cleaning surface by the
cleaning fluid; and, wherein the arrangement of the liquid applicator with respect to the second
collecting apparatus causes the liquid applicator to precede the second collecting apparatus over
the cleaning surface as the chassis is transported in the forward direction. Certain embodiments
of the above aspect include a smearing element or spreader brush attached to the chassis and
configured to smear the cleaning fluid applied onto the cleaning surface to more uniformly
spread the cleaning fluid over the cleaning surface; and, wherein the arrangement of the liquid
applicator with respect to the smearing element causes the liquid applicator to precede the
smearing élement or spreader brush over the cleaning surface when transporting the chassis in a
forward direction.

[0024] In some embodiments, the robot includes a waste storage container, compartment, or
tank attached to the chassis and configured to receive the loose particulates from the first
collecting apparatus and to receive the waste liquid from the second collecting apparatus therein,
and in certain cases, the waste storage container is configured to be removable from the chassis
by a user and to be emptied by the user. Some embodiments of the robot include a cleaning fluid
storage container, attached to the chassis and configured to store a supply of the cleaning fluid
therein and to deliver the cleaning fluid to the liquid applicator, and in some cases, said cleaning
fluid storage container is configured to be removable from the chassis by a user and to be filled
by the user. In other embodiments, the robot of the above aspect includes an integrated liquid
storage container or tank, attached to the chassis, and formed with two separate container
portions comprising; a waste storage container portion configured to receive the loose
particulates from the first collecting apparatus and to receive the waste liquid from the second
collecting apparatus therein; and, a cleaning fluid storage container, compartment, bladder, or
tank configured to store a supply of the cleaning fluid therein and to deliver the cleaning fluid to

the liquid applicator. In certain embodiments, said integrated liquid storage container or tank is



10

15

20

25

30

WO 2006/089307 PCT/US2006/006550

-9-

configured to be removable from the chassis by a user and for the cleaning fluid storage
container to be filled by and for the waste storage container or tank to be emptied by the user.
[0025] Some embodiments of the above aspect include a motive drive subsystem attached to
chassis for transporting the chassis over the cleaning surface; a power module attached to the
chassis for delivering electrical power to each of a plurality of power consuming subsystems
attached to the chassis; and, a master control module attached to the chassis for controlling the
motive drive module, the first collecting apparatus, and the liquid applicator, to autonomously
transport the robot over the cleaning surface and to autonomously clean the cleaning surface.
Some embodiments may also include a sensor module configured to sense conditions external to
the robot and to sense conditions internal to the robot and to generate electrical sensor signals in
response to sensing said conditions; a signal line for communicating the electrical sensor signals
to the master control module; and, a controller incorporated within the master control module for
implementing predefined operating modes of the robot in response to said conditions.

[0026] Some embodiments include a user control module configured to receive an input
command from a user and to generate an electrical input signal in response to the input
command; a signal line for communicating the electrical input signal to the master control
module; and, a controller incorporated within the master control module for implementing
predefined operating modes of the robot in response to the input command. In certain
embodiments, the autonomous cleaning robot includes an interface module attached to the
chassis and configured to provide an interface between an element external to the robot and at
least one element attached to the chassis. In some embodiments, the element external to the robot
comprises one of a battery-charging device and a data processor. Some embodiments include an
interface module attached to the chassis and configured to provide an interface between an
element external to the robot and at least one element attached to the chassis. In some
embodiments, the element external to the robot comprises one of a battery-charging device, a
data processor, a device for autonomously filling the cleaning fluid storage container with
cleaning fluid, and a device for autonomously emptying the waste liquid container.

[0027] Certain embodiments of robots of the above aspect include an air jet port, attached to the
chassis disposed at a first edge of the cleaning width and configured to blow a jet of air across
the cleaning width proximate to the cleaning surface, to thereby force loose particulates on the
cleaning surface to move away from the first edge in a direction generally parallel with the

transverse axis; an air intake port, attached to the chassis and disposed at a second edge of the
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cleaning width, opposed from the first edge and proximate to the cleaning surface for suctioning
up the loose particulates; a waste storage container configured to receive the loose particulates
from the air intake port; and a fan assembly configured to generate a negative pressure within the
waste storage container, compartment, or tank. In some embodiments, the fan assembly is further
configured to generate a positive air pressure at the air jet port.

[0028] In other embodiments the second collecting apparatus includes a squeegee attached to
the chassis and formed with a longitudinal ridge disposed proximate to the cleaning surface and
extending across the cleaning width for providing a liquid collection volume at a forward edge of
the ridge, said longitudinal ridge collecting waste liquid within the liquid collection volume as
the chassis is transported in the forward direction; a vacuum chamber partially formed by the
squeegee disposed proximate to the longitudinal ridge and extending across the cleaning width; a
plurality of suction ports passing through the squeegee for providing a plurality of fluid passages
for fluidly connecting the liquid collection volume and the vacuum chamber; and a vacuum for
generating a negative air pressure within the vacuum chamber for drawing waste liquid collected
within the liquid collection volume into the vacuum chamber. Some additional embodiments also
include a waste storage container configured to receive the waste liquid from the vacuum
chamber, at least one fluid conduit fluidly connecting the vacuum chamber and the waste storage
container, compartment or tank; and a fan assembly configured to generate a negative air
pressure within the waste storage container and the vacuum chamber to thereby suction waste
liquid up from the cleaning surface and deposit the waste liquid in the waste storage container.
Other embodiments of the second collecting apparatus incorporate a squeegee attached to the
chassis and formed with a longitudinal ridge disposed proximate to the cleaning surface and
extending across the cleaning width for providing a liquid collection volume at a forward edge of
the ridge, said longitudinal ridge collecting waste liquid within the liquid collection volume as
the chassis is transported in the forward direction; a vacuum chamber partially formed by the
squeegee disposed proximate to the longitudinal ridge and extending across the cleaning width; a
plurality of suction ports passing through the squeegee for providing a plurality of fluid passages
for fluidly connecting the liquid collection volume and the vacuum chamber; and a vacuum for
generating a negative air pressure within the vacuum chamber for drawing waste liquid collected
within the liquid collection volume into the vacuum chamber.

[0029] Still other embodiments of the above aspect include a waste storage tank (or

compartment) configured to receive the waste liquid from the vacuum chamber, at least one fluid
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conduit fluidly connecting the vacuum chamber and the waste storage container or tank; and, a
fan assembly configured to generate a negative air pressure within the waste storage container
and the vacuum chamber to thereby suction waste liquid from the cleaning surface and deposit
the waste liquid in the waste storage container or tank. In some embodiments, the fan assembly
is configured to generate a positive air pressure at the air jet port.

[0030] In another aspect, the invention relates to an autonomous cleaning robot for transporting
cleaning elements over a cleaning surface including a chassis, supported in rolling contact with
the cleaning surface for transporting the chassis in a forward direction defined by a fore-aft axis,
the chassis being further defined by a transverse axis; a first cleaning zone comprising cleaning
elements attached to the chassis and arranged to collect loose particulates from the cleaning
surface across a cleaning width, the cleaning width being disposed generally perpendicular with
the fore-aft axis; a second cleaning zone comprising cleaning elements attached to the chassis
and arranged to apply a cleaning fluid onto the cleaning surface and to collect a waste liquid
from the cleaning surface across the cleaning width, said waste liquid comprising the cleaning
fluid plus any contaminants removed from the cleaning surface by the cleaning fluid; and a
motive drive subsystem controlled by a master control module and powered by a power module,
the motive drive subsystem, master control module and power module each being electrically
interconnected and attached to the chassis configured to autonomously transporting the robot
over the cleaning surface and to clean the cleaning surface. In some embodiments of this aspect,
the robot is configured with a circular cross-section having a vertical center axis and wherein
said fore-aft axis, said transverse axis and said vertical axis are mutually perpendicular and
wherein the motive drive subsystem is configured to rotate the robot about the center vertical
axis for changing the orientation of the forward travel direction.

[0031] In another aspect, the invention relates to a surface cleaning apparatus having a chassis
defined by a fore-aft axis and a perpendicular transverse axis, the chassis being supported for
transport over the surface along the fore-aft axis, the chassis including a first collecting apparatus
attached thereto and configured to collect loose particulates from the surface over a cleaning
width disposed generally parallel with the transverse axis, the first collecting apparatus including
an air jet port configured to expel a jet of air across the cleaning width; an air intake port
configured to draw air and loose particulates in; wherein the air jet port and the air intake port
are disposed at opposing ends of the cleaning width with the air jet port expelling the jet of air

generally parallel with the surface and generally directed toward the air intake port. In an
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embodiment of the above aspect, the first collecting apparatus further includes a channel formed
with generally opposed forward and aft edges, extending generally parallel with the transverse
axis across the cleaning width, and generally opposed left and right edges, extending generally
orthogonal to said forward and aft edges; wherein the air jet port is disposed at one of said left
and right edges and the air intake port is disposed at the other of said left and right edges. In
other embodiments, the surface cleaning apparatus further includes a first compliant doctor or
air flow guide blade disposed across the cleaning width and fixedly attached to a bottom surface
of the chassis proximate to said aft edge and extending from said bottom surface to the surface
for guiding the jet of air and loose particulates across the cleaning width.

[0032] In other embodiments of the above aspect, the surface cleaning apparatus further
includes a second compliant doctor or air flow guide blade fixedly attached to said bottom
surface and extending from said bottom surface to the surface, for guiding the jet of air and loose
particulates into the air intake port. In still other embodiments, the apparatus includes a rotary
fan motor having a fixed housing and a rotating shaft extending therefrom; a fan impeller
configured to move air when rotated about a rotation axis, said fan impeller being fixedly
attached to the rotating shaft for rotation about the rotation axis by the fan motor; a housing for
housing the fan impeller in a hollow cavity formed therein and for fixedly supporting the motor
fixed housing thereon, the housing being further configured with an air intake port through
which air is drawn in to the cavity, and an air exit port through which air is expelled out of the
cavity when the impeller is rotated; and a first fluid conduit fluidly connected between the fan air
intake port and the air intake port of said first collecting apparatus; therein each of the elements
is attached to the chassis. In some embodiments, the apparatus includes a waste storage container
attached to the chassis and fluidly interposed within said first fluid conduit between the fan air
intake port and the air intake port. In some embodiments, the waste storage container is
configured to be removable from the chassis by a user and to be emptied by the user.

[0033] Still other embodiments include an air filter element interposed within said first fluid
conduit between the waste storage container and the fan air intake port for filtering loose
contaminates from air being drawn in through the fan air intake port, and may also include a
second fluid conduit fluidly connected between the fan exit port and the air jet port of said first
collecting apparatus. In other embodiments, the surface cleaning apparatus further includes a
second collecting apparatus attached to the chassis and disposed aft of the first collecting

apparatus for collecting liquid from the surface over the cleaning width. In some embodiments,
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the second collecting zone includes a squeegee fixedly attached to the chassis aft of the first
collecting apparatus and extending from a bottom surface of the chassis to the surface across the
cleaning width for collecting liquid in a liquid collection volume formed between the squeegee
and the surface, the squeegee further forming a vacuum chamber and providing a plurality of
suction ports disposed across the cleaning width and fluidly connecting the vacuum chamber and
the liquid collection volume; and a vacuum for generating a negative air pressure inside the
vacuum chamber to thereby draw liquid into the vacuum chamber through the plurality of
suction ports fluidly connected with the collection volume.

[0034] Other embodiments of the surface cleaning apparatus of the above aspect include a rotary
fan motor having a fixed housing and a rotating shaft extending therefrom; a fan impeller
configured to move air when rotated about a rotation axis, said fan impeller being fixedly
attached to the rotating shaft for rotation about the rotation axis by the fan

[0035] motor; a housing for housing the fan impeller in a hollow cavity formed therein and for
fixedly supporting the motor fixed housing thereon, the housing being further configured with an
air intake port through which air is drawn in to the cavity, and an air exit port through which air
is expelled out of the cavity when the impeller is rotated; a first fluid conduit fluidly connected
between the fan air intake port and the air intake port of said first collecting apparatus; and a
third fluid conduit fluidly connected between the fan air intake port and the vacuum chamber;
wherein these elements are attached to the chassis. The surface cleaning apparatus may also
include a second fluid conduit fluidly connected between the fan exit port and the air jet port of
said first collecting apparatus, and/or a waste storage container or tank attached to the chassis
and configured to store the liquid collected from the surface. Still other embodiments utilize a
waste storage container attached to the chassis and configured to store the liquid collected from
the surface, said waste storage container or tank being fluidly interposed within said third fluid
conduit. In some embodiments, the cleaning apparatus includes a waste storage container
attached to the chassis and configured to store the liquid collected from the surface, said waste
storage container being fluidly interposed within said first and said third fluid conduits. In certain
cases, said waste storage container or tank includes a sealed waste container for storing loose
particulates collected by the first collecting apparatus and for storing liquid collected by the
second collecting apparatus and having at least one access port formed therein for emptying
waste from the container; and a plenum incorporated into a top wall of the sealed container such

that the plenum is disposed vertically above the sealed waste container during operation of the
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cleaning apparatus; and wherein the plenum is configured with ports for fluidly interposing
within each of said first, said second and said third fluid conduits.

[0036] In some embodiments, the waste storage container is configured to be removable from
the chassis by a user and to be emptied by the user. Certain other embodiments include a
cleaning fluid applicator assembly, attached to the chassis between the first collecting apparatus
and the second collecting apparatus for applying a cleaning fluid onto the surface across the
cleaning width; and a sealed cleaning fluid storage container or tank for holding a supply of the
cleaning fluid therein the storage container including at least one access port formed therein for
filling the container with the cleaning fluid. In other embodiments, said sealed waste container
and said sealed cleaning fluid container are integrated into a liquid storage container module and
wherein the integrated liquid storage container module is configured to be removable from the
chassis by a user for filling with cleaning fluid and for emptying waste therefrom. In some
embodiments, the surface cleaning apparatus further includes a smearing element attached the
chassis aft of the liquid applicator assembly and configured to smear the cleaning fluid across the
cleaning width; and a scrubbing element, scrub brush, wiper, or wipe cloth attached to the
chassis aft of the smearing element or spreader brush for scrubbing the surface across the
cleaning width. In some embodiments, the surface cleaning apparatus further comprises a motive
drive subsystem controlled by a master control module and power by a power module, each
attached to the chassis, for autonomously transporting the surface cleaning apparatus over the
surface. A pad, cloth, or other absorbent wiper extending essentially across the cleaning width
may be placed before or after the cleaning head to prepare the surface or absorb wetness behind
the cleaning head as appropriate. The entire cleaning head is formed from materials that
withstand water and temperature extremes sufficient for the cleaning head to be “dishwasher
safe.”

[0037] In other embodiments, the surface cleaning apparatus further includes a sensor module
configured to sense conditions and to generate electrical sensor signals in response to sensing
said conditions; a signal line for communicating the electrical sensor signals to the master
control module; and a controller incorporated within the master control module for implementing
predefined operating modes in response to sensing said conditions. Still other embodiments
include a motive drive subsystem controlled by a master control module and power by a power
module, each attached to the chassis, for autonomously transporting the surface cleaning

apparatus over the surface. Other embodiments of the surface cleaning apparatus further include
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a sensor module configured to sense conditions and to generate electrical sensor signals in
response to sensing said conditions; a signal line for communicating the electrical sensor signals
to the master control module; and a controller incorporated within the master control module for
implementing predefined operating modes in response to sensing said conditions.

[0038] In yet another aspect, the invention relates to a surface cleaning apparatus having an
autonomous transport drive subsystem controlled by a master control module, a sensor module
for sensing conditions, a power module and cleaning elements all supported on a chassis and
powered by the power module for moving the chassis over the surface in accordance with
predefined operating modes and in response to conditions sensed by the sensor module, the
elements being configured with a cleaning width disposed generally orthogonal to a forward
transport direction and wherein the cleaning elements comprise; a first collecting apparatus for
collecting loose particulates from the surface across the cleaning width, said first collecting
apparatus A being positioned on the chassis to advance over the surface first as the chassis is
transported in a forward transport direction; a cleaning fluid applicator for applying cleaning
fluid onto the surface across the cleaning width, said cleaning fluid applicator being positioned
on the chassis to advance over the surface second as the chassis is transported in a forward
transport direction; a smearing element for smearing the cleaning fluid applied onto the surface
across the cleaning width, said smearing element or spreader brush being positioned on the
chassis to advance over the surface third as the chassis is transported in a forward transport
direction; an active scrubbing element for actively scrubbing the surface across the cleaning
width, said active scrubbing element being positioned on the chassis to advance over the surface
fourth as the chassis is transported in a forward transport direction; a second collecting apparatus
for collecting waste liquid from the surface, said second collecting apparatus being positioned on
the chassis to advance over the surface fifth as the chassis is transported in a forward transport
direction; and, an integrated storage container or tank module comprising a waste storage
container for storing loose particulates collected by said first collecting apparatus and waste
liquid collected by said second collecting apparatus, a cleaning fluid supply container for storing
a supply of the cleaning fluid, and wherein the integrated storage container or tank module is
configured to be removed from the chassis by a user, filled with cleaning fluid and emptied of
waste and then reinstalled onto the chassis by the user.

[0039] In yet an additional aspect, the invention relates to a surface cleaning apparatus having a

chassis defined by a fore-aft axis and a perpendicular transverse axis for supporting cleaning
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elements thereon and for transporting the cleaning elements over the surface along the fore-aft
axis and wherein the cleaning elements are disposed to clean across a cleaning width disposed
generally orthogonal to the fore-aft axis with a left end and a right end defining opposing edges
of the cleaning width; and a liquid applicator comprising at least one nozzle disposed at one of
said left end and said right end for ejecting cleaning fluid therefrom, said cleaning fluid being
ejected with sufficient volume and pressure to distribute cleaning fluid across the cleaning width.
In certain embodiments of the above aspect, the cleaning fluid comprises water and/or any one of
soap, solvent, fragrance, disinfectant, emulsifier, drying agent and abrasive particulates.

[0040] In some embodiments of the above aspect, the apparatus includes a smearing element
attached to the chassis aft of the position of the at least one nozzle and extending from the
chassis to the surface across the cleaning width for smearing the cleaning fluid, and may include
a scrubbing element attached to the chassis aft of the position of the at least one nozzle and
extending from the chassis to the surface across the cleaning width for scrubbing the surface. In
some embodiments, the scrubbing element is attached to the chassis aft of the position of the at
least one nozzle and extending from the chassis to the surface across the cleaning width for
scrubbing the surface. The cleaning apparatus may also include a collecting apparatus attached to
the chassis aft of the position of the at least one nozzle and extending from the chassis to the
surface across the cleaning width for collecting waste liquid from the surface. In some
embodiments, the liquid applicator a first nozzle disposed at the left end for ejecting cleaning
fluid therefrom, said cleaning fluid being ejected from the first nozzle with sufficient volume and
pressure to distribute cleaning fluid across the cleaning width, a second nozzle disposed at the
right end for ejecting cleaning fluid therefrom, said cleaning fluid being ejected from the second
nozzle with sufficient volume and pressure to distribute cleaning fluid across the cleaning width;
and wherein the first nozzle and the second nozzle are co-located on the fore-aft axis.

[0041] In certain embodiments of the above aspect each of the first and second nozzles ejects a
discrete burst cleaning fluid in accordance with a burst frequency and wherein the burst
frequency of the first nozzle is substantially opposite in phase with respect to the burst frequency
of the second nozzle. In some embodiments, the surface cleaning apparatus also includes an
autonomous transport drive subsystem, a sensor module for sensing conditions and a power
module all supported by the chassis and controlled by a master control module to autonomously
move the cleaning elements substantially over the entire surface over the surface in accordance

with predefined operating modes and in response to conditions sensed by the sensor module. Still
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other embodiments utilize an autonomous transport drive subsystem, a sensor module for sensing
conditions and a power module all supported by the chassis and controlled by a master control
module to autonomously move the cleaning elements substantially over the entire surface over
the surface in accordance with predefined operating modes and in response to conditions sensed
by the sensor module.

[0042] Other embodiments of the above aspect include an autonomous transport drive
subsystem, a sensor module for sensing conditions and a power module all supported by the
chassis and controlled by a master control module to autonomously move the cleaning elements
substantially over the entire surface over the surface in accordance with predefined operating
modes and in response to conditions sensed by the sensor module. In some embodiments, the
master control module is configured to vary the burst frequency in accordance with a desired rate
for applying cleaning fluid onto surface, and in some cases, the master control module is
configured to vary the burst frequency to apply cleaning fluid onto the surface at a substantially
uniform volume of approximately 2 ml per square foot.

[0043] In some embodiments, the surface cleaning apparatus also includes a liquid storage
container, carried on the chassis, for storing a supply of the cleaning fluid therein; a diaphragm
pump assembly configured with a first a first pump portion for drawing cleaning fluid from the
container and for delivering the cleaning fluid to the at least one nozzle; and a mechanical
actuator for mechanically actuating the first pump portion. Still other embodiments include an
autonomous transport drive subsystem, a sensor module for sensing conditions and a power
module all supported by the chassis and controlied by a master control module to autonomously
move the cleaning elements substantially over the entire surface over the surface in accordance
with predefined operating modes and in response to conditions sensed by the sensor module; a
liquid storage container, carried on the chassis, for storing a supply of the cleaning fluid therein;
a diaphragm pump assembly having a first a first pump portion for drawing cleaning fluid from
the container and for delivering the cleaning fluid to the first nozzle and a second pump portion
for drawing cleaning fluid from the container and for delivering the cleaning fluid to the second
nozzle; and a mechanical actuator for mechanically actuating the first pump portion and the
second pump portion.

[0044] In certain embodiments of the above aspect, the diaphragm pump assembly includes a
flexible element mounted between a non-flexible upper chamber element and a non-flexible

lower chamber element, said flexible element being formed with a first pump chamber and a first
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actuator nipple attached thereto and a second pump chamber and a second actuator nipple
attached thereto; an actuator link pivotally attached to the pump assembly for pivoting between a
first actuator position and a second actuator position, the actuator link being fixedly attached to
each of said first and said second actuator nipples and wherein movement of the actuator link
toward the first actuator position decreases the volume the first pump chamber and increases the
volume of the second pump chamber and further wherein movement of the actuator link toward
the second actuator position increases the volume the first pump chamber and decreases the
volume of the second pump chamber; a cam element configured with a circumferential cam
profile and supported to move the actuator link between the first actuator position and the second
actuator position; and a cam rotary drive, controlled by the master controller, for rotating the cam
element in accordance with a cam rotary drive pattern.

[0045] In another aspect, the invention relates to a method for cleaning a surface with a cleaning
apparatus, the method including the steps of transporting a chassis over the surface in a forward
transport direction defined by a defined by a fore-aft axis, said chassis including cleaning
elements supported thereon, and wherein the cleaning elements have a cleaning width disposed
generally orthogonal to the fore-aft axis and wherein the cleaning width has a left end and an
opposing right end; and ejecting a volume of cleaning fluid from a first nozzle attached to the
chassis at one of said left end and said right end, said first nozzle being configured to eject
cleaning fluid therefrom, said cleaning fluid being ejected with sufficient volume and pressure to
distribute cleaning fluid across the cleaning width. In certain embodiments, the method may also
include ejecting a volume of cleaning fluid from a second nozzle attached to the chassis at the
other of said left end and said right end and co-located on the fore-aft axis with respect to the
first nozzle, said second nozzle being configured to eject cleaning fluid therefrom, said cleaning
fluid being ejected with sufficient volume and pressure to distribute cleaning fluid across the
cleaning width; and ejecting cleaning fluid from each of the first nozzle and the second nozzle in
discrete bursts of cleaning fluid in accordance with a burst frequency and wherein the burst
frequency of the first nozzle is substantially opposite in phase with respect to the burst frequency
of the second nozzle.

[0046] In still other embodiments, the method includes smearing the cleaning fluid across the
cleaning width using a smearing element or spreader brush attached to the chassis aft of the
colocated position of the first nozzle and the second nozzle, said smearing element extending

across the cleaning width. Other embodiments may include scrubbing the surface across the
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cleaning width using a scrubbing element, scrub brush, wiper, or wipe cloth attached to the
chassis aft of the co-located position of the first nozzle and the second nozzle, said scrubbing
element extending across the cleaning width. Still other embodiments include collecting waste
liquid from the surface across the cleaning width using a collecting apparatus attached to the
chassis aft of the co-located position of the first nozzle and the second nozzle, said collecting
apparatus extending across the cleaning width. In some embodiments of the method of the above
aspect, the chassis further includes an autonomous transport drive subsystem, a sensor module
for sensing conditions and a power module all supported thereon and controlled by a master
control module and wherein transporting the chassis over the surface further includes controlling
the transport drive subsystem in accordance with predefined operating modes and in response to
conditions sensed by the sensor module to transport the cleaning elements substantially over the
entire surface.

[0047] According to one aspect of the present invention, a surface treatment robot includes a
robot body having an outer perimeter formed substantially as a shape of constant width, driven
forward by at least one circulating member, and a dispensed material compartment that holds
material to be dispensed by the robot. A wet cleaning head that employs one or more wet
cleaning member(s) to clean along a cleaning width line of the robot with the assistance of
dispensed material, the wet cleaning head defining a cleaning width. A waste material
compartment holds material picked up by the robot. Each of the dispensed material compartment
and waste material compartment being shaped and positioned to place the center of gravity of the
dispensed material compartment volume less than 1/2 of the cleaning width from the center of
gravity of the waste material compartment volume.

[0048] For example, one embodiment of the robot has a cleaning width of about 30 cm, and
each of these centers of gravity is less than 15 cm from the other. The center of gravity of the
volume is readily understood as the center of the empty volume; however, it may also be
understood as the center of gravity of a body of fluid filling the volume (most fluids discussed
herein would approximate the specific gravity of water). Surface treatment includes cleaning and
other treatments as discussed herein. The shapes of constant width are also defined herein, noting
that not all such shapes are regular, and that one embodiment of the robot is substantially
cylindrical. The wet cleaning member includes brushes, sponges, wipers, and the like. A
circulating member would include a rotating wheel, a rotating brush, and/or one or more

circulating belts or webs. The material need not be wet, although most would be.
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[0049] Optionally, each of the dispensed material compartment and waste material compartment
is shaped and positioned to place the combined center of gravity of the dispensed material
compartment volume and the waste material compartment volume less than 1/2 the cleaning
width from a center of the at least one circulating member. The center of a rotating brush would
be the midpoint along the axis, the center of a rotating belt would be along the midpoint of the
contact area with the surface. Further optionally, each of the dispensed material compartment
and waste material compartment are shaped and positioned to place of the center of gravity of
the dispensed material compartment volume substantially directly above or below the center of
gravity of the waste material compartment volume. “Substantially directly” means, in one
instance, above or below one another and vertical normals from each center of gravity are within
1/4 of the cleaning width from one another.

[0050] According to another aspect of the invention, a surface treatment robot includes a robot
body having an outer perimeter formed substantially as a shape of constant width, and at least
two circulating drive members that drive the robot body forward and steer the robot body. A
dispensed fluid compartment that holds fluid to be dispensed by the robot; and a powered
scrubber drives at least one scrubbing element to clean, with the assistance of dispensed fluid,
substantially along a line of maximum width of the shape of constant width, the driven scrubbing
element extending to substantially within 1 cm of a tangential edge of the robot body. By placing
the scrubber along the line of maximum width of a constant width shape such as a cylinder, the
edge of the cleaning area can be brought to the edge of the robot, permitting the robot to edge
clean within 1 cm of a wall. Placing the wheels along the line of maximum width would prevent
this. Again, circulating includes rotating members such as wheels or brushes, but also circulating
belts or webs.

[0051] If the cleaning head is along the maximum width, the widest cleaning head can be
obtained by placing the least two circulating drive members are placed along a line at which the
width of the robot is less than the maximum width of the robot. Optionally, the robot also
includes a wet vacuum that picks up the dispensed fluid after the scrubbing element has cleaned
with the assistance of the dispensed fluid, and a waste fluid compartment that holds fluid picked
up by the wet vacuum unit. The waste fluid compartment and dispensed fluid compartment may
be integral compartments within a same fluid tank module that is readily removable as a module

from the robot body.
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[0052] According to another aspect of the invention, a surface treatment robot includes robot
body having an outer perimeter formed substantially as a shape of constant width, driven forward
by at least one rotating member, and a dispensed fluid compartment that holds fluid to be
dispensed by the robot. A powered wet cleaning head employs at least one powered wet cleaning
member to clean a cleaning width along a cleaning width line of the robot with the assistance of
dispensed fluid. A waste material compartment holds waste fluid picked up by the robot. The wet
cleaning head has a cleaning width with respect to total robot mass of the robot body, dispensed
material compartment when empty, wet cleaning head, and waste material compartment when
full of waste fluid picked up by the robot, of more than or equal to three centimeters of cleaning
width per kilogram of total robot mass.

[0053] An example robot according to the invention has a cleaning width of about 30 cm, and a
mass of about 3-5 kg. Such a robot has about 10 cm to about 6 cm of powered cleaning width per
kilogram of fully loaded robot, a less efficient version, but still acceptable, could be 3 cm of
powered cleaning width per kilogram of robot mass.. This cleaning width permits sufficient work
to be done per unit time, and the amount of weight is sufficient to provide enough traction for the
cleaning width. Moreover, the robot does not become excessively large or inefficient by limiting
the amount of weight. This combination provides the best balance of cleaning time versus
maneuverability versus manageability.

[0054] Optionally, the powered wet cleaning head includes a powered circulating scrubber that
scrubs the surface to be cleaned along a cleaning width line of the robot with the assistance of
dispensed fluid. Further, the powered wet cleaning head may include a powered wet vacuum
that picks up the waste fluid. Each of these contributes to the cleaning width, and may contribute
either to drag or to motive force. The weight placed on the cleaning width may be limited to
reduce or otherwise limit the amount of drag.

[0055] According to yet another aspect of the invention, a surface treatment robot includes a
robot body having an outer perimeter formed substantially as a shape of constant width, driven
forward by at least one rotating member, and a wet cleaning head that employs at least one
circulating wet cleaning member to clean a cleaning width along a cleaning width line of the
robot with the assistance of dispensed fluid. A tank that accommodates a fluid compartment
stores fluid, and the robot body includes a mount that receives the tank. A fluid connection

between the tank and the robot body and a vacuum connection between the tank and the robot
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body are provided. A coupling mechanically engages the tank to the robot body, the engagement
of the coupling simultaneously sealing both the fluid connection and the vacuum connection. 7
[0056] With this construction, the robot may be prepared for use with one coupling, which
completes form of the robot, the mechanical integrity of the robot, the vacuum connection (and
seal) and fluid connection (and seal).

[0057] Optionally, the tank forms at least one quarter of the outer profile of the robot, wherein
engagement of the coupling engagement of completes a substantially smooth outer profile of the
robot. Alternatively, the tank forms at least one quarter of the outer peripheral surface of the
robot including a part of the perimeter of the shape of constant width, and wherein engagement
of the coupling engagement of substantially completes the perimeter of the shape of constant
width. In either case, the robot is permitted to autonomously turn to escape confined spaces and
corners by virtue of the outer profile, and space is efficiently maximized by avoiding the use of
double and triple walls to house the tank within the robot body.

[0058] In one embodiment, a method for controlling a mobile robot may include spinning a
brush in a first direction when the mobile robot moves forward; and deactivating the sweeping
brush when the mobile robot moves in a reverse direction. In accordance with another
embodiment, a method for controlling a mobile robot may include distributing fluid via a pump
when the mobile robot operates in a cleaning mode; and deactivating the pump when the mobile
robot is not moving forward. In accordance with yet another embodiment, a method for
controlling a mobile robot may include traversing a cleaning surface and distributing cleaning
fluid on the cleaning surface during a cleaning cycle; and traversing the cleaning surface without
distributing the cleaning fluid on the cleaning surface during a drying cycle. Als&, the method
may further include transitioning from the cleaning cycle to the drying cycle when a power
supply voltage declines; or applying vacuum suction to the cleaning surface when the mobile
robot operates in the drying mode. In accordance with another embodiment, a method for
sensing fluid in a mobile robot having at least first and second electrodes may include swapping
polarity between the first and second electrode; detecting a resistance between the first and
second electrodes; and determining whether fluid is present based on the detected resistance
between the first and second electrodes.

[0059] In another aspect, the invention relates to a liquid cleaner utilized with a robot cleaner,

wherein the cleaner includes alkyl polyglucoside (for example, at 1 — 3 % concentration) and



10

15

20

25

30

WO 2006/089307 PCT/US2006/006550

-23 -

tetrapotassium ethylenediamine-tetraacetate (tetrapotassium EDTA) (for example, at 0.5 —1.5 %
concentration).

[0060] In another aspect, the invention relates to a tire material including a chloroprene
homopolymer stabilized with thiuram disulfide black with a density of 14-16 pounds per cubic
foot, or approximately 15 pounds per cubic foot foamed to a cell size of 0.1 mm plus or minus
0.02 mm. In certain embodiments, the tire has a post-foamed hardness of about 69 to 75 Shore
00. In other embodiments of the above aspects, the invention relates to tires, including, for
example, those made of neoprene and chloroprene, and other closed cell rubber sponge
materials. Tires made of polyvinyl chloride (PVC) and acrylonitrile-butadiene (ABS) (with or

without other extractables, hydrocarbons, carbon black, and ash) may also be used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] The features of the present invention will best be understood from a detailed description
of the invention and a preferred embodiment thereof selected for the purposes of illustration and
shown in the accompanying drawings in which:

[0062] FIG. 1 depicts an isometric view of a top surface of an autonomous cleaning robot
according to the present invention.

[0063] FIG. 2 depicts an isometric view of a bottom surface of a chassis of an autonomous
cleaning robot according to the present invention.

[0064] FIG. 3 depicts an exploded view of a robot chassis having robot subsystems attached
thereto according to the present invention.

[0065] FIG. 4 depicts a schematic block diagram showing the interrelationship of subsystems of
an autonomous cleaning robot according to the present invention.

[0066] FIG. 5 depicts a schematic representation of a liquid applicator assembly according to
the present invention.

[0067] FIG. 6 depicts a schematic section view taken through a stop valve assembly installed
within a cleaning fluid supply tank according to the present invention.

[0068] FIG. 7 depicts a schematic section view taken through a pump assembly according to the
present invention.

[0069] FIG. 8 depicts a schematic top view of a flexible element used as a diaphragm pump

according to the present invention.
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[0070] FIG. 9 depicts a schematic top view of a nonflexible chamber element used in the pump
assembly according to the present invention.

[0071] FIG. 10 depicts a schematic exploded isometric view of a scrubbing module according to
the present invention.

[0072] FIG. 11 depicts an isometric rotatable scrubbing brush according to the present
invention.

[0073] FIG. 12A depicts a schematic section view taken through a second collecting apparatus
used for collecting waste liquid according to the present invention.

[0074] FIG. 12B depicts a schematic section view of an alternative collecting apparatus used for
collecting waste liquid according to the present invention.

[0075] FIG. 13 is a schematic block diagram showing elements of a drive module used to rotate
the scrubbing brush according to the present invention.

[0076] FIG. 14 is a schematic representation of an air moving system according to the present
invention.

[0077] FIG. 15 depicts a schematic exploded isometric view of a fan assembly according to the
present invention.

[0078] FIG. 16 depicts a schematic exploded isometric view showing elements of an integrated
liquid storage module according to the present invention.

[0079] FIG. 17 depicts an external view of the integrated liquid storage module removed from
the cleaning robot according to the present invention.

[0080] FIG. 18 depicts a schematic exploded view of a nose wheel module according to the
present invention.

[0081] FIG. 19 depicts a schematic section view taken through a nose wheel assembly according
to the present invention.

[0082] FIG. 20 depicts a schematic exploded view of a drive wheel assembly according to the
present invention. ’

[0083] FIG. 21 depicts an exploded view of a robot chassis having robot subsystems attached
thereto according to an embodiment of the present invention.

[0084] FIG. 22 depicts an exploded view of a robot chassis having robot subsystems attached
thereto according to an embodiment of the present invention.

[0085] FIG. 23 depicts an exploded isometric view of a cleaning head or scrubbing module in

accordance with one embodiment of the present invention.
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[0086] FIG. 24 depicts an isometric view of a fan assembly in accordance with one embodiment
of the present invention.

[0087] FIG. 25 depicts an exploded isometric view of a fan assembly in accordance with one
embodiment of the present invention.

[0088] FIG. 26 depicts an exploded isometric view of a fan assembly in accordance with one
embodiment of the present invention.

[0089] FIG. 27 depicts an exploded view of a robot chassis having an integrated tank according
to an embodiment of the present invention.

[0090] FIG. 28 depicts a plan view of a sealing flap and airfoil within the plenum of the
integrated tank depicted in FIG. 27.

[0091] FIG. 29 depicts a side section view of the sealing flap and airfoil within the plenum of
the integrated tank depicted in FIG. 28..

[0092] FIG. 30 is an isometric view of the sealing flap, airfoil, and a foam/airflow wall in
accordance with one embodiment of the present invention.

[0093] FIG. 31 is a side section view of a sealing flap and pendulum in accordance with one
embodiment of the present invention.

[0094] FIG. 32 is an isometric view of a foam blocking wall within the integrated tank in
accordance with one embodiment of the present invention

[0095] FIG. 33 depicts a schematic exploded view of a nose wheel module in accordance with
one embodiment of the present invention.

[0096] FIG. 34 depicts a side view of the nose wheel module of FIG. 33.

[0097] FIG. 35 depicts a front view of the nose wheel module of FIG. 33.

[0098] FIG. 36 depicts a series of maintenance steps for maintaining and servicing a
embodiment of the robot of the present invention.

[0099] FIGS. 37-41 depict a steps of robot maintenance as identified in FIG. 36.

[00100] FIG. 42 depicts a side schematic view of a cleaning head and squeegee in accordance
with another embodiment of the present invention.

[00101] FIG. 43 depicts a perspective view of the cleaning head and squeegee depicted in FIG.
42.

[00102] FIG. 44 depicts another side schematic view of the cleaning head and squeegee
depicted in FIG. 42.
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[00103] FIG. 45 depicts a third side schematic view of the cleaning head and squeegee depicted
in FIG. 42.

[00104] FIG. 46 depicts a cleaning path for a mobile robot in accordance with one embodiment
of the present invention.

[00105] FIG. 47 depicts a mobile robot having left and right drive wheels positioned along a
central diameter of the chassis, in accordance with one embodiment of the invention.

[00106] FIG. 48 depicts a mobile robot having left and right drive wheels positioned on the aft
bottom portion of the chassis, in accordance with another embodiment of the invention.

[00107] FIG. 49 depicts an offset diameter robot positioned a distance d from a wall.

[00108] FIG. 50 depicts a control sequence for turning a robot with respect to a wall.

[00109] FIG. 51 depicts a first phase of a sequence for estimating a wall angle, in accordance
with one embodiment of the invention.

[00110] FIG. 52 depicts a second phase of a sequence for estimating a wall angle, in accordance
with one embodiment of the invention.

[00111] FIG. 53 depicts an obstacle avoidance sequence, in accordance with one embodiment of
the invention, for backing a robot away from an obstacle.

[00112] FIG. 54 depicts a panic spin sequence for a mobile robot, in accordance with one
embodiment of the invention.

[00113] FIG. 55 depicts a wheel drop response sequence for a mobile robot, in accordance with
one embodiment of the invention.

[00114] FIG. 56 depicts one embodiment of a brush control sequence in accordance with a wet
cleaning mobile robot.

[00115] FIG. 57 depicts a graph of current drawn by a robot motor versus time over at least one
rotation cycle.

[00116] FIG. 58 depicts one embodiment of a sequence for pseudo-autocorrelation for a pump
control process for a wet cleaning mobile robot.

[00117] FIG. 59 depicts one embodiment of a sequence for implementing a stuck behavior for a
wet cleaning robot.

[00118] FIG. 60 depicts one embodiment of a fluid sensing circuit diagram for a wet cleaning
mobile robot.

[00119] FIG. 61A depicts one commercial embodiment of the robot of the present invention,

including accessories.
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[00120] FIG. 61B depicts various views of one commercial embodiment of the robot of the
present invention.

[00121] FIG. 62 depicts one embodiment of a control panel and user interface used with one
embodiment of the robot.

[00122] FIG. 63 depicts another embodiment of a control panel and user interface used with one

embodiment of the robot.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[00123] Referring now to the drawings where like reference numerals identify corresponding or
similar elements throughout the several views, FIG. 1 depicts an isometric view showing the
external surfaces of an autonomous cleaning robot 100 according to a preferred embodiment of
the present invention. The robot 100 is configured with a cylindrical volume having a generally
circular cross-section 102 with a top surface and a bottom surface that is substantially parallel
and opposed to the top surface. The circular cross-section 102 is defined by three mutually
perpendicular axes; a central vertical axis 104, a fore-aft axis 106, and a transverse axis 108. The
robot 100 is movably supported with respect to a surface to be cleaned, hereinafter, the cleaning
surface. The cleaning surface is substantially horizontal.
[00124] The robot 100 is generally supported in rolling contact with the cleaning surface by a
plurality of wheels or other rolling elements attached to a chassis 200. In a preferred
embodiment, the fore-aft axis 108 defines a transport axis along which the robot is advanced
over the cleaning surface. The robot is generally advanced in a forward or fore travel direction,
designated F, during cleaning operations. The opposite travel direction, (i.e. opposed by 180°), is
designated A for aft. The robot is generally not advanced in the aft direction during cleaning
operations but may be advanced in the aft direction to avoid an object or maneuver out ofa
corner or the like. Cleaning operations may continue or be suspended during aft transport. The
transverse axis 108 is further defined by the labels R for right and L for left, as viewed from the
top view of FIG. 1. In subsequent figures, the R and L direction remain consistent with the top
view, but may be reversed on the printed page. In a preferred embodiment of the present
invention, the diameter of the robot circular cross-section 102 is approximately 370 mm (14.57
inches) and the height of the robot 100 above the cleaning surface of approximately 85 mm (3.3
inches). However, the autonomous cleaning robot 100 of the present invention may be built with

other cross-sectional diameter and height dimensions, as well as with other cross-sectional
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shapes, e.g. square, rectangular and triangular, and volumetric shapes, e.g. cube, bar, and
pyramidal.

[00125] The robot 100 may include a user input control panel, not shown, disposed on an
external surface, e.g. the top surface, with one or more user manipulated actuators disposed on
the control panel. Actuation of a control panel actuator by a user generates an electrical signal,
which is interpreted to initiate a command. The control panel may also include one or more
mode status indicators such as visual or audio indicators perceptible by a user. In one example, a
user may set the robot onto the cleaning surface and actuate a control panel actuator to start a
cleaning operation. In another example, a user may actuate a control panel actuator to stop a
cleaning operation.

[00126] FIG. 21 shows the four main modules substantially as they are normally arranged: a
tank 800, a top, a battery 201, a robot body 200, and a cleaning head 600 within the robot body
200. The robot itself supports the battery 201 in a battery socket, and an integrated tank 800 is
supported on top of both the robot and the battery 201. The internal lower surface of the tank 800
and the internal upper surface of the robot body 200 are configured to substantially conform with
the shape of the battery 201. As discussed herein, the battery 201 may be replaced by levering
the tank 800 on its pivot but not necessarily lifting or removing the tank 800. Additionally, as
shown in FIG. 21, the cleaning head 600 may be inserted from the right side of the robot in a
sliding motion without removing the tank 800 or battery 201, and in this configuration may be
removed from the robot body 200 for cleaning in the middle of a cleaning cycle or otherwise.
FIG. 21 also shows the control panel 330 for the robot, which is detailed below.

[00127] As shown in FIG. 21, the tank 800 has a handle as described herein in detail, which has
a detent click lock, slightly lifts from the tank when lifted, and otherwise as described. When the
tank 800 is mounted to the body 200, this handle is for the entire robot. When the tank 800 is
detached from the robot, this handle is for the tank 800 alone. However, a second handle is
formed in the robot body, as shown in FIG. 21, an indentation underneath the control panel 330.
Accordingly, when the tanks 800 and the base unit 200 are separated, each has its own handie.
When the tanks 800 and base unit 200 are reintegrated, the main handle serves for carrying both.
The same handle is both a latch for tank removal when pushed in one direction and an interlock

against removal when it is held in the other direction.

Exemplary Cleaning Systems
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[00128] Referring now to FIG. 2, the autonomous robot 100 includes a plurality of cleaning
modules supported on a chassis 200 for cleaning the substantially horizontal cleaning surface as
the robot is transported over the cleaning surface. The cleaning modules extend below the robot
chassis 200 to contact or otherwise operate on the cleaning surface during cleaning operations.
More specifically, the robot 100 is configured with a first cleaning zone A for collecting loose
particulates from the cleaning surface and for storing the loose particulates in a receptacle carried
by the robot. The robot 100 is further configured with a second cleaning zone B that at least
applies a cleaning fluid onto the cleaning surface. The cleaning fluid may be clean water alone or
clean water mixed with other ingredients to enhance cleaning. The application of the cleaning
fluid serves to dissolve, emulsify or otherwise react with contaminants on the cleaning surface to
separate contaminants therefrom. Contaminants may become suspended or otherwise combined
with the cleaning fluid. After the cleaning fluid has been applied onto the surface, it mixes with
contaminants and becomes waste material, e.g. a liquid waste material with contaminants
suspended or otherwise contained therein.

[00129) The underside of the robot 100 is shown in FIG. 2 which depicts a first cleaning zone A
disposed forward of the second cleaning zone B with respect to the fore-aft axis 106.
Accordingly, the first cleaning zone A precedes the second cleaning zone B over the cleaning
surface when the robot 100 travels in the forward direction. The first and second cleaning zones
are configured with a cleaning width W that is generally oriented parallel or nearly parallel with
the transverse axis 108. The cleaning width W defines the cleaning width or cleaning footprint of
the robot. As the robot 100 advances over the cleaning surface in the forward direction, the
cleaning width is the width of cleaning surface cleaned by the robot in a single pass. Ideally, the
cleaning width extends across the full transverse width of the robot 100 to optimize cleaning
efficiency; however, in a practical implementation, the cleaning width is slightly narrower that
the robot transverse width due to spatial constraints on the robot chassis 200.

[00130] According to the present invention, the robot 100 traverses the cleaning surface in a
forward direction over a cleaning path with both cleaning zones operating simultaneously. In a
preferred embodiment, the nominal forward velocity of the robot is approximately 4.75 inches
per second however; the robot and cleaning devices may be configured to clean at faster and
slower forward velocities. In order to cover a room in adequate time, the range of reasonable

velocities is approximately 2 to 10 inches per second. The first cleaning zone A precedes the
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second cleaning zone B over the cleaning surface and collects loose particulates from the
cleaning surface across the cleaning width W. The second cleaning zone B applies cleaning fluid
onto the cleaning surface across the cleaning width W. The second cleaning zone may also be
configured to smear the cleaning fluid applied onto the cleaning surface to smooth the cleaning
fluid into a more uniform layer and to mix the cleaning fluid with contaminants on the cleaning
surface. The second cleaning zone B may also be configured to scrub the cleaning surface across
the cleaning width. The scrubbing action agitates the cleaning fluid to mix it with contaminants.
The scrubbing action also applies a shearing force against contaminants to thereby dislodge
contaminants from the cleaning surface. The second cleaning zone B may also be configured to
collect waste liquid from cleaning surface across the cleaning width. According to the invention,
a single pass of the robot over a cleaning path first collects loose particulates up from the
cleaning surface across the cleaning width and thereafter applies a cleaning fluid onto the
cleaning surface generally across the cleaning width W to interact with contaminants remaining
on the cleaning surface and may further apply a scrubbing action to dislodge contaminants from
the cleaning surface. A single pass of the robot 100 over a cleaning path may also smear the
cleaning fluid more uniformly on the cleaning surface. A single pass of the robot over a cleaning
path may also collect waste liquid up from the cleaning surface. The robot may, however, be
designed to leave a certain amount of fluid behind on each pass or on some passes (e.g., to
provide time for the cleaning liquid to work on dried material or stubborn stains).

[00131] In general, the cleaning robot 100 is configured to clean uncarpeted indoor hard floor
surface, e.g. floors covered with tiles, wood, vinyl, linoleum, smooth stone or concrete and other
manufactured floor covering layers that are not overly abrasive and that do not readily absorb
liquid. Other embodiments, however, may be adapted to clean, process, treat, or otherwise
traverse abrasive, liquid-absorbing, and other surfaces. In addition, in a preferred embodiment of
the present invention, the robot 100 is configured to autonomously transport over the floors of
small enclosed furnished rooms such as are typical of residential homes and smaller commercial
establishments. The robot 100 is not required to operate over predefined cleaning paths but may
move over substantially all of the cleaning surface area under the control of various transport
algorithms designed to operate irrespective of the enclosure shape or obstacle distribution. In
particular, the robot 100 of the present invention moves over cleaning paths in accordance with
preprogrammed procedures implemented in hardware, software, firmware, or combinations

thereof to implement a variety of modes, such as three basic operational modes, i.e., movement
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patterns, that can be categorized as: (1) a “spot-coverage” mode; (2) a “wall/obstacle following”
mode; and (3) a “bounce” mode. In addition, the robot 100 is preprogrammed to initiate actions
based upon signals received from sensors incorporated therein, where such actions include, but
are not limited to, implementing one of the movement patterns above, an emergency stop of the
robot 100, or issuing an audible alert. These operational modes of the robot of the present
invention are specifically described in U.S. Pat. No. 6,809,490, by Jones et al., entitled, Method
and System for Multi-Mode Coverage for an Autonomous Robot, the entire disclosure of which
is herein incorporated by reference it its entirety. However, the present disclosure also describes
alternative operational modes.

[00132] In one embodiment, the robot 100 is configured to clean approximately 150 square feet
of cleaning surface in a single cleaning operation. A larger or smaller tank may permit this to
range from 100 square feet to 400 square feet. The duration of the cleaning operation is
approximately 45 minutes in certain embodiments. The example of 45 minutes is with a single
battery. In embodiments with smaller, larger, or 2 or more batteries on board, the cleaning time
may range from about 20 minutes to up to about 2 hours. Accordingly, the robot systems are
configured (physically, and as programmed) for unattended autonomous cleaning for 45 minutes
or more without the need to recharge a power supply, refill the supply of cleaning fluid or empty
the waste materials collected by the robot. Although certain embodiments of the robot are
designed for a small area rooms, there is no minimum square footage or cleaning time. A robot
according to the invention could be configured with a tank of virtually any size.

[00133] As shown in FIG. 2 and 3 the robot 100 includes a plurality of subsystems mounted to a
robot chassis 200. The major robot subsystems are shown schematically in FIG. 4 which depicts
a master control module 300 interconnected for two-way communication with each of a plurality
of other robot subsystems. The interconnection of the robot subsystems is provided via network
of interconnected wires and or conductive elements, e.g. conductive paths formed on an
integrated printed circuit board or the like, as is well known. The master control module 300 at
least includes a programmable or preprogrammed digital data processor, e.g. a microprocessor,
for performing program steps, algorithms and or mathematical and logical operations as may be
required. The master control module 300 also includes a digital data memory in communication
with the data processor for storing program steps and other digital data therein. The master
control module 300 also includes one or more clock elements for generating timing signals as

may be required.
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[00134] A power module 310 delivers electrical power to all of the major robot subsystems. The
power module includes a self-contained power source atached to the robot chassis 200, e.g. a
rechargeable battery, such as a nickel metal hydride battery, or the like. In addition, the power
source is configured to be recharged by any one of various recharging elements and or
recharging modes, or the battery may be replaced by a user when it becomes discharged or
unusable. The master control module 300 may also interface with the power module 310 to
control the distribution of power, to monitor power use and to initiate power conservation modes
as required.

[00135] The robot 100 may also include one or more interface modules or elements 320. Each
interface module 320 is attached to the robot chassis to provide an interconnecting element or
port for interconnecting with one or more external devices. Interconnecting elements and ports
are preferably accessible on an external surface of the robot. The master control module 300 may
also interface with the interface modules 320 to control the interaction of the robot 100 with an
external device. In particular, one interface module element is provided for charging the
rechargeable battery via an external power supply or power source such as a conventional AC or
DC power outlet. Another interface module element may be configured for one or two way
communications over a wireless network and further interface module elements may be
configured to interface with one or more mechanical devices to exchange liquids and loose
particulates therewith, e.g. for filling a cleaning fluid reservoir or for draining or emptying a
waste material container.

[00136] Accordingly, the interface module 320 may comprise a plurality of interface ports and
connecting elements for interfacing with active external elements for exchanging operating
commands, digital data and other electrical signals therewith. The interface module 320 may
further interface with one or more mechanical devices for exchanging liquid and or solid
materials therewith. The interface module 320 may also interface with an external power supply
for charging the robot power module 310. Active external devices for interfacing with the robot
100 may include, but are not limited to, a floor standing docking station, a hand held remote
control device, a local or remote computer, a modem, a portable memory device for exchanging
code and or data with the robot and a network interface for interfacing the robot 100 with any
device connected to the network. In addition, the interface module 320 may include passive
elements such as hooks and or latching mechanisms for attaching the robot 100 to a wall for

storage or for attaching the robot to a carrying case or the like.



10

15

20

25

30

WO 2006/089307 PCT/US2006/006550

-33-

[00137] In particular, an active external device according to one aspect of the present invention
confines the robot 100 in a cleaning space such as a room by emitting radiation in a virtual wall
pattern. The robot 100 is configured to detect the virtual wall pattern and is programmed to treat
the virtual wall pattern as a room wall so that the robot does not pass through the virtual wall
pattern. This particular aspect of the present invention is specifically described in U.S. Pat. No.
6,690,134 by Jones et al., entitled Method and System for Robot Localization and Confinement,
the entire disclosure of which is herein incorporated by reference it its entirety.

[00138] Another active external device according to a further aspect of the present invention
comprises a robot base station used to interface with the robot. The base station may comprise a
fixed unit connected with a household power supply, e.g. and AC power wall outlet and or other
household facilities such as a water supply pipe, a waste drain pipe and a network interface.
According to invention, the robot 100 and the base station are each configured for autonomous
docking and the base station may be further configured to charge the robot power module 310
and to service the robot in other ways. A base station and autonomous robot configured for
autonomous dockihg and for recharging the robot power module is specifically described in U.S.
Patent App. Ser. No 10/762,219, by Cohen, et al., filed on January 21, 2004, entitled
Autonomous Robot Auto-Docking and Energy Management Systems and Methods, the entire
disclosure of which is herein incorporated by reference it its entirety.

[00139] The autonomous robot 100 includes a self-contained motive transport drive subsystem
900 which is further detailed below. The transport drive 900 includes three wheels extending
below the chassis 200 to provide three points of rolling support with respect to the cleaning
surface. A nose wheel is attached to the robot chassis 200 at a forward edge thereof, coaxial with
the fore-aft axis 106, and a pair of drive wheels attached to the chassis 200 aft of the transverse
axis 108 and rotatable about a drive axis that is parallel with the transverse axis 108. Each drive
wheel is separately driven and controlled to advance the robot in a desired direction. In addition,
each drive wheel is configured to provide sufficient drive friction as the robot operates on a
cleaning surface that is wet with cleaning fluid. The nose wheel is configured to self align with
the direction of travel. The drive wheels may be controlled to move the robot 100 forward or aft
in a straight line or along an arcuate path.

[00140] The robot 100 further includes a sensor module 340. The sensor module 340 comprises
a plurality of sensors attached to the chassis and or integrated with robot subsystems for sensing

external conditions and for sensing internal conditions. In response to sensing various conditions,
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the sensor module 340 may generate electrical signals and communicate the electrical signals to
the control module 300. Individual sensors may perform such functions as detecting walls and
other obstacles, detecting drop offs in the cleaning surface, called cliffs, detecting dirt on the
floor, detecting low battery power, detecting an empty cleaning fluid container, detecting a full
waste container, measuring or detecting drive wheel velocity distance traveled or slippage,
detecting nose wheel rotation or cliff drop off, detecting cleaning system problems such rotating
brush stalls or vacuum system clogs, detecting inefficient cleaning, cleaning surface type, system
status, temperature, and many other conditions. In particular, several aspects of the sensor
module 340 of the present invention as well as and its operation, especially as it relates to
sensing external elements and conditions are specifically described in U.S. Patent No. 6,594,844,
by Jones, entitled Robot Obstacle Detection System, and U.S. Patent Application Serial No.
11/166,986, by Casey et al., filed on June 24, 2005, entitled Obstacle Following Sensor Scheme
for a Mobile Robot, the entire disclosures of which are herein incorporated by reference it their
entireties.

[00141] One difference between the present robot and either the dry vacuum robot or the large
industrial cleaner is the proximity of the control and sensor components to the wet cleaning
components. In most dry vacuuming robots, none of the sensors or control elements are prone to
being wet by water or by more damaging cleaning fluids or solvents, because no wet cleaners are
used and no waste fluid is generated. With a large industrial cleaner, the controls and sensors can
be placed as far as necessary from the cleaning elements, perhaps a few feet away, and the only
sensors that need accommodate wetness are those for sensing fluid levels.

[00142] The present invention is contemplated for household use (commercial and industrial use
is also contemplated, but these environments may require larger versions of the robot).
Accordingly, a household robot should be small and squat, e.g., less than 4 inches from the
ground, and around a foot in diameter. Much of the volume is occupied by fluid brushing,
spinning, spraying, and blowing devices, and fluid and/or foam penetrates most parts of the robot
at one time or another. At most, the control and sensor electronics will be a few inches from the
nearest fluid or foam torrent.

[00143] Accordingly, the invention contemplates that the entire main control board will be fluid
sealed, either in a water resistant or waterproof housing having at least JIS grade 3 (mild spray)
water/fluid resistance, but grade 5 (strong spray) and grade 7 (temporary immersion) are also

desirable. The main control board should be sealed in a JIS grade 3-7 housing (1) by a screwed-
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down and gasketed cover over the main housing; (2) by a welded, caulked, sealed, or glued cover
secured to the main housing; (3) by being pre-assembled in a water resistant, water-tight, water-
proof, or hermetically sealed compartment or module; or (4) by being positioned in a volume
suitable for potting or pre-potted in resin or the like.

[00144) Many sensor elements have a local small circuit board, sometimes with a local
microprocessor and/or A/D converter and the like, and these components are often sensitive to
fluids and corrosion. The invention also contemplates that any sensor circuit boards distributed
throughout the body of the robot will also be sealed in a JIS grade 3-7 housing in a similar
manner. The invention also contemplates that multiple circuit boards, including at least the main
circuit board and one remote circuit board several inches from the main board, may be sealed by
a single matching housing or cover. For example, all or some of the circuit boards could be
arranged in a single plastic or resin module having extensions which reach to local sensor sites,
and a distributed cover could be secured over all of the circuit boards. In addition, exposed
electrical connections and terminals of sensors, motors, or communication lines can be sealed in
a similar manner, with covers, modules, potting, shrink fit, gaskets, or the like. In this manner,
substantially the entire electrical system is fluid-sealed and/or isolated from spraying or foaming
liquid. Any and all electrical or electronic elements defined herein as a circuit board, PCB,
detector, sensor, etc., are candidates for such sealing.

[00145] The robot 100 may also include a user control module 330. The user control module
330 provides one or more user input interfaces that generate an electrical signal in response to a
user input and communicate the signal to the master control module 300. In one embodiment of
the present invention, the user control module, described above, provides a user input interface,
however, a user may enter commands via a hand held remote control device, a programmable
computer or other programmable device or via voice commands. A user may input user
commands to initiate actions such as power on/off, start, stop or to change a cleaning mode, set a
cleaning duration, program cleaning parameters such as start time and duration, and or many
other user initiated commands. User input commands, functions, and components contemplated
for use with the present invention are specifically described in U.S. Patent Application Serial No.
11/166,891, by Dubrovsky et al., filed on June 24, 2005, entitled Remote Control Séheduler and
Method for Autonomous Robotic Device, the entire disclosure of which is herein incorporated

by reference it its entirety. Specific modes of user interaction are also described herein.
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Cleaning Zones

[00146] Referring now to FIG. 2, a bottom surface of a robot chassis 200 is shown in isometric
view. As shown therein, a first cleaning zone A is disposed forward of a second cleaning zone B
with respect to the fore-aft axis 106. Accordingly, as the robot 100 is transported in the forward
direction the first cleaning zone A precedes the second cleaning zone B over the cleaning
surface. Each cleaning zone A and B has a cleaning width W disposed generally parallel with the
transverse axis 108. Ideally, the cleaning width of each cleaning zone is substantially identical
however, the actual cleaning width of the cleaning zones A and B may be slightly different.
According to a preferred embodiment of the present invention, the cleaning width W is primarily
defined by the second cleaning zone B which extends from proximate to the right circumferential
edge of a bottom surface of the robot chassis 200 substantially parallel with the transverse axis
108 and is approximately 296 mm or 11.7 inches long, i.e., approximately 30 cm or 12 inches
long. By locating the cleaning zone B proximate the right circumferential edge, the robot 100
may maneuver its right circumferential edge close to a wall or other obstacle for cleaning the
cleaning surface adjacent to the wall or obstacle. Accordingly, the robot movement patterns
include algorithms for transporting the right side of the robot 100 adjacent to each wall or
obstacle encountered by the robot during a cleaning cycle. The robot 100 is therefore said to
have a dominant right side. Of course, the robot 100 could be configured with a dominant left
side instead. The first cleaning zone A is positioned forward of the transverse axis 108 and has a
slightly narrower cleaning width than the second cleaning zone B, simply because of the
circumference shape of the robot 100. However, any cleaning surface area not cleaned by the

first cleaning zone A is cleaned by the second cleaning zone B.
First Cleaning Zone or Dry Vacuum Cleaning

[00147] The first cleaning zone A is configured to collect loose particulates from the cleaning
surface. In a preferred embodiment, an air jet is generated by an air moving system which
includes an air jet port 554 disposed on a left edge of the first cleaning zone A. The air jet port
554 expels a continuous jet or stream of pressurized air therefrom. The air jet port 554 is oriented
to direct the air jet across the cleaning width from left to right. Opposed to the air jet port 554, an
air intake port 556 is disposed on a right edge of the first cleaning zone A. “Air intake port” as

used herein may mean “vacuum port,” “air inlet,” “negative pressure zone,” etc. The air moving
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system generates a negative air pressure zone in the conduits connected to the intake port 556,
which creates a negative air pressure zone proximate to the intake port 556. The negative air
pressure zone suctions loose particulates and air into the air intake port 556 and the air moving
system is further configured to deposit the loose particulates into a waste material container
carried by the robot 100. Accordingly, pressurized air expelled from the air jet port 554 moves
across the cleaning width within the first cleaning zone A and forces loose particulates on the
cleaning surface toward a negative air pressure zone proximate to the air intake port 556. The
loose particulates are suctioned up from the cleaning surface through the air intake port 556 and
deposited into a waste container carried by the robot 100. The first cleaning zone A is further
defined by a nearly rectangular channel formed between the air jet port 554 and the air intake
port 556. The channel is defined by opposing forward and aft walls of a rectangular recessed area
574, which is a contoured shape formed in the bottom surface of the robot chassis 200. The
forward and aft walls are substantially transverse to the fore-aft axis 106. The channel is further
defined by a first compliant “doctor” (air flow guide) blade 576, attached to the robot chassis
200, e.g. along the aft edge of the recessed area 574, and extending from the chassis bottom
surface to the cleaning surface.

[00148] The doctor air flow guide blade is mounted to make contact or near contact with the
cleaning surface. The doctor air flow guide blade 576 is preferably formed from a thin flexible
and compliant molded material e.g. a 1-2 mm thick bar shaped element molded from neoprene
rubber or the like. The doctor air flow guide blade 576, or at least a portion of the doctor air flow
guide blade, may be coated with a low friction material, e.g. a fluoropolymer resin for reducing
friction between the doctor air flow guide blade and the cleaning surface. The doctor air flow
guide blade 576 may be attached to the robot chassis 200 by an adhesive bond or by other
suitable means. Air guide blade 576, toward the rear of the robot, is angled with respect to the
direction of travel, by about 95-120 degrees from the direction of travel. The end of the blade
576 nearest the vacuum port 556 is farther toward the rear. Accordingly, debris will tend to move
along the angled blade 576 as the robot moves forward. As depicted in FIG. 2, angled guide
blade 578 points substantially toward the vacuum intake in such a manner that the vacuum intake
also draws air and debris along the forward side of the smaller angled guide blade 578. The small
dry vacuum blade is positioned to divert lighter objects, that would otherwise been blown past
the suction port, back towards the suction port to be injected. It also directs larger objects back

towards this port.
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[00149] The forward caster wheel, as shown in FIG. 2 near the front of the robot, is generally
restricted to 180 degrees of side to side travel. Certain embodiments may, however, benefit from
larger ranges of motion. For example, the criteria for ceﬁain embodiments of the forward caster
is either 360 degrees (free movement), or less than 180 degrees (limited but reversible
movement), but is typically 160-170 degrees for commercial embodiments. Certain ranges of
motion of the caster wheel may cause the wheel to lock up when in reverse travel.

[00150] The channel of the first cleaning zone A provides an increased volume between the
cleaning surface and the bottom surface of the robot chassis 200 local to the first cleaning zone
A. The increased volume guides airflow between the jet port 554 and the air intake port 556, and
the doctor air flow guide blade 576 prevents loose particulates and airflow from escaping the
first cleaning zone A in the aft direction. In addition to guiding the air jet and the loose
particulates across the cleaning width, the first doctor air flow guide blade 576 may also exert a
friction force against contaminants on the cleaning surface to help loosen contaminants from the
cleaning surface as the robot moves in the forward direction. The first compliant doctor air flow
guide blade 576 is configured to be sufficiently compliant to adapt its profile form conforming to
discontinuities in the cleaning surface, such a door jams, moldings, and trim pieces, without
hindering the forward travel of the robot 100.

[00151] A second compliant doctor air flow guide blade 578 may also be disposed in the first
cleaning zone A to further guide the air jet toward the negative pressure zone surrounding the air
intake port 554. The second compliant doctor air flow guide blade is similar in construction to
the first compliant doctor air flow guide blade 576 and attaches to the bottom surface of the robot
chassis 200 to further guide the air and loose particulates moving through the channel. In one
example, a second recessed area 579 is formed in the bottom surface of the chassis 200 and the
second compliant doctor air flow guide blade 576 protrudes into the first recessed area 574 at an
acute angle typically between 30-60° with respect to the traverse axis 108. The second compliant
air flow guide blade extends from the forward edge of the recessed area 574 and protrudes into
the channel approximately 1/3 to % of channel fore-aft dimension.

[00152] The first cleaning zone A traverses the cleaning surface along a cleaning path and
collects loose particulates along the cleaning width. By collecting the loose particulates prior to
the second cleaning zone B passing over the cleaning path, the loose particulates are collected
before the second cleaning zone applies cleaning fluid onto the cleaning surface. One advantage

of removing the loose particulates with the first cleaning zone is that the loose particulates are
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removed while they are still dry. Once the loose particulates absorb cleaning fluid applied by the
second cleaning zone, they are more difficult to collect. Moreover, the cleaning fluid absorbed
by the loose particulates is not available for cleaning the surface so the cleaning efficiency of the
second cleaning zone B may be degraded. The first cleaning zone generally saves a user the task
of sweeping before mopping, and is generally a pre-treatment, However, in an alternative
configuration, the first cleaning zone is a dry vacuum that may operate separate and apart from
the wet-cleaning functionality of the robot. Still further, in such a case, the first cleaning zone
may be provided with a rotating brush or counter-rotating brushes, or may use brushes only
rather than a brush and vacuum.

[00153] In another embodiment, the first cleaning zone may be configured with other cleaning
elements such as counter-rotating brushes extending across the cleaning width to flick loose
particulates into a receptacle. In another embodiment, an air moving system may be configured
to draw air and loose particulates up from the cleaning surface through an elongated air intake
port extending across the cleaning width. In particular, other embodiments usable to provide a
first cleaning zone according to the present invention are disclosed in US Patent No. 6,883,201,
by Jones et al. entitled Autonomous Floor-Cleaning Robot, the entire disclosure of which is
herein incorporated by reference it its entirety.

[00154] FIG. 22 depicts elements similar to those depicted in FIG. 3. Some alternative
terminology is used in the following description. The elements shown in FIG. 22 are the main
electrical board 300, a “cam” driven pump 706, the front caster 960, a stasis circuit board 300a
bearing IR “stasis” sensors and components (i.e., that detect when the front wheel does not rotate
along with the driven wheels, indicating the robot may be stuck), a reed switch PCB 300b, a
charging plug PCB 300c for receiving a battery charging cord, a battery contact blade 777 for
contact to the battery as it is placed into the robot body, a board gasket/seal 301 that lines the
edge of the board 300 and matches up with the cover to waterproof the board 300, a bumper 220,
the main chassis 200, the wet cleaning head motor and drivetrain 608 located substantially in line
with the wet cleaning head, a left drive train/wheel assembly 909 (showing biasing springs,
suspension, integrated planetary or other gear train), a right drive train/wheel assembly 908
(similarly arranged), a bifurcated dry vacuum duct and exhaust duct 517a, 517b, a replaceable
filter for the fan assembly (which should have small enough pores and a surface configured to
prevent both particulates and most water from entering the fan assembly), a first or left spray

nozzle 712, a second or right spray nozzle 714, a nozzle tube for the right spray nozzle, the fan
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assembly 502, the inner cover of the robot main body, and wire clips for securing the inner cover
to the chassis.

[00155] The stasis circuit board 300a, the reed switch PCB 300b, and the charging plug 300c are
parts that may or should be rendered water resistant or water proof by the structures described
herein. These PCBs, as shown in FIG. 22, tend to be located to support the associated sensor and
electronic parts.

[00156] The dry vacuum may be provided with a main cleaning brush to flick dirt into a small
dirt bin. This bin could be mounted forward of the brush or aft (with appropriate modifications
to the brush shroud). In addition to covering the floor with a thin sheet of water, which
evaporates and increases the relative humidity, the ducting for the vacuum exhaust may be
directed to constantly blow air across the water in the dirty or clean tank. The air leaving the
dirty or clean tank will tend to have higher relative humidity than the air entering it, further
increasing the humidity in the room, and if the cleaning fluid has added fragrance, this may be

blown into the room.

Second Cleaning Zone or Wet Cleaning Head

[00157] The second cleaning zone B includes a liquid applicator 700 (also or alternatively,
spray head and/or spreader) configured to apply a cleaning fluid onto the cleaning surface and
the cleaning fluid is preferably applied uniformly across the entire cleaning width. The liquid
applicator 700 is attached to the chassis 200 and includes at least one nozzle configured to spray
the cleaning fluid onto the cleaning surface. The second cleaning zone B may also include a
scrubbing module 600 (also or alternatively, a powered brush) for performing other cleaning
tasks across the cleaning width after the cleaning fluid has been applied onto the cleaning
surface. The scrubbing module 600 may include a smearing element disposed across the cleaning
width for smearing the cleaning fluid to distribute it more uniformly on the cleaning surface. The
second cleaning zone B may also include a passive or active scrubbing element, scrub brush,
wiper, or wipe cloth configured to scrub the cleaning surface across the cleaning width. The
second cleaning zone B may also include a second collecting apparatus (also or alternatively, wet
vacuum, directed at either a wet surface or a wet brush) configured to collect waste materials up
from the cleaning surface across the cleaning width, and the second collecting apparatus is

especially configured for collecting liquid waste materials.
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Liquid Applicator Module or Spray Head

[00158] The liquid applicator module 700, shown schematically in FIG. 5, is configured to
apply a measured volume of cleaning fluid onto the cleaning surface across the cleaning width.
“Liquid applicator module” as used herein, may mean “nozzle,” “spray head,” and/or “spreader
brush/wiper.” Additionally, the liquid applicator module may spray the floor directly, spray a
fluid-bearing brush or roller, or apply fluid by dripping or capillary action to the floor, brush,
roller, or pad. The liquid applicator module 700 receives a supply of cleaning fluid from a
cleaning fluid supply container S, carried on the chassis 200, and pumps the cleaning fluid
through one or more spray nozzles disposed on the chassis 200. The spray nozzles are attached to
the robot chassis 200 aft of the first cleaning zone A and each nozzle is oriented to apply
cleaning fluid onto the cleaning surface. In a preferred embodiment, a pair of spray nozzle are
attached to the robot chassis 200 at distal left and right edges of the cleaning width W. Each
nozzle is oriented to spray cleaning fluid toward the opposing end of the cleaning width. Each
nozzles is separately pumped to eject a spray pattern and the pumping stroke of each nozzle
occurs approximately 180 degrees out phase with respect to the other nozzle so that one of the
two nozzles is always applying cleaning fluid.

[00159] Referring to FIG. 5, the liquid applicator module 700 includes a cleaning fluid supply
container S, which is carried by the chassis 200 (and/or a compartment within an integrated tank)
and removable therefrom by a user to refill the container with cleaning fluid (alternatively, the
container S is refilled with water, cleaning concentrate being supplied from another compartment
or as a solid or powder). The supply container S is configured with a drain or exit aperture 702
formed through a base surface thereof. A fluid conduit 704 receives cleaning fluid from the exit
aperture 702 and delivers a supply of cleaning fluid to a pump assembly 706. The pump
assembly 706 includes left and right pump portions 708 and 710, driven by a rotating cam,
shown in FIG. 7. The left pump portion 708 pumps cleaning fluid to a left spray nozzle 712 via a
conduit 716 and the right pump portion 710 pumps cleaning fluid to a right spray nozzle 714 via
a conduit 718.

[00160] A stop valve assembly, shown in section view in FIG. 6, includes a female upper
portion 720, installed inside the supply container S, and a male portion 721 attached to the
chassis 200. The female portion 720 nominally closes and seals the exit aperture 702. The male
portion 721 opens the exit aperture 702 to provide access to the cleaning fluid inside the supply

container S. The female portion 720 includes an upper housing 722, a spring biased movable
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stop 724, a compression spring 726 for biasing the stop 724 to a closed position, and a gasket
728 for sealing the exit aperture 702. The upper housing 722 may also support a filter element
730 inside the supply container S for filtering contaminants from the cleaning fluid before the
fluid exits the supply container S.

[00161] The stop valve assembly male portion 721 includes a hollow male fitting 732 formed to
insert into the exit aperture 702 and penetrate the gasket 728. Insertion of the hollow male fitting
732 into the exit aperture 702 forces the movable stop 724 upward against the compression
spring 726 to open the stop valve. The hollow male fitting 732 is formed with a flow tube 734
along it central longitudinal axis and the flow tube 734 includes one or more openings 735 at its
uppermost end for receiving cleaning fluid into the flow tube 734. At its lower end, the flow tube
734 is in fluid communication with a hose fitting 736 attached to or integrally formed with the
male fitting 732. The hose fitting 736 comprises a tube element having a hollow fluid passage
737 passing therethrough, and attaches to hose or fluid conduit 704 that receives fluid from the
hose fitting 736 and delivers the fluid to the pump assembly 706. The flow tube 734 may also
include a user removable filter element 739 installed therein for filtering the cleaning fluid as it
exits the supply container S.

[00162] According to the invention, the stop valve male portion 721 is fixed to the chassis 200
and engages with the female portion 720, which is fixed to the container S. When the container S
is installed onto the chassis in its operating position the male portion 721 engages with the
female portion 720 to open the exit aperture 702. A supply of cleaning fluid flows from the
supply container S to the pump assembly 706 and the flow may be assisted by gravity or
suctioned by the pump assembly or both.

[00163] The hose fitting 736 is further equipped with a pair of electrically conductive elements,
not shown, disposed on the internal surface of the hose fitting fluid flow passage 737 and the pair
of conductive elements inside the flow chamber are electrically isolated from each other. A
measurement circuit, not shown, creates an electrical potential difference between the pair of
electrically conductive elements and when cleaning fluid is present inside the flow passage 737
current flows from one electrode to the other through the cleaning fluid and the measurement
circuit senses the current flow. When the container S is empty, the measurement circuit fails to
sense the current flow and in response sends a supply container empty signal to the master
controller 300. In response to receiving the supply container empty signal, the master controller

300 takes an appropriate action.
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[00164] The pump assembly 706 as depicted in FIG. 5 includes a left pump portion 708 and a
right pump portion 710. The pump assembly 706 receives a continuous flow of cléaning fluid
from the supply container S and alternately delivers cleaning fluid to the left nozzle 712 and the
right nozzle 714. FIG. 7 depicts the pump assembly 706 in section view and the pump assembly
706 is shown mounted on the top surface of the chassis 200 in FIG. 3. The pump assembly 706
includes cam element 738 mounted on a motor drive shaft for rotation about a rotation axis. The
motor, not shown, is rotates the cam element 738 at a substantially constant angular velocity
under the control of the master controller 300. However, the angular velocity of the cam element
738 may be increased or decreased to vary the frequency of pumping of the left and right spay
nozzles 712 and 714. In particular, the angular velocity of the cam element 738 controls the mass
flow rate of cleaning fluid applied onto the cleanings surface. According to one aspect of the
present invention, the angular velocity of the cam element 738 may be adjusted in proportion to
the robot forward velocity to apply a uniform volume of cleaning fluid onto the cleaning surface
irrespective of robot velocity. Alternately, changes in the angular velocity in the cam element
738 may be used to increase or decrease the mass flow rate of cleaning fluid applied onto the
cleanings surface as desired.

[00165] The pump assembly 706 includes a rocker element 761 mounted to pivot about a pivot
axis 762. The rocker element 761 includes a pair of opposed cam follower elements 764 on the
left side and 766 on the right side. Each cam follower 764 and 766 remains in constant contact
with a circumferential profile of the cam element 738 as the cam element rotates about its
rotation axis. The rocker element 761 further includes a left pump actuator link 763 and a right
pump actuator link 765. Each pump actuator link 763 and 765 is fixedly attached to a
corresponding left pump chamber actuator nipple 759 and a right pump chamber actuator nipple
758. As will be readily understood, rotation of the cam element 738 forces each of the cam
follower elements 764 and 766 to follow the cam circumferential profile and the motion dictated
by the cam profile is transferred by the rocker element 761 to each of the left and right actuator
nipples 759 and 758. As described below, the motion of the actuator nipples is used to pump
cleaning fluid. The cam profile is particularly shaped to cause the rocker element 761 to force the
right actuator nipple 758 downward while simultaneously lifting up on the left actuator nipple
759, and this action occurs during the first 180 degrees of cam. Alternately, the second 180
degrees of cam rotation causes the rocker element 761 to force the left actuator nipple 759

downward while simultaneously lifting up on the right actuator nipple 758.
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[00166] The rocker element 761 further includes a sensor arm 767 supporting a permanent
magnet 769 attached at its end. A magnetic field generated by the magnet 769 interacts with an
electrical circuit 771 supported proximate to the magnet 769 and the circuit generates signals
responsive to changes in the orientation of magnetic field. the signals are used to track the
operation of the pump assembly 706.

[00167] Referring to FIGS. 7 -9, the pump assembly 706 further comprises a flexible membrane
744 mounted between opposing upper and lower nonflexible elements 746 and 748 respectively.
Referring to the section view in FIG. 7 the flexible element 744 is captured between an upper
nonflexible element 746 and a lower nonflexible element 748. Each of the upper nonflexible
element 746, the flexible element 744 and the lower nonflexible element 748 is formed as a
substantially rectangular sheet having a generally uniform thickness. However, each element also
includes patterns of raised ridges depressed valleys and other surface coﬁtours formed on
opposing surfaces thereof. FIG. 8 depicts a top view of the flexible element 744 and FIG. 9
depicts a top view of the lower nonflexible element 748. The flexible element 744 is formed
from a flexible membrane material such as neoprene rubber or the like and the nonflexible
elements 748 and 746 are each formed from a stiff material nonflexible such as moldable hard
plastic or the like.

[00168] As shown in FIGS. 8 and 9, each of the flexible element 744 and the nonflexible
element 748 are symmetrical about a center axis designated E in the figure. In particular, the left
sides of each of the elements 746, 744 and 748 combine to form a left pump portion and the
rights side of each of the elements 746, 744 and 748 combine to form a right pump portion. The
left and right pump portions are substantially identical. When the three elements are assembled
together, the raised ridges, depressed valleys and surface contours of each element cooperate
with raised ridges depressed valleys and surface contours of the contacting surfaces of other of
the elements to create fluid wells and passageways. The wells and passageways may be formed
between the upper element 746 and the flexible element 744 or between the lower nonflexible
element 748 and the flexible element 744. In general, the flexible element 744 serves as a gasket
layer for sealing the wells and passages and its flexibility is used to react to changes in pressure
to seal and or open passages in response to local pressure changes as the pump operates. In
addition, holes formed through the elements allow fluid to flow in and out of the pump assembly
and to flow through the flexible element 744.
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[00169] Using the right pump portion by way of example, cleaning fluid is drawn into the pump
assembly through an aperture 765 formed in the center of the lower nonflexible element 748.
The aperture 765 receives cleaning fluid from the fluid supply container via the conduit 704. The
incoming fluid fills a passageway 766. Ridges 775 and 768 form a valley between them and a
mating raised ridge on the flexible 744 fills the valley between the ridges 775 and 768. This
confines the fluid within the passageway 766 and pressure seal the passageway. An aperture 774
passes through the flexible element 744 and is in fluid communication with the passageway 766.
When the pump chamber, described below, expands, the expansion decreases the local pressure,
which draws fluid into the passageway 776 through the aperture 774.

[00170] Fluid drawn through the aperture 774 fills a well 772. The well 772 is formed between
the flexible element 744 and the upper nonflexible element 746. A ridge 770 surrounds the well
772 and mates with a feature of the upper flexible element 746 to contain the fluid in the well
772 and to pressure seal the well. The surface of the well 772 is flexible such that when the
pressure within the well 772 decreases, the base of the well is lifted to open the aperture 774 and
draw fluid through the aperture 774. However, when the pressure within the well 772 increases,
due to contraction of the pump chamber, the aperture 774 is forced against a raised stop surface
773 directly aligned with the aperture and the well 772 act as a trap valve. A second aperture 776
passes through the flexible element 744 to allow fluid to pass from the well 772 through the
flexible element 744 and into a pump chamber. The pump chamber is formed between the
flexible element 744 and the lower nonflexible element 748.

[00171] Referring to FIG. 7, a right pump chamber 752 is shown in section view. The chamber
752 includes a dome shaped flexure formed by an annular loop 756. The dome shaped flexure is
a surface contour of the flexible element 744. The annular loop 756 passes through a large
aperture 760 formed through the upper nonflexible element 746. The volume of the pump
chamber is expanded when the pump actuator 765 pulls up on the actuator nipple 758. The
volume expansion decreases pressure within the pump chamber and fluid is drawn into the
chamber from the well 772. The volume of the pump chamber is decreased when the pump
actuator 765 pushes down on the actuator nipple 758. The decrease in volume within the
chamber increases pressure and the increased pressure expels fluid out of the pump chamber.
{00172] The pump chamber is further defined by a well 780 formed in the lower nonflexible
element 748. The well 780 is surrounded by a valley 784 formed in the lower nonflexible

element 748, shown in FIG. 9, and a ridge 778 formed on the flexible element 744 mates with
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the valley 784 to pressure seal the pump chamber. The pump chamber 752 further includes an
exit aperture 782 formed through the lower nonflexible element 748 and through which fluid is
expelled. The exit aperture 782 delivers fluid to the right nozzle 714 via the conduit 718. The
exit aperture 782 is also opposed to a stop surface which acts as a check valve to close the exit
aperture 782 when the pump chamber is decreased.

[00173] Thus according to the present invention, cleaning fluid is drawn from a cleaning supply
container S by action of the pump assembly 706. The pump assembly 706 comprises two
separate pump chambers for pumping cleaning fluid to two separate spray nozzles. Each pump

chamber is configured to deliver cleaning fluid to a single nozzle in response to a rapid increase

in pressure inside the pump chamber. The pressure inside the pump chamber is dictated by the

cam profile, which is formed to drive fluid to each nozzle in order to spray a substantially
uniform layer of cleaning fluid onto the cleaning surface. In particular, the cam profile is
configured to deliver a substantially uniform volume of cleaning fluid per unit length of cleaning
width W. In generally, the liquid applicator of the present invention is configured to apply
cleaning fluid at a volumetric rate ranging from about 0.2 to 5.0 ml per square foot, and
preferably in the range of about 0.6 -2.0 ml per square foot. However depending upon the
application, the liquid applicator of the present invention may apply any desired volumetric layer
onto the surface. In addition, the fluid applicator system of the present invention is usable to
apply other liquids onto a floor surface such as wax, paint, disinfectant, chemical coatings, and
the like.

[00174] As is further described below, a user may remove the supply container S from the robot
chassis and fill the supply container with a measured volume of clean water and a corresponding
measured volume of a cleaning agent. The water and cleaning agent may be poured into the
supply container S through a supply container access aperture 168 which is capped by a
removable cap 172, shown in FIG. 17. The supply container S is configured with a liquid volume
capacity of approximately 1100 ml (37 fluid ounces) and the desired volumes of cleaning agent
and clean water may be poured into the supply tank in a ratio appropriate for a particular

cleaning application.

Scrubbing Module, Powered Brush and/or Powered Wiper

[00175] The scrubbing module 600, according to a preferred embodiment of the present

invention, is shown in exploded isometric view in FIG. 10 and in the robot bottom view shown
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in FIG. 2. The scrubbing module 600 may be configured as a separate subassembly that attaches
to the chassis 200 but is removable therefrom, by a user, for cleaning or otherwise servicing the
cleaning elements thereof, Other arrangements can be configured without deviating from the
present invention. For example, in an alternate configuration, the upper wall of the scrubbing
module 600 would be essentially part of/integral with the robot main body, but the scrubbing
module would open as shown to permit cleaning of brush, squeegee, and internal cavity (in such
a case, “scrubbing module” remains appropriate terminology). A readily removable scrubbing
module may be referred to as a “cartridge,” e.g., scrubbing cartridge or cleaning head cartridge.
The scrubbing module 600 installs and latches into place within a hollow cavity 602, formed on
the bottom side of the chassis 200. A profile of the hollow cavity 602 is displayed on the right
side of the chassis 200 in FIG. 3. The cleaning elements of the scrubbing module 600 are
positioned aft of the liquid applicator module 700 to perform cleaning operations on a wet
cleaning surface.

[00176] In a preferred embodiment, the scrubbing module 600 includes a passive smearing or
spreading element (also, and alternatively, “spreader” or “spreader brush”) 612 attached to a
forward edge thereof and disposed across the cleaning width. The smearing or spreader brush
612 extends downwardly from the scrubbing module 600 and is configured to make contact or
near contact with the cleaning surface across the cleaning width. As the robot 100 is transported
in the forward direction the smearing brush 612 moves over the pattern of cleaning fluid applied
down by the liquid applicator and smears, or more uniformly spreads the cleaning fluid over the
cleaning surface. The smearing or spreader brush 612, shown in FIGS. 2 and 10, comprises a
plurality of soft compliant smearing bristles 614 with a first end of each bristle being captured in
a holder such as crimped metal channel, or other suitable holding element. A second end of each
smearing bristle 614 is free to bend as each bristle makes contact with the cleaning surface. The
length and diameter of the smearing or spreader bristles 614, as well as a nominal interference
dimension that the smearing bristles makes with respect to the cleaning surface may be varied to
adjust bristle stiffness and to thereby affect the smearing action. In a preferred embodiment of
the present invention the smearing or spreader 612 comprises nylon bristles with an average
bristle diameter in the range of about 0.05 -0.2 mm (0.002 -0.008 inches). The nominal length of
each bristle 614 is approximately 16 mm (0.62 inches) between the holder and the cleaning
surface and the bristles 614 are configured with an interference dimension of approximately 0.75

mm (0.03 inches). The smearing brush 612 may also wick up excess cleaning fluid applied to the
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cleaning surface and distribute the wicked up cleaning fluid to other locations. Of course, other
smearing elements or spreader brushes such as flexible compliant blade member a sponge
elements or a rolling member in contact with the cleaning surface are also usable. In the case
where evenly spaced multiple spray jets or nozzles direct fluid (spraying, dripping, or flowing) in
a regularly spaced pattern without a smearing brush, the evenly spaced multiple spray jets
function as a “spreader.”

[00177] The scrubbing module 600 may include a scrubbing element, scrub brush, wiper, or
wipe cloth e.g. 604; however, the present invention may be used without a scrubbing element.
The scrubbing element contacts the cleaning surface during cleaning operations and agitates the
cleaning fluid to mix it with contaminants to emulsify, dissolve or otherwise chemically react
with contaminants. The scrubbing element, scrub brush, wiper, or wipe cloth also generates a
shearing force as it moves with respect to the cleaning surface and the force helps to break
adhesion and other bonds between contaminants and the cleaning surface. In addition, the
scrubbing element may be passive element or an active and may contact the cleaning surface
directly, may not contact the cleaning surface at all or may be configured to be movable into and
out of contact with the cleaning surface.

[00178] In one embodiment according to the present invention, a passive scrubbing element,
scrub brush, wiper, or wipe cloth is attached to the scrubbing module 600 or other attaching
point on the chassis 200 and disposed to contact the cleaning surface across the cleaning width.
A force is generated between the passive scrubbing element and the cleaning surface as the robot
is transported in the forward direction. The passive scrubbing element, scrub brush, wiper, or
wipe cloth may comprise a plurality of scrubbing bristles held in contact with the cleaning
surface, a woven or nonwoven material, e.g. a scrubbing pad or sheet material held in contact
with the cleaning surface, or a compliant solid element such as a sponge or other compliant
porous solid foam element held in contact with the cleaning surface. In particular, a conventional
scrubbing brush, sponge, or scrubbing pad used for scrubbing may be fixedly attached to the
robot 100 and held in contact with the cleaning surface across the cleaning width aft of the liquid
applicator to scrub the cleaning surface as the robot 100 advances over the cleaning surface. In
addition, the passive scrubbing element may be configured to be replaceable by a user or to be
automatically replenished, e.g. using a supply roll and a take up roll for advancing clean

scrubbing material into contact with the cleaning surface.
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[00179] In another embodiment according to the present invention, one or more active
scrubbing elements are movable with respect to the cleaning surface and with respect to the robot
chassis. Movement of the active scrubbing elements increases the work done between scrubbing
element, scrub brush, wiper, or wipe cloths and the cleaning surface. Each movable scrubbing
element is driven for movement with respect to the chassis 200 by a drive module, also attached
to the chassis 200. Active scrubbing elements may also comprise a scrubbing pad or sheet
material held in contact with the cleaning surface, or a compliant solid element such as a sponge
or other compliant porous solid foam element held in contact with the cleaning surface and
vibrated by a vibrating backing element. Other active scrubbing elements may also include a
plurality of scrubbing bristles, and or any movably supported conventional scrubbing brush,
sponge, or scrubbing pad used for scrubbing or an ultra sound emitter may also be used to
generate scrubbing action. The relative motion between active scrubbing elements and the
chassis may comprise linear and or rotary motion and the active scrubbing elements may be
configured to be replaceable or cleanable by a user.

[00180] Referring now to FIGS. 10 -12 a preferred embodiment of present invention includes an
active scrubbing element. The active scrubbing element comprises a rotatable brush assembly
604 disposed across the cleaning width, aft of the liquid applicator nozzles 712, 714, for actively
scrubbing the cleaning surface after the cleaning fluid has been applied thereon. The rotatable
brush assembly 604 comprises a cylindrical bristle holder element 618 for supporting scrubbing
bristles 616 extending radially outward there from. The rotatable brush assembly 604 is
supported for rotation about a rotation axis that extends substantially parallel with the cleaning
width. The scrubbing bristles 616 are long enough to interfere with the cleaning surface during
rotation such that the scrubbing bristles 616 are bent by the contact with the cleaning surface.
[00181] Scrubbing bristles 616 are installed in the brush assembly in groups or clumps with
each clump comprising a plurality of bristles held by a single attaching device or holder. Clumps
locations are disposed along a longitudinal length of the bristle holder element 618 in a pattern.
The pattern places at least one bristle clump in contact with cleaning surface across the cleaning
width during each revolution of the rotatable brush element 604. The rotation of the brush
element 604 is clockwise as viewed from the right side such that relative motion between the
scrubbing bristles 616 and the cleaning surface tends to flick loose contaminants and waste
liquid in the aft direction. In addition, the friction force generated by clockwise rotation of the

brush element 604 tends drive the robot in the forward direction thereby adding to the forward
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driving force of the robot transport drive system. The nominal dimension of each scrubbing
bristles 616 extended from the cylindrical holder 618 causes the bristle to interfere with the
cleaning surface and there for bend as it makes contact with the surface. The interference
dimension is the length of bristle that is in excess of the length required to make contact with the
cleaning surface. Each of these dimensions plus the nominal diameter of the scrubbing bristles
616 may be varied to affect bristle stiffness and therefore the resulting scrubbing action.
Applicants have found that configuring the scrubbing brush element 604 with nylon bristles
having a bend dimension of approximately 16 -40 mm (0.62 -1.6 inches) a bristle diameter of
approximately 0.15 mm (0.006 inches) and an interference dimension of approximately 0.75 mm
(0.03 inches) provides good scrubbing performance. In another example, stripes of scrubbing
material may be disposed along a longitudinal length of the bristle holder element 618 in a
pattern attached thereto for rotation therewith. FIG. 23 depicts a second schematic exploded
isometric view of a cleaning head or scrubbing module similar to that depicted in FIGS. 10 and
11. In FIG. 23, the arrangement of top cover 638, static brush 614, cartridge body 634, squeegee
630, and spreader brush 604 may be more clearly seen. The top cover 638 and cartridge body
634 are pivotally joined by the metal rod 640; the double-helix brush 604 rests in the cartridge
body 634, yet is removable, and the squeegee 630 depicted in FIG. 23 is a one-piece squeegee

with channels therethrough for the vacuum to draw fluid.

Squeegee and Wet Vacuum Detail

[00182] The scrubbing module 600 may also include a second collecting apparatus (also and
alternatively, “wet vacuum”) configured to collect waste liquid from the cleaning surface across
the cleaning width. The second collecting apparatus is generally positioned aft of the liquid
applicator nozzles 712, 714, aft of the smearing brush, and aft of the scrubbing element. In a
preferred embodiment according to the present invention, a scrubbing module 600 is shown in
section view in FIG. 12A. The smearing element 612 is shown attached to the scrubbing module
at its forward edge and the rotatable scrubbing brush assembly 604 is shown mounted in the
center of the scrubbing module. Aft of the scrubbing brush assembly 604, a squeegee 630
contacts the cleaning surface across its entire cleaning width to collect waste liquid as the robot
100 advances in the forward direction. A vacuum system draws air in through ports in the
squeegee to suction waste liquid up from the cleaning surface. The vacuum system deposits the

waste liquid into a waste storage container carried on the robot chassis 200. The robot may
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alternatively recirculate all or part of the fluid, i.e., a portion of the waste fluid may be
scavenged, or the waste fluid may be returned to a single, clean/waste tank, either filtered or
unfiltered,

[00183] As detailed in the section view of FIG. 124, the squeegee 630 comprises a vertical
element 1002 and a horizontal element 1004. Each of the elements 1002 and 1004 are formed
from a substantially flexible and compliant material such as neoprene or other sponge rubber,
silicone or the like. A single piece squeegee construction is also usable. In a preferred
embodiment, the vertical element 1002 comprises a more flexible durometer material and is
more bendable and compliant than the horizontal element 1004. The vertical squeegee element
1002 contacts the cleaning surface at a lower edge 1006 or along a forward facing surface of the
vertical element 1002 when the vertical element is slightly bent toward the rear by interference
with the cleaning surface. The lower edge 1006 or forward surface remains in contact with the
cleaning surface during robot forward motion and collects waste liquid along the forward
surface. The waste liquid pools up along the entire length of the forward surface and lower edge
1006. The horizontal squeegee element 1004 includes spacer elements 1008 extending rear ward
form its main body 1010 and the spacer elements 1008 defined a suction channel 1012 between
the vertical squeegee element 1002 and the horizontal squeegee element 1004. The spacer
elements 1008 are discrete elements disposed along the entire cleaning width with open space
between adjacent spacer elements 1008 providing a passage for waste liquid to be suctioned
through.

[00184] A vacuum interface port 1014 is provided in the top wall of the scrubber module 600.
The vacuum port 1014 communicates with the robot air moving system and withdraws air
through the vacuum port 1014. The scrubber module 600 is configured with a sealed vacuum
chamber 1016, which extends from the vacuum port 1014 to the suction channel 1012 and
extends along the entire cleaning width. Air drawn from the vacuum chamber 1016 reduces the
air pressure at the outlet of the suction channel 1012 and the reduced air pressures draws in waste
liquid and air from the cleaning surface. The waste liquid drawing in through the suction channel
1012 enters the chamber 1016 and is suctioned out of the chamber 1016 and eventually deposited
into a waste material container by the robot air moving system. Each of the horizontal squeegee
element 1010 and the vertical squeegee element 1002 form walls of the vacuum chamber 1016

and the squeegee interfaces with the surrounding scrubbing module elements are configured to
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pressure seal the chamber 1016. In addition, the spacers 1008 are formed with sufficient stiffness
to prevent the suction channel 1012 from closing.

[00185] The squeegee vertical element 1002 includes a flexure loop 1018 formed at its mid
point. The flexure loop 1018 provides a pivot axis about which the lower end of the squeegee
vertical element can pivot when the squeegee lower edge 1006 encounters a bump or other
discontinuity in the cleaning surface. This also allows the edge 1006 to flex as the robot changes
travel direction. When the squeegee lower edge 1006 is free of the bump or discontinuity it
returns to its normal operating position. The waste liquid is further suctioned into the waste
liquid storage container, compartment, or tank as described below with respect to FIG. 10.
[00186] In an alternative shown in FIG. 12B, the second collecting apparatus comprises a
squeegee 630 interconnected with a vacuum system. The squeegee 630 collects waste liquid in a
liquid collection volume 676 formed between a longitudinal edge of the squeegee and the
cleaning surface as the robot 100 advances in the forward direction. The vacuum system
interfaces with the liquid collection volume to suction the waste liquid up from the cleaning
surface and deposit the waste liquid in a waste storage tank carried on the robot chassis 200. The
squeegee 630 is shown in FIG. 10 and in section view in FIG. 12B.

[00187] As shown in FIG. 12B, the squeegee 630 comprises a substantially flexible and
compliant element molded from a neoprene rubber, silicone rubber, or the like, attached to the
aft end of the scrubbing module 600 and disposed across the cleaning width. The squeegee
extends downward from the chassis 200 to make contact or near contact with the cleaning
surface. In particular, the squeegee 630 attaches to the aft edge of the scrubber module 600 at a
scrubber module lower housing element 634 and extends downwardly to contact or nearly
contact the cleaning surface. As shown in FIG. 12B, the squeegee 630 includes a substantially
horizontal lower section 652 that extends aft of and downwardly from the lower housing element
634 toward the cleaning surface. A forward edge of the squeegee horizontal lower section 652
includes a plurality of through holes 654, uniformly disposed across the cleaning width. Each of
the plurality of through holes 654 interfaces with a corresponding mounting finger 656 formed
on the lower housing element 634. The interlaced through holes 652 and mounting fingers 654
locate the forward edge of the squeegee 630 with respect to the lower housing 634 and an
adhesive layer applied between the interlaced elements fluid seals the squeegee lower housing

interface at the forward edge.
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[00188] The squeegee 630 in FIG. 12B is further configured with an aft section 658 that
attaches to an aft edge of the lower housing element 634 along the cleaning width. A plurality of
aft extending mounting fingers 660 are formed on the lower housing element 634 to receive
corresponding through holes formed on the squeegee aft section 658. The interlaced through
holes 662 and aft mounting fingers 660 locate the squeegee aft section 658 with respect to the
lower housing 634 and an adhesive layer applied between the interlaced elements fluid seals the
squeegee lower housing interface at the aft edge. Of course, any attaching means can be
employed.

[00189] As further shown in FIG. 12B, a vacuum chamber 664 is formed by surfaces of the
squeegee lower section 652, the squeegee aft section 658 and surfaces of the lower housing
element 634. The vacuum chamber 664 extends longitudinally along the squeegee and lower
housing interface across the cleaning width and is fluidly connected with a waste liquid storage
tank carried by the chassis by one or more fluid conduits 666, described below. In a preferred
embodiment of FIG. 12B, two fluid conduits 666 interface with the vacuum chamber 664 at
distal ends thereof. Each of the fluid conduits 666 couple to the vacuum chamber 664 via an
elastomeric sealing gasket 670. The gasket 670 installs in an aperture of the lower housing 634
and is held therein by an adhesive bond, interference fit or other appropriate holding means. The
gasket 670 includes an aperture passing therethrough and is sized to receive the fluid conduit 666
therein. The

outside wall of the conduit 666 is tapered to provide a lead in to the gasket 670. The conduit 666
is integral with the waste liquid storage container and makes a liquid gas tight seal with the
gasket 670 when fully inserted therein.

[00190] The squeegee of FIG. 12B includes a longitudinal ridge 672 formed at an interface
between the horizontal lower section 652 and the aft section 658 across the cleaning width. The
ridge 672 is supported in contact with, or nearly in contact with, the cleaning surface during
normal operation. Forward of the ridge 672 the horizontal lower section 652 is contoured to
provide the waste liquid collecting volume 674. A plurality of suction ports 668 extend from the
liquid collecting volume 674, through the squeegee horizontal lower section 652 and into the
vacuum chamber 664. When negative air pressure is generated within the vacuum chamber 664,
waste liquid is drawn up from the liquid collecting volume 674 into the vacuum chamber 664,
The waste liquid is further suctioned into the waste liquid storage container or tank as described

below.
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[00191] A third squeegee configuration is shown in FIGS. 42 through 45. FIG. 42 depicts a side
schematic view; FIG. 43 depicts a perspective view, FIG. 44 depicts another side schematic
view, and FIG. 45 depicts a third side schematic view. This squeegee is a split squeegee, where a
front crenellated panel provides separation to create vacuum channels, and a rear squeegee wiper
maintains ground contact and collects fluid for the vacuum. These members are placed on
different parts of the cleaning head, and match up when the cleaning head is closed.

[00192] As shown in FIG. 42, the cartridge housing or shroud opens about a hinge point 613 (to
the right, above the static brush 612). The static brush 612 (e.g., the spreader brush) is mounted
in the lower part of the shroud . The spinning brush 604 (e.g., the powered brush or wiper) is
supported by the lower part of the shroud as well. The front squeegee 1004 is attached to the
shroud bottom. As shown in FIG. 42, the front squeegee 1004 is shown in a position that it
would take if it did not contact the rear shroud, i.e., the front squeegee 1004 is either resilient or
biased toward the rear squeegee 1006, which is, in this case, a resilient elastomer. When the rear
squeegee 1006, which can be over-molded to the shroud top, is closed with the shroud top or
cover, the two squeegees settle into the operating position (shown in section in FIG. 44). The
rear squeegee 1006, which is resilient, is moved toward the rear, and the front squeegee 1004 is
Just slightly moved toward the front, sliding slightly along the rear squeegee 1006. The settled
position is slightly angled and provides the vacuum channels at just above the floor surface, with
sufficient floor contact of the rear squeegee 1006. As shown in FIG. 43, the front squeegee 1004
is formed as a crenellated panel angled from the vertical and extending along the working width,
the crenellated panel leading up to a flexure corner 1009 pointing upwards that also extends
along the working width, which turns the corner, then curves downward and forward and leads
into a horizontal panel for mounting. The crenellations or ribs 1008, visible in FIG. 43, maintain
a correct flow path between the leading squeegee 1004 and the trailing squeegee 1006, The
flexure angle provides a good range of motion and flexibility, from both fore and aft for the two
squeegees working together (as discussed herein, able to overcome obstacles the height of the
robot ground clearance).

[00193] The rear squeegee 1006, shown in section in FIG. 45, is about 1 mm thick (with other
dimensions as discussed herein) and includes a flat panel arranged vertically and extending along
the working width, a compliant element as a reverse C-curve flexure loop 1018, thinner than the
flat panel and also extending along the working width, and a snap retention feature 1019 (shown

retained in FIG..44). In the operating position, the rear squeegee 1006 bends generally between
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the snap retention element 1019 and the flat panel 1006, with much of the bending taking place
along the height of the C-curve flexure loop 1018. Other structures, such as hinges or different
materials, can be used as the compliant element and are considered to fall within this language.
The rear squeegee 1006 can be formed, as shown in FIG. 42, to extend all the way to the top and
over within the vacuum chamber. If through-holes are formed or made in the top rear squeegee
material, the entire rear squeegee can act as both a squeegee and as a seal for the wet vacuum
ports at the top of the wet vacuum chamber 1016, as the resilient rear squeegee material closely
meets the vacuum ducting as the cleaning head cartridge is matched to the robot. In other
circumstances, where the rear squeegee 1006 is formed from a different material than all or some
of the upper portion of the rear squeegee 1006, or where the rear squeegee 1006 does not extend
all the way to the top or around the vacuum chamber, alternative seals may be provided.

[00194] FIG. 44 in general shows the operating position, wherein the rear squeegee 1006 angles
back, and both flexure portions are positioned to permit flexure of the squeegee combination.
Although the rear squeegee 1006 is formed as a flat panel wall (and alternatives as discussed
herein) with a planar bottom, in the operating position as it is angled back by the front squeegee
1004, and a working edge, the edge of the wall and wall bottom, contacts the ground rather than
the planar bottom. The contact force, area, angle, flatness and edge profile of this contact is a
large contributor to the drag of the cleaning elements, and as discussed herein, is to be
maintained at a sufficiently low level of drag to permit traction while still enabling the
squeegeeing of water on flat or irregular surfaces.

[00195] One squeegee as described is split fore/aft for easy disassembly and cleaning. This
allows the user easily to remove the front and rear sections of the squeegee and associated
vacuum chamber, allows for easy removal of any blockage or obstruction such as will from time
to time be found in the vacuum path. It also allows the user to place the cleaning head in, for
example, a dishwasher to more thoroughly clean and sanitize it. However, the squeegee may be
alternatively split left/right as well. as the robot spins in place or turns, the squeegee can assume
a configuration in which one side is bent backward and one side is bent forward. The point at
which the bend switches from backward to forward can act as a more or less solid column under
the robot, tending to high center it and interfere with mobility. By providing a split in the center
of the squeegee, this tendency can be mitigated or eliminated, increasing mobility.

[00196] Referring to FIG. 10, the scrubbing module 600 is formed as a separate subsystem that

is removable from the robot chassis. The scrubbing module 600 includes support elements
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comprising a molded two-part housing formed by the lower housing element 634 and a mating
upper housing element 636. The lower and upper housing elements are formed to house the
rotatable scrubbing brush assembly 604 therein and to support it for rotation with respect to the
chassis. The lower and upper housing elements 634 and 636 are attached together at a forward
edge thereof by a hinged attaching arrangement. Each housing element 634 and 636 includes a
plurality of interlacing hinge elements 638 for receiving a hinge rod 640 therein to form the
hinged connection. Of course, other hinging arrangements can be used. The lower and upper
housing elements 634 and 636 form a longitudinal cavity for capturing the rotatable scrubbing
brush assembly 604 therein and may be opened by a user when the scrubbing module 600 is
removed from the robot 100. The user may then remove the rotatable scrubbing brush assembly
604 from the housing to clean it replace it or to clear a jam.

[00197] The rotatable scrubbing brush assembly 604 comprises the cylindrical bristle holder
618, which may be formed as a solid element such as a sold shaft formed of glass-filled ABS
plastic or glass-filled nylon. Alternately the bristle holder 618 may comprise a molded shaft with
a core support shaft 642 inserted through a longitudinal bore formed through the molded shaft.
The core support shaft 642 may be installed by a press fit or other appropriate attaching means
for fixedly attaching the bristle holder 618 and the core support shaft 642 together. The core
support shaft 642 is provided to stiffen the brush assembly 604 and is therefore formed from a
stiff material such as a stainless steel rod with a diameter of approximately 10 -15 mm (0.4 -0.6
inches). The core support shaft 642 is formed with sufficient stiffness to prevent excessive
bending of the cylindrical brush holder. In addition, the core support shaft 642 may be
configured to resist corrosion and or abrasion during normal use.

[00198] As noted herein a powered brush is employ;d. The brush itself is easily removable from
the cleaning head. This allows for the possibility for swapping in different brushes for special
situations without replacing the entire cleaning head. The invention contemplates a set of
brushes, each having differing physical structure (e.g., tight bristle spacing, loose, stiff bristle,
wipers and bristles, etc.) for wood flooring, grout lines, uneven floors, etc. Different bristle
compositions and configurations may be appropriate for different floor surfaces. Each tuft of
bristles can be composed of a different number and type of bristles. The size of the tuft and the
composition of the bristles impact its cleaning ability, energy consumption, and ability to handle

different floor textures, and fluid management. Setting tufts at a lateral angle — allows cleaning
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beyond the edge of the brush core, and setting tufts at a tangential angle allows bristle tips to
more aggressively strike the floor and reach deeper into cracks/grout lines.

[00199] The bristle holder 618 is configured with a plurality of bristle receiving holes 620 bored
or otherwise formed perpendicular with the rotation axis of the scrubbing brush assembly 604,
Bristle receiving holes 620 are filled with clumps of scrubbing bristles 616 which are bonded or
otherwise held therein. In one example embodiment, two spiral patterns of receiving holes 620
are populated with bristles 616. A first spiral pattern has a first clump 622 and a second clump
624 and subsequent bristle clumps follow a spiral path pattern 626 around the holder outside
diameter. A second spiral pattern 628 starts with a first clump 630 substantialty diametrically
opposed to the clump 622. Each pattern of bristle clumps is offset along the bristle holder
longitudinal axis to contact different points across the cleaning width. However, the patterns are
arranged to scrub the entire cleaning width with each full rotation of the bristle holder 618. In
addition, the pattern is arranged to fully contact only a small number of bristle clumps with
cleaning surface simultaneously, (e.g., two) in order to reduce the bending force exerted upon
and the torque required to rotate the scrubbing brush assembly 604. Of course, other scrubbing
brush configurations having different bristle patterns, materials and insertion angles are usable.
In particular, bristles at the right edge of the scrubbing element may be inserted at an angle and
made longer to extend the cleaning action of the scrubbing brush further toward the right edge of
the robot for cleaning near the edge of a wall.

[00200] The scrubbing brush assembly 604 couples with a scrubbing brush rotary drive module
606 which is shown schematically in FIG. 13. The scrubbing brush rotary drive module 606
includes a DC brush rotary drive motor 608, which is driven at a constant angular velocity by a
motor driver 650. The motor driver 650 is set to drive the motor 608 at a voltage and DC current
level that provides the desired angular velocity of the rotary brush assembly 604, which in one
embodiment is about 1500 RPM; values as low as about 500 RPM, and as high as about 3000
RPM are contemplated. The drive motor 608 is coupled to a mechanical drive transmission 610
that increases the drive torque and transfers the rotary drive axis from the drive motor 608, which
is positioned on the top side of the chassis 200, to the rotation axis of the scrubbing brush
assembly 604, which is positioned on a bottom side of the chassis 200. A drive coupling 642
extends from the mechanical drive transmission 610 and mates with the rotatable scrubbing
brush assembly 604 at its left end. The action of sliding the scrubber module 600 into the cavity
602 couples the left end of the rotatable brush assembly 604 with the drive coupling 642.
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Coupling of the rotatable brush assembly 604 aligns its left end with a desired rotation axis,
supports the left end for rotation, and delivers a rotary drive force to the left end. The right end of
the brush assembly 604 includes a bushing or other rotational support element 643 for

interfacing with bearing surfaces provided on the module housing elements 634, 636.

[00201] The scrubber module 600 further includes a molded right end element 644, which
encloses the right end of the module to prevent debris and spray from escaping the module. The
right end element 644 is finished on its external surfaces to integrate with the style and form of
adjacent external surfaces of the robot 100. The lower housing element 634 is configured to
provide attaching features for attaching the smearing brush 612 to its forward edge and for
attaching the squeegee 630 to its aft edge. A pivotal latching element 646 is shown in FIG. 10
and is used to latch the scrubber module 600 in its operating position when it is correctly
installed in the cavity 632. The latch 646 attaches to attaching features provided on the top side
of the chassis 200 and is biased into a closed position by a torsion spring 648. A latching claw
649 passes through the chassis 200 and latches onto a hook element formed on the upper housing
636. The structural elements of the wet cleaning module 600 may be molded from a suitable
plastic material such as a polycarbonate, ABS, or other materials or combinations of materials. In
particular, these include the lower housing 634, the upper housing 636, the right end element
644, and the latch 646.

Air Moving Subsystems or Vacuum & Blower Assembly

[00202] FIG. 14 depicts a schematic representation of a wet dry vacuum module 500 and its
interface with the cleaning elements of the robot 100. The wet dry vacuum module 500
interfaces with the first collecting apparatus to suction up loose particulates from the cleaning
surface and with the second collecting apparatus to suction up waste liquid from the cleaning
surface. The wet dry vacuum module 500 also interfaces with an integrated liquid storage
container 800 attached to the chassis 200 and deposits loose particulates and waste liquid into
one or more waste containers housed therein.

[00203] Referring to FIGS. 14 and 15, the wet dry vacuum module 500 comprises a single fan
assembly 502; however, two or more fans can be used without deviating from the present
invention. The fan assembly 502 includes a rotary fan motor 504, having a fixed housing 506
and a rotating shaft 508 extending therefrom. The fixed motor housing 506 attaches to the fan

assembly 502 at an external surface of a rear shroud 510 by threaded fasteners, or the like. The
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motor shaft 508 extends through the rear shroud 510 and a fan impeller 512 is attached to the
motor shaft 508 by a press fit, or by another appropriate attaching means, for causing the
impeller 512 to rotate with the motor shaft 508. A front shroud 514 couples with the rear shroud
510 for housing the fan impeller 512 in a hollow cavity formed between the front and rear
shrouds. The fan front shroud 514 includes a circular air intake port 516 formed integral
therewith and positioned substantially coaxial with a rotation axis of the motor shaft 508 and
impeller 512. The front and rear shrouds 510, 514 together form an air exit port 518 at a distal
radial edge of the fan assembly 502.

[00204] The fan impeller 512 generally comprises a plurality of blade elements arranged about a
central rotation axis thereof and is configured to draw air axially inward along its rotation axis
and expel the air radially outward when the impeller 718 is rotated. Rotation of the impeller 512
creates a negative air pressure zone, or vacuum, on its input side and a positive air pressure zone
at its output side. The fan motor 710 is configured to rotate the impeller 715 at a substantially
constant rate of rotational velocity, e.g. 14,000 RPM, which generates a higher air flow rate than
conventional fans for vacuum cleaners or wet vacuums. Rates as low as about 1,000 RPM and
as high as about 25,000 RPM are contemplated, depending on configuration of the fan. A
flywheel may be concentric with the fan impeller 715, especially if the fan is located close to the
center of gravity of the robot.

[00205] The air flow rate of the fan may range from about 60-100 CFM in free air and about 60
CFM in the robot, with approximately 60% of this flow rate is dedicated to the wet vac portion
of the robot. This percentage is adjustable, either manually by the user or during manufacture.
Adjustment of the airflow between the wet and dry vac systems would allow the user to
configure the user to address particular needs of certain applications. Additionally, a multi-stage
fan design could produce a similar air flow rate, but higher static pressure and velocity, which
helps to maintain flow. Higher velocity also enables the device to entrain dry particles and lift
and pull fluids. The multiple ribs and channels of the squeegee help to create areas of localized
high velocity for entraining particles. In one embodiment, total cross sectional area is 180 square
mm for each of the wet and dry vacuum (squeegee and suction port).

[00206] As shown in FIGS. 24 and 25, one example of an impeller 512 is a two stage fan
assembled from a base plate 512a having a hub or nose formed therein, and a vane assembly
512b, having an inducer 512c and exducer 512d formed therein. As shown in FIG. 24, the

inducer 512c includes forward curved inlet blades, which increase flow rate and efficiency over
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fan designs that do not use an inducer. The exducer blades are back swept and contribute to
centrifugal flow. Also, as shown in FIG. 24, specifically sized balancing pins 512e are positioned
at regular degreed intervals about the rim of the vane assembly 512b. The pins are used to assist
material removal for balancing as a fan assembly designed for sustained 14,000 RPM operation
of a plastic fan. Both the base plate S12b and vane assembly 512b are formed from resin or
plastic, and have various irregularities and density variations. After the base plate 512b and vane
assembly 512b are assembled, a balancing machine is used to identify a number of pins at
specific positions to remove in order to balance the impeller. As shown in FIGS. 15 and 26, the
impeller 512 is arranged within a scroll formed from the front and rear shrouds 512, 514. The
scroll is for static pressure recovery and flow collection for use in the “blow” portion of the dry
vacuum system. As shown in FIG. 26, a front scroll 514 and a rear scroll 510 are assembled
together to hold the impeller 512, a seal 516 sealing the inducer end of the impeller 512. The
impeller 512 provides vacuum for the wet and dry vacuum sections, and a part of the output is
split off to provide an air jet to the dry vacuum section. A bifurcator 515 splits a smaller portion
of the output air flow off using a rear duct 517b, while most of the output air flow is exhausted
via an exhaust duct and muffler. As shown in FIG. 26, a circuit board 504a for the fan motor 504
is placed near the fan motor. This circuit board is one that may be rendered water resistant or
waterproofed by the structures discussed herein.

[00207] With respect to the blower shown in FIGS. 24-26, the scroll design folds back in on
itself to allow a 30 percent larger impeller, without any loss in scroll volume while maintaining
the same package size. The inducer is the portion of the fan blade dedicated to inlet flow only.
Alternatively or in addition, a passive or active bypass system (e.g., a governor plus vane; or a
motorized actuator plus a vane) may be provided to balance the blower outlet to suction port
inlet flows for optimum performance over a variety of system conditions. A “moat” (i.e., a
channel or wall) is alternatively or addition, in front of impeller to prevent water from entering
impeller. The impeller used for air handling moves air through the system at considerable
velocity, which can lead to water being pulled out of the dirty tank, through the impeller, and
back to the floor. The moat is designed to prevent or limit this occurrence.

[00208] As shown in the FIGS., the main exhaust is in line with the cleaning head. In other
words, while the cleaning head extends to the edge of the dominant side of the robot, a space of
up to 1/5 of the robot is preserved beside the cleaning head on the robot diameter. As noted

above, the gear train and/or motor for the cleaning head powered brush or wiper may be placed
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in this space. Additionally, the main exhaust may be placed in this space. Placing the main
exhaust, which is quite strong (being most of the exhaust for the wet and dry vacuums, only a
part used to blow debris in the dry vacuum) along the line of the cleaning head prevents applied,
brushed, and/or wiped fluid from escaping the perimeter of the robot on the non-dominant side.
Additionally, it is a feature of the cleaning head that the cartridge housing is internally dry (not
connected to any fluid generating devices, and generally sealed against wetness), such that upon
removal of the cleaning head cartridge, the user is presented with dry surfaces for handling the
cleaning head. The exhaust also may be placed behind the cleaning head to assist in drying. In
such a case, the exhaust could be spread by appropriate ducts and channels.

[00209] As shown schematically in FIG. 14, a closed air duct or conduit 552 is connected
between the fan housing exit port 518 and the air jet port 554 of the first cleaning zone A and
delivers high pressure air to the air jet port 554. At the opposite end of the first cleaning zone A,
a closed air duct or conduit 558 connects the air intake port 556 with the integrated liquid storage
container module 800 at a container intake aperture 557. Integral with the integrated storage
container or tank 800, a conduit 832, detailed below, connects the container intake aperture 557
with a plenum 562. The plenum 562 comprises a union for receiving a plurality of air ducts
connected thereto. The plenum 562 is disposed above a waste storage container portion of the
integrated liquid storage container or tank module 800. The plenum 562 and waste container
portion are configured to deposit loose particulates suctioned up from the cleaning surface by the
air intake port 556 into the waste container. The plenum 652 is in fluid communication with the
fan intake port 516 via a closed air duct or conduit comprising a conduit 564, not shown,
connected between the fan assembly and a container air exit aperture 566. The container air exit
aperture 566 is fluidly connected with the plenum 562 by an air conduit 830 that is incorporated
within the integrated liquid storage tank module 800. Rotation of the fan impeller 512 generates
a negative air pressure or vacuum inside the plenum 560. The negative air pressure generated
within the plenum 560 draws air and loose particulates in from the air intake port 556.

[00210] As further shown schematically in FIG. 14, a pair of closed air ducts or conduits 666
interface with scrubbing module 600 of the second cleaning zone B. The air conduits 666, shown
in section view in FIG. 10 comprise external tubes extending downwardly from the integrated
liquid container module 800. The external tubes 666 insert into the scrubber module upper

housing gaskets 670.
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[00211] As shown in FIG. 14, conduits 834 and 836 fluidly connect each external tube 666 to
the plenum 652. Negative air pressure generated within the plenum 652 draws air from the
vacuum chamber 664 via the conduits 834, 836 and 666 to suction waste liquid from the cleaning
surface via the suction ports 668 passing from the vacuum chamber 664 to the waste liquid
collecting volume 674. The waste liquid is draw into the plenum 562 and deposited into the
waste liquid storage container.

[00212] Of course other wet dry vacuum configurations are contemplated without deviating
from the present invention. In one example, a first fan assembly may be configured to collect
loose particulates from the first cleaning zone and deposit the loose particulates in the first waste
storage container or tank and a second fan assembly may be configured to collect waste liquid
from the second cleaning zone and deposit the waste liquid into a second waste storage container
or tank. Integrated Liquid Storage Tank

[00213] Elements of the integrated liquid storage container module 800 are shown in FIGS. 1,
12, 14, 16 and 17. Referring to FIG. 16, the integrated liquid storage container 800 is formed
with at least two liquid storage container or tank portions. One container portion comprises a
waste container portion and the second container portion comprises a cleaning fluid storage
container or tank portion. In another embodiment of the present invention the two storage
containers are formed as an integral unit that is configured to attach to the chassis 200 and to be
removable from the chassis by a user to empty the waste container portion and to fill the cleaning
fluid container portion. In an alternate embodiment, the integrated storage containers can be ~
filled and emptied autonomously when the robot 100 is docked with a bas station configured for
transferring cleaning fluid and waste material to and from the robot 100. The cleaning fluid
container portion S comprises a sealed supply tank for holding a supply of the cleaning fluid.
The waste container portion W comprises a sealed waste tank for storing loose particulates
collected by the first collecting apparatus and for storing waste liquid collected by the second
collecting apparatus.

[00214] The waste tank D (or compartment D) comprises a first molded plastic element formed
with a base surface 804 and an integrally formed perimeter wall 806 disposed generally
orthogonal from the base surface 804. The base surface 804 is formed with various contours to
conform to the space available on the chassis 200 and to provide a detent area 164 that is used to
orient the integrated liquid storage container or tank module 800 on the chassis 200. The detent

164 includes a pair of channels 808 that interface with corresponding alignment rails 208 formed
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on a hinge element 202, attached to the chassis 200 and described below. The perimeter wall 806
includes finished external surfaces 810 that are colored and formed in accordance with the style
and form of other external robot surfaces. The waste tank D may also include a tank level sensor
housed therein and be configured to communicate a tank level signal to the master controller 300
when the waste tank D (or compartment D) is full. The level sensor may comprise a pair of
conductive electrodes disposed inside the tank and separated from each other. A measurement
circuit applies an electrical potential difference between the electrodes from outside the tank.
When the tank is empty no current flow between the electrodes. However, when both electrodes
are submerged in waste liquid, current flows through the waste liquid from one electrode to the
other. Accordingly, the electrodes may be located at positions with the tank for sensing the level
of fluid within the tank.

[00215] The cleaning fluid storage container or tank S is formed in part by a second molded
plastic element 812. The second molded element 812 is generally circular in cross-section and
formed with a substantially uniform thickness between opposing top and bottom surfaces. The
element 812 mates with the waste container perimeter wall 810 and is bonded or otherwise
attached thereto to seal the waste container , compartment, or tank D. The plenum 562 is
incorporated into the second molded element 812 and positioned vertically above the waste
container, tank D (or compartment D) when the cleaning robot is operating. The plenum 562
may also comprise a separate molded element.

[00216] The second molded element 812 is contoured to provide a second container portion for
holding a supply of cleaning fluid. The second container portion is formed in part by a
downwardly sloping forward section having an integrally formed first perimeter wall 816
disposed in a generally vertically upward direction. The first perimeter wall 816 forms a first
portion of an enclosing perimeter wall of the liquid storage container S. The molded element 812
is further contoured to conform to the space available on the chassis 200. The molded element
812 also includes the container air input aperture 840, for interfacing with first cleaning zone air
conduit 558. The molded element 812 also includes the container air exit aperture 838, for
interfacing with the fan assembly 502 via the conduit 564.

[00217] A molded cover assembly 818 attaches to the molded element 812. The cover assembly
818 includes a second portion of the supply tank perimeter wall formed thereon and provides a
top wall 824 of the supply tank enclosure. The cover assembly 818 attaches to the first perimeter

wall portion 816 and to other surfaces of the molded element 814 and is bonded or otherwise
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attached thereto to seal the supply container S. The supply container S may include a tank empty
sensor housed therein and be configured to communicate a tank empty signal to the master
controller 300 when the upper tank is empty.

[00218] The cover assembly 818 comprises a molded plastic cover element having finished
external surfaces 820, 822 and 824. The finished external surfaces are finished in accordance
with the style and form of other external robot surfaces and may therefore be colored and or
styled appropriately. The cover assembly 818 includes user access ports 166, 168 to the waste
container tank D to the supply container S, respectively. The cover assembly 818 also includes
the handle 162 and a handle pivot element 163 attached thereto and operable to unlatch the
integrated liquid storage tank 800 from the chassis 200 or to pick up the entire robot 100.
[00219] According to the invention, the plenum 562 and each of the air conduits 830, 832, 834
and 836 are inside the cleaning fluid supply container S and the interconnections of each of these
elements are liquid and gas sealed to prevent cleaning fluid and waste materials from being
mixed together. The plenum 562 is formed vertically above the waste container, compartment, or
tank D so that waste liquid waste and loose particulates suctioned into the plenum 562 will drop
into the waste tank D (or compartment D) under the force of gravity. The plenum side surfaces
828 include four apertures formed therethrough for interconnecting the plenum 562 with the four
closed air conduits interfaced therewith. Each of the four closed air conduits 830, 832, 834 and
836 may comprise a molded plastic fube element formed with ends configured to interface with
an appropriate mating aperture.

[00220] As shown in FIG. 16, the container air exit aperture 838 is generally rectangular and the
conduit 830 connecting the container air exit aperture 838 and the plenum 562 is shaped with a
generally rectangular end. This configuration provides a large area exit aperture 838 for
receiving an air filter associated therewith. The air filter is attached to the fan intake conduit 564
to filter air drawn in by the fan assembly 502. When the integrated storage tank 800 is removed
from the robot, the air filter remains attached to the air conduit 564 and may be cleaned in place
or removed for cleaning or replacement as required. The area of the air filter and the container
exit aperture 838 are formed large enough to allow the wet dry vacuum system to operate even
when up to about 50% or more of the air flow through the filter is blocked by debris trapped
therein.

[00221) FIG. 27 depicts a second schematic exploded isometric view showing elements of an

integrated tank similar to that of FIG. 16. FIG. 27 depicts many of the same or similar elements
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as FIG. 3. Some alternative terminology is used in the following description. The elements
shown in FIG. 27 are the handle, a manifold including plenum 830 and tubes 832, 834, 836 (in
this embodiment, the plenum and air flow conduits are all integral; in other embodiments, the air
flow conduits would be replaced with rubber guide tubes), a pump filter, and a magnet reed. FIG.
27 shows a D-shaped flexible rubber tank cap for the clean tank, a similar one for the waste tank
(these rubber tank caps include an inner circular seal that conforms to the shape of the tubes
leading to the compartments, and a D-shaped outer part that has a matching receiver in the tank
lid, as depicted in FIG. 27). When the tank is loaded in the clevis-like holder or pivot clamp, the
holder can assist in holding shut both of the D-shaped flexible rubber tank caps. The figure also
depicts the tank bottom (which forms the dirty compartment), the tank middle, and the tank top
(which forms the clean compartment). As show, the plenum and/or conduits for the dry and/or
wet vacuums extend through the clean tank. This would not generally be found in a larger
device, as a larger device would have space to arrange vacuum and/or other air flow conduits
outside clean or dirty water tanks. Alternatively, only some of the conduits for the vacuum could
extend through the clean tank (e.g., the wet only, the dry only, one wet and one dry), or some or
all of the conduits could extend through the dirty tank. Alternatively, one or more conduits could
extend through both tanks. Still further alternatively, the conduits could be formed in another
layer, i.e., be sandwiched between two tank middle plates. FIG. 27 also depicts an O-ring for
sealing the tank top to a tube passing from the tank top through the tank middie to the dirty
compartment. FIGS. 28-30 show a sealing flap 598, airfoil, foam/airflow wall, and ball 594
within the integrated tank 592. FIG. 31 is an isometric view of a foam blocking wall within the
integrated tank 592.

[00222] FIGS. 28-30 show a sealing flap 598, airfoil, foam/airflow wall, and ball 594 within the
integrated tank 592. FIG. 31 is an isometric view of a foam blocking wall within the integrated
tank 592.

[00223] As shown in FIG. 27, an aperture 562a at the bottom of the plenum (in this
embodiment, “bottom” refers to the operating orientation) permits particulates and waste water
to drop into the waste tank D. As shown in FIG. 16A, this aperture is relatively large. When the
tank or robot is lifted and leaves the operating orientation, collected waste must be retained in the
waste tank D to prevent it from entering the fan or escaping the waste tank to wet the user or
floor. As shown in FIGS. 28 - 30, a hinged flap 598 is provided to seal the aperture 562a.
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[00224] The hinged flap 598 is hinged at one side of the aperture 562a, and opens down. That is,
when the robot operates, the flap 598 is to be kept open, to permit waste to enter the waste tank
D. However, air flow passing over the flap 598 toward the vacuum side of the fan assembly 502
creates a low pressure region above the flap 598 (Venturi/Bernoulli Effect), which can tend to
pull up and close the flap in some operating conditions. An airfoil 596 attached to the flap 598
within the plenum 562 is introduced into this air flow, and the down-force effect of the airfoil
596 dominates the Bernoulli Effect, keeping the flap 598 open whenever significant air flow is
present. The airfoil 596 is shaped as a generally horizontal (and, in certain embodiments,
upswept) wing 596a mounted atop a vertical fin 596b, resembling a T assembly airplane tail. The
airfoil 596 is swept in a direction to create down-force or flap-opening force during robot
operation.

[00225] As shown in FIGS. 28 - 30, the hinged flap 598, however, is allowed to open no farther
than a ball 594. The ball 594 is provided below the flap 598 to close the flap 598 when the tank
or robot are moved from the operating orientation to a non-horizontal, vertical or partially
vertical orientation (e.g., when the tank alone or robot is being carried). Alternatively, the ball
594 may prevent the flap 598 from moving more than a predetermined distance away from the
aperture. Regardless of the degree of movement of the flap 598, the arrangement of the ball 594
and flap 598 provides for opening and closing the flap 598 at appropriate times. A downwardly
open upper cone 598a is formed in the bottom of the hinged flap, and an upwardly open lower
cone 592 is formed in the waste tank D. The walls of each cone are less than 45 degrees from
horizontal, the walls of the lower cone 592 being shallower than those of the upper cone 598a
and less than about 30 degrees from horizontal. In a normal operating orientation, the ball 594
rests in the lower cone 592, and waste drops through the aperture 562a and around the ball 594.
When the tank or robot are moved into any orientation other than horizontal, the ball 594 escapes
the shallow lower cone 592 and travels along the converging walls of the upper and lower cone,
pushing on and closing the flap 598. A matching lip seal 562b-598a around the aperture 562a
and flap 598 prevents waste from escaping the waste tank D when the flap 598 is closed by the
ball 594.

[00226] The vertical fin 596b, however, serves a purpose other than merely supporting the
airfoil(s) 596a. The vertical fin 596b forms a vertical wall that extends substantially across the
length of the flap 598. This wall begins at or near the entry of the wet vacuum conduit 832 and

dry vacuum conduits 834, 836 into the plenum 562, and separates the dry vacuum air stream(s)
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from the wet vacuum air stream across the length of the flap 598 as noted, as well as
substantially across the length of the plenum 562. Accordingly, particulates will generally tend
to remain dry while they drop into the waste tank D. The dry side air flow moves at higher speed
than the wet side air flow entering the plenum. Keeping foam on the low speed side helps the
foam move into the tank.

[00227] As shown in FIGS. 28 - 30, the flap-ball-airfoil arrangement uses gravity and existing
air flow to open and close the flap/aperture depending on circumstances, and generally avoids
issues of corrosion or collection of sludge, which could adversely affect more complex actuation.
The combination constitutes an aperture-closing member (the flap); a member that helps open
the flap during operation (the airfoil); and a member that helps close the flap when the robot is
moved to a non-operating position (the ball). It may not be necessary to close the flap when the
robot is not operating but remains horizontal, as gravity prevents the escape of waste fluid, and
there exists some advantage to keeping the flap open to permit fluid in the plenum to drip into
the waste tank after air flow stops. In cases where the flap should be closed during non-
operation, however, other mechanical means (including airfoils, springs, balls, or weights) could
close the flap as soon as air flow stops, e.g., a member that tends to close the flap except during
operation could also or alternatively be included. Unpowered, non-electrical actuation of such a
mechanism would require no independent power supply, and it is noted that the flap-ball-airfoil
combination is simple, robust, and durable. Regardless, electrical and/or fluid-powered actuators
still may be used in lieu of or in addition to mechanical devices such as airfoils, balls, springs
(including elastomers), and weights.

[00228] As shown in FIG. 31, one particular alternative technique for maintaining the flap
appropriately open or closed would employ a pendulum or plumb weight arranged to pull open,
or permit to open, the flap during operation and to swing to close the flap when the tank or robot
is moved to a non-horizontal orientation. The pendulum or plumb weight could either hang
freely from a position near the flap bottom, or could be attached to a relatively rigid multi-way
arm or “hat” angled from the pendulum “shaft,” the pendulum pivoting substantially about the
angle, preferably about a multi-way ball, shoulder, or loosely coupled axis that permits the arms
to tilt relative to the flap. One support that provides an appropriate axis is a conic shape with a
small hole at the point of the cone, the cone opening down, and the shaft of the pendulum being
relatively loose in the hole at the point of the cone. If the hat or arms are above the hole, and the

weight movable within the cone, the assembly will keep the arms horizontal until the robot or
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tank is moved away from the horizontal, in which case the pendulum shaft tilts inside the hole
and cone, at least one part of the hat or arms then pushing the flap closed. The flap can include a
seat for the hat or arms that is internally curved along the hat to permit clearance and free
movement as appropriate. The pendulum weight pivots the arms or hat so that the arms or hat are
substantially horizontal when the robot or tank is horizontal (pulling open or permitting the
relatively compliant flap to open when the robot or tank is horizontal) and at least one arm or
part of the hat pushes the flap against the seal when the robot or tank is not horizontal (pushing
the relatively compliant flap closed in the vertical or non-horizontal orientation). The pendulum
weight should move freely, and can be positioned as far as possible from the flap (proximate the
far walls of the tank) to provide a longer moment arm.

[00229] FIG. 32 is an isometric view of a foam blocking wall 580 within the integrated tank D.
As noted herein, a waste fluid (WTF) sensor is used at the top of the waste fluid tank. The waste
ﬂpid sensor is conductive, and when waste fluid reaches the top of the tank, a current may pass
between two wire probes at the top of the compartment, indicating via a visible or audible signal
emitted from the robot that the waste compartment is full. During cleaning, however, depending
on the cleaning fluid and what has been cleaned, foam may build up in the waste fluid
compartment and, as foam can conduct a current, give a false positive reading on the waste fluid
full sensor. The foam tends to be generated before, or during entry of waste fluid into the
aperture or entrance port to the waste compartment. As shown in FIG. 32, a wall is provided
between an isolated section 579 of the waste fluid compartment (in which one or both of the
probes are located) and the remainder of the tank D. The wall 580 includes a gap or fluid
entrance port 578 at the bottom of the tank D, but otherwise is a complete wall isolating the
probe chamber 579, with sufficient air flow allowed to enable water to easily enter the chamber,
and subsequently rise therein. Foam can exist in the main chamber D, but does not transfer to the
isolated probe chamber 579, which remains generally foam free. Accordingly, the sensor does
not generally register the presence of foam in this configuration.

[00230] Returning to FIGS. 16 and 28, each of the container apertures 840 and 838 are
configured with a gasket, not shown, positioned external to the container aperture. The gaskets
provide substantially airtight seals between the container assembly 800 and the conduits 564 and
558. In one embodiment, the gaskets remain affixed to the chassis 200 when the integrated liquid
supply container 800 is removed from the chassis 200. The seal is formed when the container

assembly 800 is latched in place on the robot chassis. In addition, some of the container
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apertures may include a flap seal or the like for preventing liquid from exiting the container
while it is carried by a user. The flap seal remains attached to the container.

[00231] FIG. 28 shows that the air conduits are connected to the plenum with flexible (e.g.,
elastomer) tubes. These tubes help account for the stack-up of manufacturing tolerances.
Alternatively, as discussed herein, the entire set of plenum and conduits may be formed as an,
e.g., blow-molded or other unit; or the plenum and conduits may be matching top and bottom
injection or other molded units.

[00232] Thus according to the present invention, the fan assembly 502 generates a negative
pressure of vacuum which evacuates air conduit 564, draws air through the air filter disposed at
the end of air conduit 564, evacuates the fan intake conduit 830 and the plenum 562. The
vacuum generated in the plenum 562 draws air from each of the conduits connected thereto to
suction up loose particulates proximate to the air intake port 556 and to draw waste liquid up
from the cleaning surface via the air conduits 834, 836 and 666, and via the vacuum chamber
664 and the suction ports 668. The loose particulates and waste liquid are drawn into the plenum
562 and fall into the waste container, compartment, or tank D.

[00233] Referring to FIGS. 1, 3, 16 and 17 the integrated liquid storage container or tank 800
attaches to a top side of the robot chassis 200 by a hinge element 202, The hinge element 202 is
pivotally attached to the robot chassis 200 at an aft edge thereof, The liquid storage container
800 is removable from the robot chassis 200 by a user and the user may fill the cleaning fluid
supply container S with clean water and a measured volume of cleaning fluid such as soap or
detergent. The user may also empty waste from the waste container, compartment ,or tank D and
flush out the waste container if needed.

[00234] To facilitate handling, the integrated liquid storage tank 800 includes a user graspable
handle 162 formed integral with the cover assembly 818 at a forward edge of the robot 100. The
handle 162 includes a pivot element 163 attached thereto by a hinge arrangement to the cover
assembly 818. In one mode of operation, a user may grasp the handle 162 to pick up the entire
robot 100 thereby. In a preferred embodiment, the robot 100 weights approximately 3-5 kg, (6.6
~11 pounds), when filled with liquids, and can be easily carried by the user in one hand.

[00235] In a second mode of operation, the handle 162 is used to remove the integrated tank 800
from the chassis 200. In this mode, the user presses down on an aft edge of the handle 162 to
initially pivot the handle downward. The action of the downward pivot releases a latching

mechanism, not shown, that attaches a forward edge of the liquid storage container or tank 800
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to the robot chassis 200. With the latching mechanism unlatched the user grasps the handle 162
and lifts vertically upwardly. The lifting force pivots the entire container assembly 800 about a
pivot axis 204, provided by a hinge element which pivotally attached to the aft edge of the
chassis 200. The hinge element 202 supports the aft end of the integrated liquid storage container
800 on the chassis 200 and further lifting of the handle rotates the hinge element 202 to an open
position that facilities removal of the container assembly 800 from the chassis 200. In the open
position, the forward edge of the liquid storage container 800 is elevated such that further lifting
of the handle 162 lifts the liquid storage tank 800 out of engagement with the hinge element 202
and separates it from the robot 100.

[00236] As shown in FIG. 17, the integrated liquid storage container 800 is formed with
recessed aft exterior surfaces forming a detent area 164 and the detent area 164 is form matched
to a receiving area of the hinge element 202. As shown in FIG. 3, the hinge element receiving
area comprises a clevis-like cradle having upper and lower opposed walls 204 and 206 form
matched to engage with and orient the storage container or tank detent area 164. The alignment
of the detent area 164 and the hinge walls 204 and 206 aligns the integrated storage container
800 with the robot chassis 200 and with the latching mechanism used to attach the container
forward edge to the chassis 200. In particular, the lower wall 206 includes alignment rails 208
form-matched to mate with grooves 808 formed on the bottom side of the detent area 164. In
FIG. 3, the hinge element 202 is shown pivoted to a fully open position for loading and
unloading the storage container or tank 800. The loading and unloading position is rotated
approximately 75° from a closed or operating position; however, other loading and unloading
orientations are contemplateci. In the loading and unloading position, the storage container detent
area 164 is easily engaged or disengaged from the clevis-like cradle of the hinge element 202, As
shown in FIG. 1, the integrated liquid storage tank 800 and the hinge element 202 are configured
to provide finished external surfaces that integrate smoothly and stylishly with other external
surfaces of the robot 100. More importantly, as noted above, the integrated liquid storage tank
maximizes internal storage volume while permitting the robot to operate autonomously without
sharp edges or corners that catch on walls, corridors, obstacles, or room corners.

[00237] Two access ports are provided on an upper surface of the liquid storage container or
tank 800 in the detent area 164 and these are shown in FIGS. 16 and 17. The access ports are
located in the detent area 164 so as to be hidden by the hinge element upper wall 204 when the
liquid storage tank assembly 800 is in installed in the robot chassis 200. A left access port 166
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provides user access to the waste container, compartment, or tank D through the plenum 562. A
right access port 168 provides user access to the cleaning fluid storage container S. The left and
right access ports 166, 168 are sealed by user removable tank caps that may be color or form

coded to be readily distinguishable.

Transport Drive System 900

[00238] In a preferred embodiment, the robot 100 is supported for transport over the cleaning
surface by a three-point transport system 900. The transport system 900 comprises a pair of
independent rear transport drive wheel modules 902 on the left side, and 904 on the right side,
attached to the chassis 200 aft of the cleaning modules. In a preferred embodiment, the rear
independent drive wheels 902 and 904 are supported to rotate about a common drive axis 906
that is substantially parallel with the transverse axis 108. However, each drive wheel may be
canted with respect to the transverse axis 108 such that each drive wheel has its own drive axis
orientation. The drive wheel modules 902 and 904 are independently driven and controlled by
the master controller 300 to advance the robot in any desired direction. The left drive module
902 is shown protruding from the underside of the chassis 200 in FIG. 3 and the right drive
module 904 is shown mounted to a top surface of the chassis 200 in FIG. 4. In a preferred
embodiment, each of the left and right drive modules 902 and 904 is pivotally attached to the
chassis 200 and forced into engagement with the cleaning surface by leaf springs 908, shown in
FIG. 3. The leaf springs 908 are mounted to bias the each rear drive module to pivot downwardly
toward the cleaning surface when the drive wheel goes over a cliff or is otherwise lifted from the
cleaning surface. A wheel sensor associated with each drive wheel senses when a wheel pivots
down and sends a signal to the master controller 300.

[00239] The drive wheels of the present invention are particularly configured for operating on
wet soapy surfaces. In particular, as shown in FIG. 20, each drive wheel 1100 comprises a cup
shaped wheel element 1102, which attaches to the a drive wheel module, 902 and 904. The drive
wheel module includes a drive motor and drive train transmission for driving the drive wheel for
transport. The drive wheel module may also include sensor for detecting wheel slip with respect
to the cleaning surface.

[00240] The cup shaped wheel elements 1102 is formed from a stiff material such as a hard
molded plastic to maintain the wheel shape and to provide stiffness. The cup shaped wheel

element 1102 provides an outer diameter 1104 sized to receive an annular tire element 1106
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thereon. The annular tire element 1106 is configured to provide a non-slip high friction drive
surface for contacting the wet cleaning surface and for maintaining traction on the wet soapy
surface.

[00241] In one embodiment, the annular tire element 1106 has an internal diameter 1108 of
approximately 37 mm and is sized to fit appropriately over the outer diameter 1104. The tire may
be bonded, taped or otherwise interference fit to the outer diameter 1104 to prevent slipping
between the tire inside diameter 1108 and the outside diameter 1104. The tire radial thickness
1110 is approximately 3 mm. The tire material is a chloroprene homopolymer stabilized with
thiuram disulfide black with a density of 14-16 pounds per cubic foot, or approximately 15
pounds per cubic foot foamed to a cell size of 0.1 mm plus or minus 0.02 mm. The tire has a
post-foamed hardness of about 69 to 75 Shore 00. The tire material is sold by Monmouth Rubber
and Plastics Corporation under the trade name DURAFOAM DK5151HD.

[00242] Other tire materials are contemplated, depending on the particular application,
including, for example, those made of neoprene and chloroprene, and other closed cell rubber
sponge materials. Tires made of polyvinyl chloride (PVC) and acrylonitrile-butadiene (ABS)
(with or without other extractables, hydrocarbons, carbon black, and ash) may also be used.
Additionally, tires of shredded foam construction may provide some squeegee-like functionality,
as the tires drive over the wet surface being cleaned. Tires made from materials marketed under
the trade names RUBATEX R411, R421, R428, R451, and R4261 (manufactured and sold by
Rubatex International, LLC); ENSOLITE (manufactured and sold by Armacell LLC); and
products manufactured and sold by American Converters/VAS, Inc.; are also functional
substitutions for the DURAFOAM DK5151HD identified above.

[00243] In certain embodiments, the tire material may contain natural rubber(s) and/or synthetic
rubber(s), for example, nitrile rubber (acrylonitrile), styrene-butadiene rubber (SBR), ethylene-
propylene rubber (EPDM), silicone rubber, fluorocarbon rubber, latex rubber, silicone rubber,
butyl rubber, styrene rubber, polybutadiene rubber, hydrogenated nitrile rubber (HNBR),
neoprene (polychloroprene), and mixtures thereof,

[00244] In certain embodiments, the tire material may contain one or more elastomers, for
example, polyacrilics (i.e. polyacrylonitrile and polymethylmethacrylate (PMMA)),
polychlorocarbons (i.e. PVC), polyfluorocarbons (i.e. polytetrafluoromethylene), polyolefins (i.e.
polyethylene, polypropylene, and polybutylene), polyesters (i.e. polyetheylene terephthalate and

polybutylene terephthalate), polycarbonates, polyamides, polyimides, polysulfones, and mixtures
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and/or copolymers thereof. The elastomers may include homopolymers, copolymers, polymer
blends, interpenetrating networks, chemically modified polymers, grafted polymers, surface-
coated polymers, and/or surface-treated polymers.

[00245] In certain embodiments, the tire material may contain one or more fillers, for example,
reinforcing agents such as carbon black and silica, non-reinforcing fillers, sulfur, cross linking
agents, coupling agents, clays, silicates, calcium carbonate, waxes, oils, antioxidants (i.e. para-
phenylene diamine antiozonant (PPDA), octylated diphenylamine, and polymeric 1,2-dihydro-
2,2 4-trimethylquinoline), and other additives.

[00246] In certain embodiments, the tire material may be formulated to have advantageous
properties, for example, desired traction, stiffness, modulus, hardness, tensile strength, impact
strength, density, tear strength, rupture energy, cracking resistance, resilience, dynamic
properties, flex life, abrasion resistance, wear resistance, color retention, and/or chemical
resistance (i.e. resistance to substances present in the cleaning solution and the surface being
cleaned, for example, dilute acids, dilute alkalis, oils and greases, aliphatic hydrocarbons,
aromatic hydrocarbons, halogenated hydrocarbons, and/or alcohols).

[00247] 1t is noted that cell size of the closed cell foam tir_es may impact functionality, in terms
of traction, resistance to contaminants, durability, and other factors. Cell sizes ranging from
approximately 20 pm to approximately 400 pm may provide acceptable performance, depending
on the weight of the robot and the condition of the surface being cleaned. Particular ranges
include approximately 20 pm to approximately 120 pm, with a mean cell size of 60 um, and
more particularly approximately 20 pm to approximately 40 pm, for acceptable traction across a
variety of surface and contaminant conditions.

[00248] In certain embodiments, the tires are approximately 13 mm wide, although wider tires
may provide additional traction. As indicated above, tires may be approximately 3 mm thick,
although tires of 4 mm — 5 mm in thickness or more may be utilized for increased traction.
Thinner tires of approximately 1-1/2 mm and thicker tires of approximately 4-1/2 mm may be
beneficial, depending on the weight of the robot, operating speed, movement patterns, and
surface textures. Thicker tires may be subject to compression set. If the cleaning robot is
heavier, larger tires may be desirable nonetheless. Tires with outer rounded or square edges may
also be employed.

[00249] To increase traction, the outside diameter of the tire can be siped. Siping generally

provides traction by (a) reducing the transport distance for fluid removal from the contact patch
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by providing a void for the fluid to move into, (b) allowing more of the tire to conform to the
floor, thereby increasing tread mobility, and (c) providing a wiping mechanism that aids in fluid
removal. In at least one instance, the term “siped” refers to slicing the tire material to provide a
pattern of thin grooves 1110 in the tire outside diameter. In one embodiment, each groove has a
depth of approximately 1.5 mm and a width or approximately 20 to 300 microns. The siping may
leave as little as 1/2 mm or less of tire base, for example, 3-1/2 mm deep siping on a 4 mm thick
tire. The groove pattern can provide grooves that are substantially evenly spaced apart, with
approximately 2 to 200 mm spaces between adjacent grooves. “Evenly spaced” may mean, in
one instance, spaced apart and with a repeating pattern, not necessarily that every siped cut is the
same distance from the next. The groove cut axis makes an angle G with the tire longitudinal
axis. The angle G ranges from about 10-50 degrees, in certain embodiments.

[00250] In other embodiments, the siping pattern is a diamond-shaped cross hatch at 3.5 mm
intervals, which may be cut at alternating 45 degree angles (+/- 10 degrees) from the rotational
axis. Substantially circumferential siping, siping that forces away liquid via channels, and other
siping patterns are also contemplated. Depth and angle of siping may be modified, depending on
particular applications. Moreover, while increased depth or width of siping may increase
traction, this benefit should be balanced against effecting the structural integrity of the tire foam.
In certain embodiments, for example, it has been determined that 3 mm — 4 mm thick tires with
diamond crossed siping at 7 mm intervals provides good tire traction. Larger tires may
accommodate a finer pattern, deeper siping, and/or wider siping. Additionally, particularly wide
tires or tires made from certain materials may not require any siping for effective traction. While
certain siping patterns may be more useful on wet or dry surfaces, or on different types of
surfaces, siping that provides consistent traction across a variety of applications may be the most
desirable for a general purpose robot cleaner.

[00251] The various tire materials, sizes, configurations, siping, etc., impact the traction of the
robot during use. In certain embodiments, the robot’s wheels roll directly through the spray of
cleaning solution, which effects the traction, as do the contaminants encountered during
cleaning. A loss of traction of the wheels may cause operating inefficiencies in the form of
wheel slippage, which can lead to the robot deviating from its projected path. This deviation can
increase cleaning time and reduce battery life. Accordingly, the robot’s wheels should be of a
configuration that provides good to excellent traction on all surfaces, with the smallest

corresponding motor size.
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[00252] Typical contaminants encountered during cleaning include chemicals, either discharged
by the robot or otherwise. Whether in a liquid state (e.g., pine oil, hand soap, ammonium
chloride, etc.) or a dry state (e.g., laundry powder, talcum powder, etc.), these chemicals may
break down the tire material. Additionally, the robot tires may encounter moist or wet food-type
contaminants (e.g., soda, milk, honey, mustard, egg, etc.), dry contaminants (e.g., crumbs, rice,
flour, sugar, etc.), and oils (e.g., corn oil, butter, mayonnaise, etc.). All of these contaminants
may be encountered as residues, pools or slicks, or dried patches. The tire materials described
above have proven effective in resisting the material breakdown caused by these various
chemicals and oils. Additionally, the cell size and tire siping described has proven beneficial in
maintaining traction while encountering both wet and dry contaminants, chemical or otherwise.
Dry contaminants at certain concentrations, however, may become lodged within the siping. The
chemical cleaner used in the device, described below, also helps emulsify certain of the
contaminants, which may reduce the possible damage caused by other chemical contaminants by
diluting those chemicals.

[00253] In addition to contaminants that may be encountered during use, the various cleaning
accessories (e.g., brushes, squeegees, etc.) of the device effect the traction of the device. The
drag created by these devices, the character of contact (i.e., round, sharp, smooth, flexible, rough,
etc.) of the devices, as well as the possibility of slippage caused by contaminants, varies
depending on the surface being cleaned. Limiting the areas of contact between the robot and the
surface being cleaned reduces attendant friction, which improves tracking and motion. One and
one-half pounds of drag force versus three to five pounds of thrust has proven effective in robots
weighing approximately 5-10 pounds. Depending on the weight of the robot cleaner, these
numbers may vary, but it is noted that acceptable performance occurs at less than about 50%
drag, and is improved with less than about 30% drag.

[00254] The tire materials (and corresponding cell size, density, hardness, etc.), siping, robot
weight, contaminants encountered, degree of robot autonomy, floor material, and so forth, all
impact the total traction coefficients of the robot tires. For certain robot cleaners, the coefficient
of traction (COT) for the minimum mobility threshold has been established by dividing a two Ib.
drag (as measured during squeegee testing) by six Ibs. of normal force, as applied to the tires.
Thus, this minimum mobility threshold is approximately 0.33. A target threshold of 0.50 was
determined by measuring the performance of shredded black foam tires. Traction coefficients of

many of the materials described above fell within a COT range of 0.25 to 0.47, thus within the
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acceptable range between the mobility threshold and the target threshold. Additionally, tires that
exhibit little variability in traction coefficients between wet and dry surfaces are desirable, given
the variety of working conditions to which a cleaning robot is exposed.

[00255] The robot cleaning device may also benefit by utilizing sheaths or booties that at least
partially or fully surround the tires. Absorbent materials, such as cotton, linen, paper, silk,
porous leather, chamois, etc., may be used in conjunction with the tires to increase traction.
Alternatively, these sheaths may replace rubberized wheels entirely, by simply mounting them to
the outer diameter 1104 of the cup shaped wheel element 1102. Whether used as sheaths for
rubber tires or as complete replacements for the rubber tires, the materials may be
interchangeable by the user or may be removed and replaced via automation at a base or
charging station. Additionally, the robot may be provided to the end user with sets of tires of
different material, with instructions to use particular tires on particular floor surfaces.

[00256] The cleaning solution utilized in the robot cleaner should be able to readily emulsify
contaminants and debond dried waste from surfaces, without damaging the robot or surface
itself. Given the adverse effects described above with regard to robot tires and certain chemicals,
the aggressiveness of the cleaning solution should be balanced against the short and long-term
negative impacts on the tires and other robot components. In view of these issues, virtually any
cleaning material that meets the particular cleaning requirements may be utilized with the
cleaning robot. In general, for example, a solution that includes both a surfactant and a chelating
agent may be utilized. Additionally, a pH balancing agent such as citric acid may be added.
Adding a scent agent, such as eucalyptus, lavender, and/or lime, for example, may improve the
marketability of such a cleaner, contributing to the perception on the part of the consumer that
the device is cleaning effectively. A blue, green, or other noticeable color may also help
distinguish the cleaner for safety or other reasons. The solution may also be diluted and still
effectively clean when used in conjunction with the robot cleaner. During operation, there is a
high likelihood that the robot cleaner may pass over a particular floor area several times, thus
reducing the need to use a full strength cleaner. Also, diluted cleaner reduces the wear issues on
the tires and other components, as described above. One such cleaner that has proven effective
in cleaning, without causing damage to the robot components, includes alky! polyglucoside (for
example, at 1 — 3 % concentration) and tetrapotassium ethylenediamine-tetraacetate
(tetrapotassium EDTA) (for example, at 0.5 — 1.5 % concentration). During use, this cleaning

solution is diluted with water to produce a cleaning solution having, for example, approximately
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3-6% cleaner and approximately 94-97% water. Accordingly, in this case, the cleaning solution
actually applied to the floor may be as little as 0.03 % to 0.18 % surfactant and 0.01 to 0.1 %
chelating agent. Of course, other cleaners and concentrations thereof may be used with the
disclosed robot cleaner.

[00257] For example, the families of surfactants and chelating agents disclosed in U.S. Patent
6,774,098, the disclosure of which is hereby incorporated by reference in its entirety, are also
suitable for application in the robot having the tire materials and configurations disclosed. To
balance the aggressiveness of the cleaners disclosed in the ‘098 patent with the wear caused on
the machine components, however, it is preferred that the cleaning agents should (i) include no
solvent, or include solvent at a percentage lower than that of the chelating agent of an alcohol
solvent, or have the disclosed solvents in 1/2 to 1/100 the concentrations, and/or (ii) be further
diluted for deterministic single pass, deterministic repeat passes, or random multipass use in a
robot by 20% +/- 15% (single pass), 10% +/- 8% (repeat pass), and from 5% to 0.1% (random
multipass) respectively, of the concentrations disclosed; and/or (iii) be further combined with an
anti-foaming agent known to be compatible with the selected surfactant and chelating agent in
percentages the same as or lower than commercial carpet cleaners, e.g., less than 5% of silicone
emulsion, and/or (iv) replaced with or compatibly mixed with an odor remover of viable
bacterial cultures.

[00258] In certain embodiments, the cleaning solution utilized in the robot cleaner includes (or
is) one or more embodiments of the “hard surface cleaner” described in U.S. Patent 6,774,098,
preferably subject to (i), (if), (iii), and/or (iv) above. Certain embodiments of the “hard surface
cleaner” in U.S. Patent 6,774,098, are described in the following paragraphs.

[00259] In one embodiment, the hard surface cleaner comprises: (a) a surfactant system

consisting of amine oxides within the general formula (I):

)

or quaternary amine salts within the general formula (II):
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or combinations of the foregoing amine oxides and quaternary amine salts; and (b) a very
slightly water-soluble polar organic compound having a water solubility ranging from about 0.1
to 1.0 weight percent, a weight ratio of the very slightly water-soluble polar organic compound
to the surfactant system ranging from about 0.1:1 to about 1: 1, wherein R' and R? are the same
or different and are selected from the group consisting of methyl, ethyl, propyl, isopropyl,
hydroxyethyl and hydroxypropyl, R? is selected from the group consisting of straight chain
alkyls, branched chain alkyls, straight chain heretroalkyls, branched chain heteroalkyls and alkyl
ethers, each having from about 10 to 20 carbon atoms, R* is selected from the group consisting
of alkyl groups having from 1 to about 5 carbon atoms, and X is a halogen atom.

[00260] In another embodiment, the hard surface cleaner comprises:(a) either (i) a combination
of a nonionic surfactant and a quaternary ammonium surfactant or (ii) an amphoteric surfactant,
the total amount of the surfactant being present from about 0.001-1 0%, wherein the nonionic
surfactant is selected from the group consisting of an alkoxylated alkylphenol ether, an
alkoxylated alcohol, or a semi-polar nonionic surfactant which itself is selected from the group
consisting of mono-long-chain alkyl, di-short-chain trialkyl amine oxides, alkylamidodialkyl
amine oxides, phosphine oxides and sulfoxides; (b) no more than 50% of at least one water-
soluble or dispersible organic solvent having a vapor pressure of at least 0.001 mm Hgat25°C.;
() 0.01-25% of tetraammonium ethylenediamine-tetraacetate (tetraammonium EDTA) as a
chelating agent; and (d) water.

[00261] In yet another embodiment, the hard surface cleaner comprises () a surfactant selected
from the group consisting of anionic, nonionic surfactants, and mixtures thereof, with optionally,
a quaternary ammonium surfactant, the total amount of surfactant being present from about
0.001-10% by weight; (b) at least one water-soluble or dispersible organic solvent having a
vapor pressure of at least 0.001 mm Hg at 25° C., the at least one organic solvent being selected
from the group consisting of alkanols, diols, glycol ethers, and mixtures thereof present in an

amount from about 1% to 50% by weight of the cleaner; (c) tetrapotassium ethylenediamine-
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tetraacetate (potassium EDTA) as a chelating agent, the potassium EDTA present from about
0.01-25% weight-of the cleaner; and (d) water.

[00262] In still another embodiment, the hard surface cleaner comprises (a) 2 nonionic
surfactant with optionally, a quaternary ammonium surfactant, the total amount of the surfactant
being present from about 0.001-10%, wherein the nonionic surfactant is selected from the group
consisting of an alkoxylated alkylphenol ether, an alkoxylated alcohol, or a semi-polar nonionic
surfactant which itself is selected from the group consisting of mono-long-chain alkyl, di-short-
chain trialkyl amine oxides, alkylamidodialkyl amine oxides, phosphine oxides and sulfoxides;
(b) no more than 50% of at least one water-soluble or dispersible organic solvent having a vapor
pressure of at least 0.001 mm Hg at 25° C.; (¢) 0.01-25% of tetraammonium ethylenediamine-
tetraacetate (tetraammonium EDTA) as a chelating agent; and (d) water.

[00263] In certain embodiments, the hard surface cleaner has a viscosity of less than about 100
cps and comprises: (a) at least about 85% water, in which is dissolved (b) at least about 0.45
equivalent per kilogram of an inorganic anion which, when combined with calcium ion, forms a
salt which has a solubility of not more than 0.2 g/100 g water at 25° C., wherein the anion is
carbonate, fluoride, or metasilicate ion, or a mixture of such anions, (c) at least 0.3% by weight,
based on the weight of the composition, of a detersive surfactant including an amine oxide of the
form RR'R*N—O wherein R is C¢-Cy, alkyl and R' and R? are independently Cy.4 alkyl or Ci4
hydroxyalkyl, and (d) at least about 0.5 weight percent of a bleach, based upon the weight of the
composition, wherein the cleaning composition is alkaline and essentially free of chelating
agents, phosphorous-containing salt, and abrasive.

[00264] In certain embodiments, the cleaning solution utilized in the robot cleaner includes (or
is) one or more embodiments of the hard surface cleaners described in U.S. Pat. Nos. 5,573,710,
5,814,591, 5,972,876, 6,004,916, 6,200,941, and 6,214,784, all of which are incorporated herein
by reference.

[00265] U.S. Pat. No. 5,573,710 discloses an aqueous multiple-surface cleaning composition
which can be used for the removal of grease and stains from hard surfaces or hard fibrous
substrates such as carpet and upholstery. The composition contains (a) a surfactant system

consisting of amine oxides within the general formula (I):
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or combinations of the foregoing amine oxides and quaternary amine salts; and (b) a very
slightly water-soluble polar organic compound. The very slightly water-soluble polar organic
compound may have a water solubility ranging from about 0.1 to 1.0 weight percent, and the
weight ratio of the very slightly water-soluble polar organic compound to the surfactant system
may range from about 0.1:1 to about 1:1. R' and R? may be selected from the group consisting
of methyl, ethyl, propyl, isopropyl, hydroxyethyl and hydroxypropyl. R' and R? may be the same
or different. R® may be selected from the group consisting of straight chain alkyls, branched
chain alkyls, straight chain heretroalkyls, branched chain heteroalkyls and alkyl ethers, each
having from about 10 to 20 carbon atoms. R* may be selected from the group consisting of alkyl
groups having from 1 to about 5 carbon atoms. X is a halogen atom.

[00266] In certain cases, the composition further includes a water soluble organic compound in
an amount effective to reduce streaking. The water soluble organic compound may be selected
from water soluble glycol ethers and water soluble alkyl alcohols. The water soluble organic
compound may have a water solubility of at least 14.5 weight percent. The weight ratio of the
surfactant system to the water soluble organic compound may range from about 0.033:1 to about
0.2:1.

[00267] U.S. Pat. No. 5,814,591 describes an aqueous hard surface cleaner with improved soil
removal. The cleaner includes (a) either (i) a nonionic, an amphoteric surfactant, or a

combination thereof, or (ii) a quaternary ammonium surfactant, the surfactants being present in a
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cleaning-effective amount; (b) at least one water-soluble or dispersible organic solvent having a
vapor pressure of at least 0.001 mm Hg at 25° C., the at least one organic solvent present in a
solubilizing- or dispersion-effective amount; (c) ammonium ethylenediamine-tetraacetate
(ammonium EDTA) as a chelating agent, the ammonium EDTA present in an amount effective
to enhance soil removal in the cleaner; and (d) water. The total surfactant maybe present in an
amount from about 0.001-10%. In a concentrated product, the surfactant may be present up to
20% by weight. The nonionic surfactant may be selected from the group consisting of an
alkoxylated alkylphenol ether, an alkoxylated alcohol, or a semi-polar nonionic surfactant which
itself is selected from the group consisting of mono-long-chain alkyl, di-short-chain trialkyl
amine oxides, alkylamidodialkyl amine oxides, phosphine oxides and sulfoxides. The at least
one water-soluble or dispersible organic solvent may be present in an amount of no more than
50% by weight of the cleaner. The ammonium EDTA may be a tetraammonium EDTA and
present in an amount of about 0.01-25% by weight of the total cleaner.

[00268] U.S. Pat. No. 5,972,876 discloses an aqueous hard surface cleaner comprising (a) a
surfactant selected from the group consisting of anionic, nonionic surfactants, and mixtures
thereof, with optionally, a quaternary ammonium surfactant, the total amount of surfactant being
present in a cleaning-effective amount; (b) at least one water-soluble or dispersible organic
solvent having a vapor pressure of at least 0.001 mm Hg at 25° C.,, the organic solvent being
present in a solubilizing- or dispersion-effective amount; (c) tetrapotassium ethylenediamine-
tetraacetate (potassium EDTA) as a chelating agent, the potassium EDTA present in an amount
effective to enhance soil removal in the cleaner; and (d) water. The total amount of surfactant
may be present from about 0.001-10% by weight. The at least one organic solvent may be
selected from the group consisting of alkanols, diols, glycol ethers, and mixtures thereof, and is
present in an amount from about 1% to 50% by weight of the cleaner. The potassium EDTA
may be present from about 0.01-25% weight-of the cleaner.

[00269] U.S. Pat. No. 6,004,916 discloses an aqueous, hard surface cleaner which contains (a)
either a nonionic or amphoteric surfactant with optionally, a quaternary ammonium surfactant,
the surfactants being present in a cleaning-effective amount; (b) at least one water-soluble or
dispersible organic solvent having a vapor pressure of at least 0.001 mm Hg at 25° C,, the at least
one organic solvent present in a solubilizing- or dispersion-effective amount; (c) ammonium
ethylenediamine-tetraacetate (ammonium EDTA) as a chelating agent, the ammonium EDTA

present in an amount effective to enhance soil removal in the cleaner; and (d) water. The
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surfactant may be a nonionic surfactant with optionally, a quaternary ammonium surfactant. The
nonionic surfactant may be selected from the group consisting of an alkoxylated alkylphenol
ether, an alkoxylated alcohol, or a semi-polar nonionic surfactant which itself is selected from
the group consisting of mono-long-chain alkyl, di-short-chain trialkyl amine oxides,
alkylamidodialkyl amine oxides, phosphine oxides and sulfoxides. The total amount of the
surfactant may be present from about 0.001-10%. The at least one water-soluble or dispersible
organic solvent may be present in an amount of no more than 50% by weight of the cleaner. The
ammonium EDTA may be a tetraammonium EDTA which is present in an amount from 0.01-
25% by weight of the total cleaner.

[00270] U.S. Pat. No. 6,200,941 discloses a diluted hard surface cleaning composition. The
cleaning composition contains () at least about 85% water, in which is dissolved (b) at least
about 0.45 equivalent per kilogram of an inorganic anion which, when combined with calcium
ion, forms a salt which has a solubility of not more than 0.2 g/100 g water at 25° C.; (c) at least
0.3% by weight, based on the weight of the composition, of a detersive surfactant. The
composition preferably has a viscosity of less than about 100 cps. The anion may be carbonate,
fluoride, or metasilicate ion, or a mixture of such anions. The detersive surfactant may include
an amine oxide of the form RR'R*N—O wherein R is Cs-C12 alkyl and R! and R? are
independently Cy.4 alkyl or C;.4 hydroxyalkyl. The composition may further contain at least
about 0.5 weight percent of a bleach, based upon the weight of the composition. In one case, the
cleaning composition is alkaline and essentially free of chelating agents, phosphorous-containing
salt, and abrasive.

[00271] U.S. Pat. No. 6,214,784 describes a composition similar to that disclosed in U.S. Pat.
No. 5,972,876. The composition may include dipotassium carbonate as a buffer.

[00272] Optionally, the cleaning fluid may be used to cool the motor or the motor may be used
to heat the cleaning fluid. The motor used to turn the main cleaning brush dissipates
considerable energy in the form of heat. This heat reduces motor and electronics life. It is
possible to duct the cleaning fluid around this motor so that the heat is transferred from the motor
to the heat. This may improve cleaning performance and reduce stress on the motor. A structure
would include ducting, heat transfer compounds, and heat conductive materials for the ducting
and/or motor parts in contact with the ducting. In addition, the use of a wet rotor motor for the
fluid pump or brush drive would allow the motor to be submersed in the clean tank which could

simplify connections as well as deposit waste heat into the cleaning fluid.
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[00273] The nose wheel module 960, shown in exploded view in FIG. 18 and in section view in
FIG. 19, includes a nose wheel 962 housed in a caster housing 964 and attached to a vertical
support assembly 966. The nose wheel module 960 attaches to the chassis 200 forward of the
cleaning modules and provide a third support element for supporting the chassis 200 with respect
to the cleaning surface. The vertical support assembly 966 is pivotally attached to the caster
housing 964 at a lower end thereof and allows the caster housing to pivot away from the chassis
200 when the chassis is lifted from the cleaning surface or when the nose wheel goes over a cliff,
A top end of the vertical support assembly 966 passes through the chassis 200 and is rotatably
with respect thereto to allow the entire nose wheel module 960 to rotate freely about a
substantially vertical axis as the robot 100 is being transported over the cleaning surface by the
rear transport drive wheels 902 and 904. Accordingly, the nose wheel module is self-aligning
with respect to the direction of robot transport.

[00274] The chassis 200 is equipped with a nose wheel mounting well 968 for receiving the
nose wheel module 960 therein. The well 968 is formed on the bottom side of the chassis 200 at
a forward circumferential edge thereof. The top end of the vertical support assembly 966 passes
through a hole through the chassis 200 and is captured in the hole to attach the nose wheel to the
chassis. The top end of the vertical support assembly 966 also interfaces with sensor elements
attached to the chassis 200 on its top side.

[00275] The nose wheel assembly 962 is configured with a molded plastic wheel 972 having
axle protrusions 974 extending therefrom and is supported for rotation with respect to the caster
housing 964 by opposed co-aligned axle holes 970 forming a drive wheel rotation axis. The
plastic wheel 972 includes with three circumferential grooves in its outer diameter. A center
groove 976 is providing to receive a cam follower 998 therein. The plastic wheel further includes
a pair of symmetrically opposed circumferential tire grooves 978 for receiving an elastomeric o-
ring 980 therein. The elastomeric o-rings 980 contacts the cleaning surface during operation and
the o-ring material properties are selected to provide a desired friction coefficient between the
nose wheel and the cleaning surface. The nose wheel assembly 962 is a passive element that is in
rolling contact with the cleaning surface via the o-rings 980 and rotates about its rotation axis
formed by the axle protrusion 974 when the robot 100 is transported over the cleaning surface.
[00276] The caster housing 964 is formed with a pair of opposed clevis surfaces with coaligned
opposed pivot holes 982 formed therethrough for receiving the vertical support assembly 966

therein. A vertical attaching member 984 includes a pivot element 986 at its bottom end for
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installing between the clevis surfaces. The pivot element 986 includes a pivot axis bore 988
formed therein for alignment with the co-aligned pivot hole 982. A pivot rod 989 extends
through the co-aligned pivot holes 982 and is press fit within the pivot axis bore 988 and
captured therein. A torsion spring 990 installs over the pivot rod 988 and provides a spring force
that biases the caster housing 964 and nose wheel assembly 962 to a downwardly extended
position forcing the nose wheel 962 to rotate to an orientation that places the nose wheel 962
more distally below the bottom surface of the chassis 200. The downwardly extended position is
a non-operating position. The spring constant of the torsion spring 990 is small enough that the
weight of the robot 100 overcomes its biasing force when the robot 100 robot is placed onto the
cleaning surface for cleaning. Alternately, when the nose wheel assembly goes over a cliff, or is
lifted off the cleaning surface, the torsion spring biasing force pivots the nose wheel to the
downwardly extended non-operating position. This condition is sensed by a wheel down sensor,
described below, and a signal is sent to the master controller 300 to stop transport or to initiate
some other action.

[00277] The vertical attaching member 984 includes a hollow vertical shaft portion 992
extending upward from the pivot element 986. The hollow shaft portion 992 passes through the
hole in the chassis 200 and is captured therein by an e-ring retainer 994 and thrust washer 996,
This attaches the nose wheel assembly 960 to the chassis and allows it to rotate freely about a
vertical axis when the robot is being transported.

[00278] The nose wheel module 960 is equipped with sensing elements that generate sensor
signals used by the master control module 300 to count wheel revolutions, to determine wheel
rotational velocity, and to sense a wheel down condition, i.e. when the caster 964 is pivoted
downward by the force of the torsion spring 990. The sensors generate a wheel rotation signal
using a cam following plunger 998 that include a sensor element that moves in response to wheel
rotation. The cam follower 998 comprises an “L” shaped rod with the a vertical portion being
movably supported inside the hollow shaft 992 thus passing through the hole in the chassis 200
to extend above the top surface thereof. The lower end of the rod 992 forms a cam follower that
fits within the wheel center circumferential groove 976 and is movable with respect thereto. The
cam follower 998 is supported in contact with an offset hub 1000 shown in FIG. 18. The offset
hub 1000 comprises an eccentric feature formed non-symmetrically about the nose wheel

rotation axis inside the circumferential groove 976. With each rotation of the wheel 962, the
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offset hub 1000 forces and oscillation of the cam follower 998 which moves reciprocally along a
substantially vertical axis.

[00279] FIGS. 33-35 show an alternative structure for the front caster. As shown in FIGS. 33-
34, the front caster may be generally structured as previously described, and with a design that
integrates the functions of a stasis sensor (to determine that the undriven front caster is turning)
and a wheel drop switch (to determine that it is no longer in contact with the ground). A fishhook
shaped member 998 having a vertical shaft and a horizontal hook is looped around an eccentric
boss 999 formed in the middle of the caster wheel. While the caster wheel rotates about its
rotational axis for forward motion and about the support 984 to turn, the fishhook member sensor
member 998 may turn within the support 984 freely (without impeding turning of the caster) but
may also slide vertically within the support 984. As the actuator moves up and down
sinusoidally, one sensor (as described herein, generally an optical or magnetic “stasis” sensor
near the top of the member 998) may be used to track whether the robot moves forward.
Alternatively, two sensors are used, one near each vertical end of the possible travel of the
member 998, i.e., separated by substantially twice the offset of the boss 999. Two sensors
improve resolution. Alternatively, the two sensors may be modeled as, or replaced with a linear
sensor to provide an analog profile over time of the wheel rotation (e.g., even with only two
sensors, if placed carefully, the analog output strength of the optical, magnetic, or electrical
detection of the opposite ends of the member 998 can provide opposite ends of a substantially
sinusoidal signal upon rotation, giving speed and limited odometry information). These are
placed according to the position of the front caster on its suspension during normal use of the
robot. Additionally, a wheel-drop sensor (again, optical, magnetic, or the like) is placed below
the stasis sensors. As noted, the wheel is biased on its support housings 984, 970 to pivot to
move within a swinging vertical range and provide a springed suspension. Should the robot’s
front wheel drop over a cliff or upon picking up the robot, as the member 998 moves into or
below the range of the wheel-drop sensor, this may be detected. Accordingly, the assembly with
member 998 and sensors works as a stasis sensor and a wheel-drop sensor, and may also act as a
speed sensor. As noted herein, siping of the tire material is a cross-hatch of diagonal cuts. These
cuts may be at angles from 20-70 degrees from the forward motion line of the robot.

[00280] A once per revolution wheel sensor includes a permanent magnet 1002 attached to the
top end of the “L” shaped rod by an attaching element 1004. The magnet 1002 oscillates through

a periodic vertical motion with each full revolution of the nose wheel. The magnet 1002
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generates a magnetic field which is used to interact with a reed switch, not shown, mounted to
the chassis 200 in a fixed location with respect to moving magnet 1002. The reed switch is
activated by the magnetic field each time the magnet 1002 is in the full up position in its travel.
This generates a once per revolution signal which is sensed by the master controller 300. A
second reed switch may also be positioned proximate to the magnet 1002 and calibrated to
generate a wheel down signal. The second reed switch is positioned in a location that will be
influenced by the magnetic field when the magnet 1002 drops to the non-operating wheel down

position.

Basic Form Factor

[00281] In one embodiment of robot of the present invention, the diameter of the robot circular
cross-section 102 is 370 mm or 14.57 inches, i.e., approximately 35-40 cm or 12-15 in., and the
height of the robot 100 above the cleaning surface is 85 mm or 3.3 inches, i.e., approximately
70-100 mm or 3-4 % inches. This size will navigate household doorways, under toe kicks, and
clean under many typical chairs, tables, portable islands, and stools, and behind and beside some
toilets, sink stands, and other porcelain fixtures. However, the autonomous cleaning robot 100 of
the present invention may be built with other cross-sectional diameter and height dimensions, as
well as with other cross-sectional shapes, e.g. square, rectangular and triangular, and volumetric
shapes, e.g. cube, bar, and pyramidal. The height of the robot is less than that of a 10 cabinet toe
kick (approximately the height of a wheelchair-accessible toe kick or European toe kicks), and
preferably less than that of a 4” cabinet toe kick (the lowest American standard). Alternatively,
the height of that portion of the robot that cleans into the toe kick may be so limited, with the
remainder of the robot being higher.

[00282] One embodiment of a robot according to the invention uses a highly integrated physical
structure and is manufacturable as a mass-produced commercial product. As shown in FIG. 1B,
such an embodiment includes several parts: the robot body, the wet fluid tank, the battery, and a
cleaning head. The tank may be a structural element (for example, the robot is carried by the
tank handle with the fluid full), or the robot can be a chassis-body structure or set of self-
supporting monocoque structures. Defined in certain circumstances, monocoque may mean
“substantially monocoque” or “at least partially monocoque,” and other alternative definitions
are not excluded (e.g., robots having supporting ribs or frames, or including a load bearing body

that could also have chassis-like elements such as cantilever support for other elements). Robots
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having a variety of components fall within the scope of this invention. On such cleaning robot
includes a motor-driven brush or wiper, a first housing that accommodates a fluid tank, and a
second housing that accommodates a steerable drive mechanism. A coupling mechanism couples
the first housing to the second housing to form a substantially cylindrical outer surface of the
cleaning robot. The cleaning robot dispenses fluid from the fluid tank and brushes or wipes a
surface made wet by the fluid.

[00283] In another embodiment, the cleaning robot includes a motor-driven brush or wiper, a
tank formed as a upper cylinder section that stores fluid, and a platform, formed as a lower
cylinder section. The platform accommodates a steerable drive mechanism. A coupling
mechanism couples the tank to the platform, the upper cylinder section of the tank matching the
lower cylinder section of the platform to form a substantially cylindrical outer surface of the
cleaning robot.

[00284] The integration of a fluid tank as part of a cylindrical body enables wet cleaning to be
carried out by an autonomous robot with the maximum possible cleaning time. If the body as a
whole is not cylindrical, i.e., does not have a circular perimeter, autonomy is effected, as escape
from corners and corridors slightly larger than the robot becomes more difficult. By integrating
the fluid tank into the robot body, tank volume may be maximized. Other shapes of constant
width (reuleaux triangle or constant width polygon) are also possible as a perimeter shape, and
are considered to fall within the meaning of the term “cylindrical” for the purposes of this
specification, but the circular perimeter has the maximum internal area of constant width shapes
and therefore the maximum potential fluid capacity.

[00285] Still another embodiment of the cleaning robot described herein includes a waste fluid
compartment, a dispensed fluid compartment, a partially monocoque tank that accommodates at
least one of the waste fluid compartment or dispensed fluid compartment, and a partially
monocoque platform that accommodates a steerable drive mechanism. A coupling mechanism
couples the partially monocoque tank to the partially monocoque platform to form a substantially
cylindrical outer surface of the cleaning robot. The cleaning robot brushes a surface made wet at
least in part by fluid dispensed by the cleaning robot.

[00286] Another embodiment includes a motor-driven brush or wiper, a tank that accommodates
a fluid compartment for storing fluid, a platform including a mount that receives the tank, a fluid
connection between the tank and the platform, and a vacuum connection between the tank and

the platform. A coupling mechanically engages the tank to the platform. The engagement of the
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coupling seals the fluid connection and the vacuum connection and forms a substantially
cylindrical outer surface of the cleaning robot. The cleaning robot brushes a surface made wet at
least in part by fluid from thé fluid compartment. The fluid from the fluid compartment may be,
but is not necessarily, picked up by the vacuum (which could pick up just dry particulates before
the brush or wiper).

[00287] Still another embodiment includes a motor-driven brush or wiper, a monocoque tank
that accommodates a fluid compartment, and a platform including a pivoting mount that receives
one end of the tank and that is rotatable to match the monocoque tank to the platform. A
coupling mechanically engages the monocoque tank to the platform, so that the engagement of
the coupling forms a substantially cylindrical outer surface of the cleaning robot. The cleaning
robot brushes a surface made wet at least in part by fluid from the fluid compartment. The
pivoting mount can optionally be arranged to receive the tank at the same angle as a user would
carry it. If the tank hangs from a user’s hand at an angle due to a handle configuration, then the
tank could

[00288] Yet another embodiment of the robot cleaner includes a motor-driven brush or wiper, a
tank that accommodates a fluid compartment for storing fluid, a platform including a mount that
receives the tank, a fluid connection between the tank and the platform, and a vacuum
connection between the tank and the platform. A coupling mechanically engages the tank to the
platform, such that the engagement of the coupling seals the fluid connection and the vacuum
connection and forms a substantially cylindrical outer surface of the cleaning robot. The cleaning
robot brushes a surface made wet at least in part by fluid from the fluid compartment.

[00289] In still another embodiment, the cleaning robot includes a tank that accommodates a
fluid compartment for storing fluid, a cleaning head that includes a motor-driven brush and a
vacuum, and a platform. The platform includes a first receptacle that receives a battery. A mount
recejves the tank so that the tank covers the battery. The battery need not be below the tank, it
may be directly attached to the body on top or side. Additionally, the cleaning head, in one
embodiment, is not removable or replaceable unless the tank is pivoted up, since the tanks and
related components may create an interlock with the cleaning head when the tank is latched in
place.

[00290] The cleaning head may be considered part of the platform, or optionally a second
receptacle may receive the cleaning head from one side of the platform. The robot may include a

fluid connection between the tank and the platform (as one example, so that the platform can
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dispense fluid) and a vacuum connection between the tank and the platform and/or cleaning head
(as one example, so that material vacuumed by the platform can be deposited in the tank). Either
or both of the vacuum connection and the fluid connection can be made directly between the
tank and the cleaning head, e.g., by matching seals on the tank and the cleaning head. A
coupling may mechanically engage the tank to the platform, and may seal the fluid connection
and the vacuum connection.

[00291] Although all of the above combinations may use a brush or wiper, use of a brush causes
less friction than wipers; moreover, the many bristles of a rotating brush still provide continuous
and continuously repeating contact with a surface. The word “brush” includes pads, brushes,
sponges, cloths, etc., that could be rotated, reciprocated, orbital, belt-driven, move with the
robot, etc.

[00292] Although different ratios are possible, it is advantageous to maximize fluid tank volume
if the fluid tank is more than 50% of the top surface, up to 50% of the side wall, and less than
50% of the bottom surface of the robot. However, it is more advantageous if the fluid tank is less
than 25% of the bottom surface, and more than 75% of the top surface, as this balances the need
to support the tank with the most volume.

[00293] As noted herein, the motor-driven brush is accommodated in a cleaning head which is
removably inserted in the side of the first housing, and has a locking, click-lock, click-in/click-
out or detent mechanism to hold it in place and maintain seals and connections. This
construction, allows the cleaning head to be removed without removing the tank. If the battery is
below the tank but above the body, the cleaning head can also be removed without removing the
battery. A battery can be similarly arranged, using a similar structure, to be removably inserted
from the side of the robot, with an optional locking, click-lock, click-in/click-out or detent
mechanism to maintain electrical connections. The battery may also be integrated in either the
tank or the body, and may include one or more replaceable, rechargeable, or replenishable
batteries, fuel cells, or fuel tanks, or any combination thereof.

[00294] The coupling mechanism for securing the tank to the body can include a handle of the
fluid tank, the entire substantially cylindrical robot, or the tank alone being rendered portable via
the fluid tank handle. The handle may also include a locking, click-lock, click-in/click-out or
detent mechanism. The handle as depicted herein includes a mechanism that accommodates a

push to click-lock the tank to the body, another push to release the tank from the body, yet pulls



10

15

20

25

30

WO 2006/089307 PCT/US2006/006550

-90 -

up to use as a handle. The coupling mechanism may include a pivot and a lock, the pivot
receiving one end of the tank and rotating the tank to engage the lock

[00295] Many of the above embodiments utilize a tank structure that functions as both a fluid
compartment and a support or structural element of the robot. Additionally, the tank may
accommodate both clean and dirty fluid compartments, as in the depicted embodiment.
Alternatively, an additional tank may provided to separate clean and dirty fluids, and/or for a
concentrate to be mixed with water in one of the tanks. More compartments could be provided
(e.g., a compartment for a defoamer, a compartment for fuel, etc.). The embodiment
demonstrates the manner in which a tank or combined tank may self-support or act as a structural
member; one of skill in the art would recognize that the same types of couplings and supports
could be readily modified for more than one tank.

[00296] As noted herein the two compartments of the tank are arranged such that as fluid moves
from one compartment to the ground and then is picked up, the center of gravity remains
substantially in place, and/or remains substantially over the driving wheels. The present structure
uses compartments that are stacked or partially stacked on top of one another with their
compartment-full center of gravity within 10 cm of one another. Alternatively, the compartments
may be concentric (concentric such that one is inside the other in the lateral direction); may be
interleaved (e.g., interleaved L shapes or fingers in the lateral direction); or all of or a portion of
the clean compartment may be a flexible bladder within the dirty compartment and surrounded
by the dirty compartment, such that the flexible bladder compresses as clean fluid leaves it but
dirty fluid filling the dirty compartment takes the place of the clean fluid. The flexible bladder
may be a portion of the bottom of the clean tank that accordions, flexes, or expands into the dirty
tank. For example, in FIG. 27, the circle sector flat portions of the second plastic element (tank
middle) 812 to the left and/or right of the aperture 562a (as depicted in FIG. 27) may be formed
as a flexing, expanding, or accordion part that expands into the waste tank. For this purpose, the
plenum 562 may be arranged with straight sides in those directions.

[00297] Within a tank, various types of constructions of the compartments are possible: they
may be separate, be joined by a wall (as depicted), be separate deformable compartments, or be
nested compartments. Certain compartments may be nested and deformable or may include a
collapsible wall which separates compartments. Walls separating compartments may be hinged,
accordion, etc., and compartments may be separated by one or more semi permeable, osmotic or

reverse osmotic membranes or other filters. Either of “compartment” or “tank” can be rigid,
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deformable, or collapsible, except where specified otherwise. The same compartment can be
used for two different fluids in different circumstances (water and premixed cleaner
compartment; treatment or polish compartment, and the like). Compartments within a tank may
be used for water or solvent, mixed cleaning solution, concentrate, dirty fluid, dry particulate,
fuel, scent, defoamer, marker, polish, treatment, wax, etc., as appropriate.

[00298] While most of the above examples have a removable tank, in an alternative
embodiment, the tank may be permanent. The term “coupling” means the family of mechanisms
for readily mounting one thing to another, including reversible types of couplings such as snaps,
catches, latches, hooks, click-lock, detent-lock, screw-in, bayonet, Velcro, and the like. It also
includes the use of gravity and guides to hold an upper part on a lower part, or tightly-fitting
compatible ¢lastomer parts. The modifier “readily detached” generally distinguish such semi-
permanent coupling (permanent other than for repair, e.g., screws or bolt) from permanent
couplings such as glue/welds. Semi-permanent or permanent couplings could be more practical
in the case of a larger robot that is emptied by a dock or floor station (the above embodiments
may include a compatible dock or floor station).

[00299] As noted above, the platform may also accommodate a spray, spreader, nozzle,
capillary action, wipe-on cloth or other fluid dispensing mechanism for dispensing a fluid, and/or
a brush, vacuum, squeegee, wipe-off or other cloth fluid collecting mechanism for collecting
waste fluid. As used above, “made wet by the fluid” can occur before or after the fluid is stored
by a tank (e.g., the fluid can be manually applied by a person and picked up by the robot, or fluid
can be left on the surface by the robot to dry or evaporate, depending on the type of fluid, e.g.,
for polishes or floor treatments). Either or both housings may be substantially monocoque or
may include a chassis portion or lock to an added chassis portion.

[00300] In cases where a pivot holder is used, the pivot holder is metal, and has durability and
stiffness. The use of a heavy metal pivot can increase the weight of the robot (thus pressure and
mopping force) and more significantly shift the center of gravity of the main housing to the front
or rear (as necessary, depending where the metal pivot is positioned). If a metal handle is used at
an opposite end of the robot, then the two metal parts can facilitate balancing and positioning of
the center of gravity as desired. However, balancing and positioning can be instead facilitated by
the use of a metal supportive frame that shifts the center of gravity of the robot toward the
wheel/belt drive contact line, or simply by a heavy weight (e.g., cast iron) placed appropriately to

shift the center of gravity of the fluid-full robot to the wheel/belt drive contact line.
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[00301] For robots designed for coverage (including cleaning robots), it is best to place
differential drive wheels on the diameter to permit the robot to turn in place. However, it is
advantageous to place the working width or cleaning head on the diameter of a circular robot, as
this will give the widest working swath. For certain vacuuming robots manufactured by iRobot
Corporation under the trademark ROOMBA, because a side brush can be used when following
walls to bring particulates within the working width, the wheels are placed on the diameter of the
circular perimeter for this purpose. If the robot follows walls on the same side every time, only
one side brush is needed.

[00302] However, for a mopping robot that applies liquid, the side brush is not as effective.
While the present invention contemplates the use of a dry or wet side brush substantially
physically similar to that of a dry-type vacuum to assist dry cleaning or wet cleaning or both, it is
not believed to be necessary. Additionally, placing the cleaning head on the diameter of the
circular perimeter so that the width of the cleaning head can come nearest the wall helps provide
effective cleaning. In the case of another curve of Zzonstant width, the cleaning head could be
placed on the widest span, and differential drive wheels arranged close to the diameter of a
circumcircle enclosing the robot perimeter (alternatively, such a robot could use a holonomic
drive with equiangularly arranged omnidirectional wheels).

[00303] When the cleaning head is on the diameter of the circular perimeter, it may abut the
edge of the robot, thus improving edge cleaning performance. Additionally, if the robot is
controlled and configured to always follow walls and obstacles on one dominant side, then the
cleaning head need only abut one edge of the robot. Such an arrangement allows space on the
non-dominant side to be used for other purposes. In the case of one embodiment of the robot, this
on-diameter edge space is used for a gear train and engagement structure to enable the cleaning
head to be slip-engaged in cartridge fashion from one lateral side of the robot (from the edge
cleaning/dominant side), see FIGS. 3, 3B.

[00304] The cleaning system of one specific embodiment is dry pick up, followed by fluid (wet)
application, followed by fluid pick up. The reason for the dry pick up to precede fluid
application, as described herein, is primarily so that the wet pick-up is primarily of grey
water/waste fluid, and not of particulates and large loose debris, which have various negative
effects on wet pick-up and can usually be more easily picked up when dry.

[00305] Additional cleaning steps may be incorporated into a wet cleaning robot in accordance

with the present invention. For example, a dry material application step may be included after
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the dry pick up step, e.g., a step in which an abrasive powder, catalyst, reactant, etc., or other dry
material is deposited and mixes with fluid (or the wet spray is turned off and the dry material is
collected or is left for later pickup).

[00306] It would also be possible to remove the dry pick up step in the case where another
countermeasure is adopted to deal with the possibility of wet particulates or debris, e.g., where a
wet pick up mechanism accommodates such debris, One embodiment of the device may use a
scrubbing brush that precedes a lateral-strip wet vacuum/squeegee along the cleaning path. As
one example, in an alternative embodiment where a scrubbing brush is placed to rotate within the
mouth of a vacuum and directs debris to the mouth of the vacuum, the dry pick up step may be
less important. It would also be possible to change the cleaning system such that the fluid
application process does not immediately precede the fluid pick up process. As one example, in
an alternative embodiment a first robot would apply fluid and a second robot would pick up the
fluid, or a single robot could be configured to apply fluid in one pass and remove fluid in a
second pass along the same path.

[00307] It would also be possible to change the cleaning system such that the fluid pick up
process is not carried out, for example in the case of a wax or polish. In another embodiment, the
robot could apply one kind of fluid (e.g., a cleaning fluid), pick it up, and apply a second kind of
fluid (e.g., a wax or polish) that is not picked up.

[00308] It would also be possible to change the cleaning system such that the fluid application
process applies fluid to a brush, roller, belt, web, pad, or other scrubbing medium rather than
directly to the floor, and the fluid first contacts the floor primarily as it is carried there by the
scrubbing medium.

[00309] As described herein, certain new cleaning systems are particularly well suited to the
robotic cleaner of the invention. However, no part of the process or system is critical,
notwithstanding that there are certain combinations of cleaning processes that form cleaning
systems that has distinct advantages as set forth herein. Many of the robotic, form, and
configuration structures set forth herein are new and advantageous for any wet cleaning system
(as only one example, the structures associated with a wet cleaning head that extends to one side
edge only, where the robot always cleans on that side).

[00310] As discussed herein, the robot is preferably from about 3-5 kg when completely filled
with fluid. For household use, the robot may be as much as about 10 kg. Exemplary ranges for

physical dimensions of the robot are a full mass of about 2-10 kg; a cleaning width of about 10



10

15

20

25

30

WO 2006/089307 PCT/US2006/006550

-94 -

cm - 40 cm within a diameter of about 20-50 ¢cm; a wheel diameter about 3 cm-20 cm; drive
wheel contact line about 2 cm-10 cm for all drive wheels (two, three, four drive wheels); drive
wheel contact patch for all wheels about 2 cm? or higher. An exemplary robot is less than
approximately 4 kg empty, and less than approximately 5 kg full, and carries approximately 1 kg
(or 800-1200 ml) of clean or dirty fluid (in the case where the robot applies fluid as well as
picking it up). The waste tank is sized according to the efficiency of the pick-up process. For
example, with a comparatively inefficient squeegee designed to or arranged to leave a
predetermined amount of wet fluid on each pass (e.g., so that the cleaning fluid can dwell and
progressively work on stains or dried food patches), the waste tank may be designed to be equal
in size or smaller than the clean tank. A portion of the deposited fluid may never be picked up,
and another portion may evaporate before it can be picked up. In the case where a dry pick up
precedes the wet pick up, and an efficient squeegee is used (e.g., silicone), then it may be
necessary to size the waste tank to be equal to or bigger than the clean fluid tank. A proportion of
the tank volume, e.g., about 5% or higher, may also be devoted to foam accommodation or
control, which can increase the size of the waste tank.

[00311] A viable autonomous hard surface cleaning robot is under about 10 kg mass, and has at
least one scrubbing or wiping member. In order to effectively brush, wipe, or scrub the surface,
the scrubbing or wiping member creates drag, and for a robot under 10 kg, should create an
average drag of up to about 40% of weight, but preferably less than about 25%. Drag forces
(total drag associated with any blades, squeegees, dragging components) should not exceed
about 25% of robot weight to ensure good mobility in the absence of active suspensions/constant
weight systems, as any lifting obstacle will otherwise remove weight from the tires and effect
motive force. Maximum available traction typically is no more than about 40% of robot weight
on slick surfaces with a surfactant based (low surface tension) cleaning fluid, perhaps as high as
about 50% in best case situations, and traction/thrust must exceed drag/parasitic forces.
However, in order to successfully navigate autonomously, to have sufficient thrust to overcome
minor hazards and obstacles, to climb thresholds which may encounter the scrubbing or brushing
member differently from the wheels, and to escape from jams and other panic circumstances, the
robot should have a thrust/traction, provided mostly by the driven wheels, of about 150% or
more of average drag/parasitic force. A rotating brush, depending on the direction of rotation,
can create drag or thrust, the invention contemplates both. One example of a robot disclosed

herein in detail, having a weight of about 8-1/2 Ibs, with less than 2 to 3-1/2 1b drag caused by



10

15

20

25

30

WO 2006/089307 PCT/US2006/006550

-95-

brushes, wipers, squeegees, and idle wheel friction, but more than 3 to 5-1/2 1b thrust contributed
either by drive wheels alone or by drive wheels in combination with a forwardly rotating brush,
would be an example of a robot that may successfully clean and navigate autonomously.
Sometimes weight must be added to improve traction by putting more weight on the wheels
(e.g., metal handle, clevis-like pivot mount, larger motor than needed, and/or ballast in one
embodiment of the present device). With or without added weight, one embodiment of the
present device derives a functional percentage of thrust from a forwardly rotating brush (which is
turned off generally in reverse), which is not a feature needed in a large industrial cleaner.
[00312] The width of the cleaning head for the mass of the household cleaning robot, under 10
kg (or even under 20 kg), is remarkably different from industrial self-propelled cleaners.
According to the embodiments of the invention, this is from 1 cm of (wet) cleaning width for
every 1 kg of robot mass, ideally about 5 or 6 cm of cleaning width for every kg of robot mass,
and up to 10 cm of cleaning width for every kg of robot mass (the higher ratios generally apply
to lower nﬁasses). It is difficult to apply sufficient wiping or scrubbing force with more than 10
cm of cleaning width for every kg of robot mass; and less than 1 cm for every 1 kg of robot mass
leads to either an ineffective cleaning width or a very heavy robot unsuitable for consumer use,
i.e., that cannot be carried easily by an ordinary (or frail) person. Self-propelled industrial
cleaning machines typically will be have 1-3 cm of cleaning width or less per kg machine mass.
[00313] The ratios of these dimensions or properties may implicate whether a robot under 10 kg,
and in some cases under 20 kg, will be effective for general household use. Although some such
ratios are described explicitly above, certain ratios (e.g., cm squared area of wheel contact per b
of robot weight, cm of wheel contact line per Ib of drag, and the like) are expressly considered to
be inherently disclosed herein, albeit limited to the set of different robot configurations discussed
herein.

[00314] Although the present disclosure discusses in detail the best material configuration and
geometry for tires or tracks for a robot useful on wet household surfaces, certain combinations of
other cleaner elements with these materials and tire geometry are particularly effective. As for
the tires themselves, as discussed, one advantageous configuration would be a 3 mm foam tire
thickness with 2 mm deep sipes. This configuration adequately performs when supporting no
more than 3 to 4 kg per tire. The ideal combination of sipes, cell structure and absorbency for a

tire is affected by robot weight.
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[00315] At least one passive wiper or squeegee is advantageous on the wet cleaning robot. For
example, a wet vacuum portion should be closely followed by a squeegee to build up the
thickness of a deposited water film for pick-up. A trailing (wet) squeegee should have sufficient
flexibility and range of motion to clear any obstacle taller than 2 mm, but ideally to clear the
ground clearance of the robot (in the case of the embodiment detailed herein, the 4-1/2 mm
minimum height or ground clearance of the robot).

[00316] Any reactionary force exhibited by the squeegee that is directionally opposite to
gravity, subtracts from available traction and should not to exceed about 20% of robot weight,
ideally no more than about 10% of robot weight. A certain amount of edge pressure, which has
an equal reactionary force, is necessary for the squeegee to wipe and collect fluid. In order to
obtain an effective combination of fluid collection, reactionary force, wear, and flexible response
to obstacles, the physical parameters of the squeegee should be well controlled and balanced. It
is noted that a working edge radius of about 3/10 mm for a squeegee less than about 300 mm is
particularly effective, and squeegees of from about 1/10 to 5/10 mm working edge can be
expected to be viable depending upon other accommodations made. Wear, squeegee
performance, and drag force are improved with a squeegee of substantially rectangular cross
section (optionally trapezoidal) and/or about 1 mm (optionally about 1/2 mm to 1-1/2 mm)
thickness, about 90 degree corners (optionally about 60 to 120 degrees), parallel to the floor
within about 1/2 mm over its working length (optionally within up to about 3/4 mm), and straight
to within about 1/500 mm per unit length (optionally within up to about 1/ 100), with a working
edge equal to or less than about 3/10 mm as noted above. Deviations from the above parameters
require greater edge pressure (force opposite to gravity) to compensate, thus decreasing available
traction.

[00317] Three exemplary wet vacuum/squeegee assemblies are disclosed herein, one of which
uses a “split squeegee,” where wet pickup is primarily provided by a vacuum channel between a
forward wet squeegee and a rear wet squeegee, and the two squeegees are separated members
that can slide relative to one another as the squeegee is deformed during use. As depicted in FIG.
12 herein, the rear wet squeegee to the left of the drawing would separate from the front wet
squeegee adjacent the brush when the cartridge is opened for cleaning. The forward wet
squeegee is crenellated on an inside surface to provide a series of vacuum channels, and the
primary task of the forward wet squeegee is to appropriately deform to maintain the vacuum

within the channels and to deliver the forward ends of the channels to the floor. The forward wet
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squeegee (of a split squeegee design), maintains a constant open cross-sectional area to define
the aerodynamic parameters relative to the trailing wet squeegee. However, in order to
accomplish this, the forward wet squeegee need only contact the floor at designated locations
and does not require edge pressure to be functional. The forward wet squeegee must be able to
clear obstacles at the ground clearance of the robot, €.g., to clear any obstacle over about 4 2
mm minimum height of robot for a 4 2 mm rear or wet ground clearance. The forward wet
should maintains aerodynamic cross sectional areas at about 80-120%, ideally at about 90-110%,
of design point (e.g., the projected cross sectional area in a static design) at any location along its
length. Deviation of the cross sectional area results in inconsistent vacuum assist for the
squeegee and reduces cleaning performance.

[00318] When a squeegee is used with or behind a dry vacuum, the dry-vac squeegee must have
sufficient flexibility and range of motion to clear any obstacle taller than the forward ground
clearance, i.e., for example to clear any obstacle taller than a about 6 %2 mm height of a forward
(dry) half of the robot (in this example, the forward height may be higher or lower). Because the
primary purpose of the “dry squeegee” or “doctor blade” is as an air flow guide, and not as a true
doctor blade or squeegee, despite the use of the terminology “dry squeegee” or “doctor blade”
herein, the end of the dry squeegee can be optionally designed to be separate from the floor by,
for example, 0 to about 1 mm, ideally 1/2 mm. Edge pressure is not necessarily required for the
dry vacuum squeegee, i.e., air flow guide blade, to function properly for optimum performance.
An ideal air flow guide blade can pivot fore and aft by about 10-30 degrees, ideally 20 degrees.
[00319] When brushes or wipers are used, both static and rotational brushes or wipers must
contact the floor over a broad range of surface variations (e.g., in wet cleaning scenarios,
including tiled, flat, wood, deep grout floors). This contact is accomplished according to the
invention generally one or both of two ways: the brush or wiper is mounted using a floating
mount (e.g., on springs, elastomers, guides, or the like); and/or adequate flexibility for the
designed amount of interference or engagement of the scrubbing brush or wiper to the surface.
As noted above, any reactionary force exhibited by the brushes/scrubbing apparatus that is
opposite to gravity subtracts from available traction and should not exceed about 10% of robot
weight. Helix designs of spinning brushes help to minimize forces opposite to gravity and reduce
energy requirements for rotation.

[00320] Most of the embodiments described herein, where using a rotational brush, use a single

brush. More than one brush may be provided, e.g., two counter-rotating brushes with one brush
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on either fore-aft side of the center line of a robot, or more. A differential rotation brush may
also be employed. In such a case, two brushes, each substantially half the width of the robot at
the diameter of rotation, are placed on either lateral side of the spin/rotation center line, each
extending along half of the diameter. Each brush is connected to a separate drive and motor, and
may rotate in opposite directions or in the same direction or in the same direction, at different
speeds in either direction, which would provide rotational and translational impetus for the robot.
[00321] A cleaning robot according to one embodiment of the invention is also provided with a
suspension system, primarily including a pivoted wheel assembly including resilience and/or
damping, having a ride height designed considering up and down force. The ideal suspension is
capable of delivering ideally within about 2% (optionally 1-5%) of the minimum downward
force of the robot (i.e., robot mass ore weight minus upward forces from the resilient or
compliant contacting members such as brushes / squeegees, etc). That is, the suspension is
resting against “hard stops” with only about 2% of the available downward force applied (spring
stops having the other 98%, optionally 95%-99%), such that any almost any obstacle or
perturbation capable of generating an upward force will result in the suspension lifting or
floating the robot over the obstacle while maintaining maximum available force on the tire
contact patch. This spring force (and in corollary, robot traction) can be maximized by having an
active system that varies its force relative to the changing robot payload (relative clean and dirty
tank level). Active suspension would be provided by electrical actuators or solenoids, fluid
power, or the like, with appropriate damping and spring resistance, as understood by those of
ordinary skill in the art.

[00322] The center of gravity of the robot will tend to move during recovery of fluids unless the
cleaner and waste tanks are balanced to continually maintain the same center of gravity location.
If a fluid recovery system that is capable of recovering nearly all of the fluid put down regardless
of the surface, or modeling predicts how much fluid will be recovered into the waste tank,
maintaining the same center of gravity location (by tank compartment design) can allow a
passive suspension system to deliver the maximum available traction. The present invention
contemplates a tank design that includes a first compartment having a profile that substantially
maintains the position of the compartment center of gravity as it empties, and a second
compartment having a profile that substantially maintains the position of the compartment center

of gravity as it fills, wherein the center of gravity of the combined tanks is maintained
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substantially within the wheel diameter and over the wheels. This is more readily achieved with
tanks that are at least partially stacked in the vertical direction. J

[00323] While the cleaning tanks as configured are integral, the invention contemplates the use
of cleaning fluid cartridges. The user would insert a sealed plastic cartridge into a depression or
cavity on the robot housing, the cartridge smoothly or substantially smoothly (perhaps slightly
raised) completing the top and/or side outer profile of the robot, and preferably being configured
to contain a pre-measured amount of cleaning fluid. Securing the cartridge into the robot would
pierce or crack the cartridge housing, allowing the cleaning fluid to mix with the water in the
correct amount.

[00324] As noted above, absent perfect fluid recovery or active suspension, superior mobility
can be achieved either by modeling or assuming a minimum percentage of fluid recovered across
all surfaces (70% of fluid put down, for example) and designing the profile of the compartments
and center of gravity positions according to this assumption/model . In the alternative, or in
addition, setting spring force equal to the maximum unladen (empty tank) condition can
contribute to superior traction and mobility. As a rule, suspension travel should at least equal the
maximum obstacle allowed by the bumper (and other edge barriers) to travel under the robot.
[00325] Maximizing the diameter of wheel decreases the energy and traction requirements for a
given obstacle or depression. Maximum designed obstacle climbing capability should be about
10% of wheel diameter or less. A 4.5 mm obstacle or depression should be overcome by a 45
mm diameter wheel. In most embodiments described herein, the robot is short and squat for
several reasons. The bumper is set low to distinguish between carpet, thresholds and hard floors,
such that a bumper about 3 mm from the ground will prevent the robot from mounting most
carpets (about 2-5 mm bumper ground clearance). The remainder of the robot working surface,
e.g., the dry vacuum and wet cleaning head under the robot, also have members extending
toward the floor (air guides, squeegees, brushes) that are made more effective by a lower ground
clearance. Because the ground clearance of one embodiment is between 3-6 mm, the wheels
need only be 30 mm - 60 mm. However, larger is typically better, even when lower obstacles are
addressed.

[00326] As shown in the various FIGS., at the bottom of the front bumper 220 are crenellations,
in this case thin lateral tabs set at intervals along the length of the front bumper. These tabs act as
a mechanical carpet detector subsidiary to the main collision or obstacle detection of bumper

220, being members protruding toward a height at which carpet would pass under the robot
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before the front wheel climbs the carpet, set at about 3 mm from the floor about the lower
periphery of the front bumper, and capable of actuating the front bumper. The tabs extend below
the front edge of the front bumper. In addition, inner cover 200a of the robot, necessary to shield
the interior of the robot when the tank assembly is removed, provides additional stiffness,

reducing the requirements on the chassis 200 (lower part 200b).

Robot Controller (Circuit) and Control

[00327] In accordance with at least one embodiment, the robot may include a generally circular
or round chassis 200 (see FIG. 3, for one example), to which at least first and second drive
wheels 1100 may be rotatably connected. The drive wheels 1100 may be positioned on a bottom
portion of the chassis 200, so as to bear the robot across the cleaning surface when the drive
wheels 1100 are driven. Further, the drive wheels 1100 may be positioned such that the
respective centers of each drive wheel 1100 lie along a virtual line that is generally parallel to the
plane of the cleaning surface, for example. Various control sequences for the robot of the
present invention and its components are described herein. Additionally, the robot may navigate
through a working environment using various control and navigational systems known in the art,
including, but not limited to those disclosed in U.S. Application Serial Nos. 11/176,048,
10/453,202, and 11/166986; U.S. Provisional Application Serial No. 60/741,442, filed on
December 2, 2005, entitled “Robot Networking, Theming, and Communication System,” by
Campbell et al.; and U.S. Patent No. 6,594,844 the entire disclosures of which are herein
incorporated by reference in their entireties

[00328] In one embodiment, the virtual line may extend through a center point of the circular
chassis 200 of the robot, and the drive wheels 1100—which include a left drive wheel and a right
drive wheel—may each be positioned at a mutually opposite outer edge of the chassis 200. The
drive wheels 1100 may then be driven simultaneously in a forward-spinning direction so as to
propel the robot over the cleaning surface; also, the drive wheels may be driven differentially,
with one of the drive wheels 1100 being driven to spin more rapidly than the other, such that the
yaw of the chassis 200 rotates about its center point. As a result, the robot can maneuver even
where there is no headroom, because the differentially driven drive wheels 1100 can rotate the

chassis 200 of the robot without having to simultaneously propel the robot forward or backward
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with respect to the cleaning surface (this may be accomplished by driving each drive wheel 1100
at the same rate of spin, but in mutually opposite directions, for example).

[00329] In accordance with another embodiment, the robot chassis 200 may include a scrubbing
module 600 (see FIG. 12A, for example), which has a generally linear shape and which may
extend from a first point along an outer circumferential edge of the circular chassis 200, through
the center point, and to a second point along the outer circumferential edge of the circular chassis
200 (thereby generally defining a central bisecting line through the center of the circular chassis
200, for example). In such an embodiment, both drive wheels 1100 are positioned on the bottom
portion of the chassis 200 on either the fore or the aft side of the scrubbing module 600, and in
certain embodiments, to the aft of the scrubbing module 600 so as to contribute to the
navigational stability of the robot, for example. Other drive wheel locations are possible. As one
example, a robot having 4 drive wheels, one forward and aft of the cleaning head on either side
of the robot, and with 3 drive wheels — on the right side one forward and one aft of the cleaning
head, and on the left the wheel positioned on the diameter to the left of the cleaning head. Such
configurations could give the robot movement more similar to a robot having differential drive
on the center line, and facilitate software optimizations for controlling movement of the robot,
among other things.

[00330] In accordance with one embodiment, the mobile robot 100 may clean a floor or other

cleaning surface using a generally spiral path, for example. By choosing a spiral path in

accordance with an effective width of the liquid applicator 700, for example, the robot can
effectively deposit cleaning fluid over a maximal area of the cleaning surface. In such a case, a
robot with a dominant side turns away from the dominant side, in order to have the dominant
side (i.e. a side upon which the cleaning head extends to the edge, and upon which the robot
follows obstacles) form the outside of the spiral. For a simple spiral, this can leave a spot that is
uncleaned, e.g., where the cleaning head is offset to the right and the robot spirals to the left, the
robot-bottom portion with no cleaning head coverage creates a small uncleaned circle in the
center of the spiral (although this circle is temporary given that the robot will probably return
randomly to the same spot before the end of the cleaning cycle). This can be addressed by
following the spiral with a center pass based on dead reckoning, or by following the spiral with
one or two figure-eights based on dead reckoning. However, in the case where the robot
encounters a wall or obstacle before the spiraling method is to initiate the center pass, there

remains some probability that this interruption will leave the uncleaned circle (reversing the
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direction of the spiral from the obstacle or arbitrarily may be used to reach the circle spot as
well).

[00331] As an alternative coverage pattern which does not necessarily create such spot is shown
in FIG. 46. In such a pattern the mobile robot 100 may follow an overlapping pattern similar to
that used by ice resurfacing machines used on skating rinks, in order to ensure that all the areas
within the path are properly covered. FIG. 46 shows the general wheel path in dotted lines 911,
and the general coverage path in solid lines 913. The pattern is most simply a series of circles or
ovals that overlap one another, with the diameter of the path followed being larger than the width
of the coverage track. It may be implemented as a series of overlapping rounded-corner squares
or rectangles, rectangles shown in FIG. 46. As shown in FIG. 46, an exemplary pattern uses
essentially right-angle differentially steered turns. The robot travels a distance away from a first
track, turns parallel to it, travels parallel to it, then turns back to the first track, eventually turning
before the first track to overlap it and drive parallel along the first track. The overlap is sufficient
to cover any “blank spots” caused by the offset cleaning head or offset differential wheels. The
robot then turns at essentially a similar position to the first turn, and repeats this process treating
the track just made as the first track. Successively, although the robot leaves a blank, uncleaned
area in the middle at the initiation of the coverage pattern, the robot will shift the overlapping
oval, circle, square, or rectangle such that the blank area is eventually covered. As can be seen in
FIG. 46, the diameter of or distance across the first loop and subsequent loops of the pattern can
be any size, as the robot will overlap the coverage eventually. Larger loops also have greater
cleaning efficiency if they incorporate many straight lines. However, if the loops are too large,
drift error accumulates, obstacles may be encountered disrupting the pattern, etc. If the loops are
too small, then too much time is spent in differential turns, during which cleaning is not as
satisfactory as straight cruising, and which is slower than straight cruising as well. In the present
case, the coverage pattern described above is of a size that will completely cover the center of
the loop on the third to fifth parallel pass (parallel whether the loop shape is irregular, circular,
oval, square, or rectangular), and overlaps by no more than half of the cleaning width on each
pass. One exemplary tight coverage pattern overlaps by about 120%-200% of the straight line
distance from the wheel center to the cleaning head edge (or in the alternative has loops offset by
the cleaning width minus about 120%-200% of this distance, or alternatively simply overlaps by
about 1/5-1/3 of cleaning head width, or alternatively has loops offset by about 2/3-4/5 of

cleaning head width), and has loops that are less than about three or four times the working
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diameter. These loops are substantially symmetrical, either circles, polygons, squares (the latter
two with curved corners as the robot turns).

[00332] FIG. 48 illustrates a mobile robot having left and right drive wheels 1100 positioned on
the aft bottom portion of the chassis 200, in which a dotted line indicates the virtual line
extending through the centers of both drive wheels 1100. Because the virtual line of the
“diameter-offset” robot does not pass through the center point of the chassis 200 (which is
different from the on-diameter robot shown in FIG. 47, for example), however, the differential
yaw control effected by differentially driving the left and right drive wheels 1100 is different
from the embodiments in which the virtual line passes through the center point of the chassis
200. For example, in contrast to the center point-intersecting example, the robot illustrated in
FIG. 49 necessarily undergoes simultaneous forward or backward motion by the robot with
respect to the cleaning surface, when the yaw of the robot is altered by differentially driving the
drive wheels 1100. Accordingly, the control of the diameter-offset robot (herein “offset robot™)
for various tasks such as sharp turning, proceeding along curved paths, cliff-following, bump-
follow behaviors or other such behaviors is altered from the non-diameter-offset robot, taking
into account the differences caused by the offset of the drive wheels 1100 from the diameter (ie.,
the centrally bisecting virtual line) of the chassis 200. Several exemplary offset robot behaviors,
which the robot’s controller can implement to control the robot accordingly, are discussed below.
[00333] The robot may include a bump follow behavior. The bump follow behavior facilitates
the escape of the offset robot from a narrow or partially enclosed area (such as an alcove or
narrow end of a hallway, for example). The bump follow behavior may include at least two
phases: (1) Turning in place (i.e., adjusting the yaw of the robot) when a bumper (or other
suitable contact or pressure sensor for detecting contact of the robot with an obstacle, such as a
leaf-spring switch, magnetic proximity switch, or the like) is compressed, and (2) moving in a
generally arc-shaped path in the opposite direction of the turn with a decreasing radius until the
bumper is compressed again.

[00334] In accordance with at least one exemplary implementation, phase 1 of the algorithm
modifies the radius of turn to keep the bumper against the wall while turning (see FIG. 49). L1
is a virtual line that extends through the centers of the drive wheels 1100, and the robot can
rotate about any point on this line. L2 is a virtual line that is perpendicular to the wall and passes
through the center of the robot (point C). Point A is the intersection of L1 and L2. In
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accordance with this algorithm, for example, the robot may maintain a constant distance ‘d’
between the robot and the wall.

[00335] To turn the robot while keeping ‘d’ constant, the robot adjusts the respective wheel
velocities for the first and second drive wheels 1100 such that the robot rotates about point A.
This can be a continuous process such that point A moves with respect to the cleaning surface, as
the robot rotates.

[00336] Referring to FIG. 50, for example, the controller implements an algorithm based on
control cycles in order to effect the proper behavior. At an initial step S101, the robot waits for a
control cycle, after which the robot recalculates the estimated position of point A at step S102.
Subsequently, the robot sets the respective spinning speed for each drive wheel 1100 at step
S103, in accordance with the recalculated position of A; then, the process repeats at the first step
S101.

[00337] In accordance with embodiments in which the robot may not have a sensor that
indicates what angle the wall is relative to the robot, the control algorithm may estimate the
position of point A based on which bumper switch is closed (left, right, or both) and may update
its estimate as the bumper switch closure state changes. Accordingly, this estimation may allow
the bump follow escape behavior to work well most of the time.

[00338] With reference to FIGS. 51 and 52, an exemplary estimation process is illustrated, in
which the term ‘bump quadrant’ refers to which bump switches are closed — ‘left’ means only
the left switch is closed, ‘right’ means only the right switch, and ‘both’ means that both the left
and right switches are closed. FIG. 51 illustrates an example of a continuous algorithm that
updates the wall angle every control cycle, and FIG. 52 illustrates how the estimate is updated
when the wall quadrant changes.

[00339] For example, as illustrated in FIG. 51, at an initial step S201, the robot forms an initial
estimate of the wall angle based on the bump quadrant, then waits for a subsequent control cycle
at S202. Once the control cycle begins, the robot determines at S203 whether the currently-
detected bump quadrant is different from the previous bump quadrant, and if so, reestimates the
wall angle based on the previous bump quadrant and the current bump quadrant at S205, and
returns to S202 to wait for a subsequent control cycle (thereby forming a process loop). If,
however, the current and previous bump quadrants are the same, the robot estimates at S204 the
wall angle based on wheel movements during the control cycle instead of differences in bump

quadrants, and then returns to the control cycle waiting step $202, as well.
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[00340] As shown in FIG. 52, the process proceeds along a first series of linked test steps (S301,
S307, 8312, S317 and S319), including determining whether the previous bump quadrant was
left, both, or right; or, whether the current quadrant is left or right. If none of the determinations
in this initial series of linked test steps are ‘yes,’ then the robot reaches a default estimation for
the wall angle of 0 degrees at S321. However, if on the other hand the robot determines that the
previous bump quadrant was left, then the robot next determines at S302 whether the current
bump quadrant is both (in which case, the robot estimates the wall angle as 7.5 degrees at $305),
at S303 whether the current bump quadrant is right (in which case, the robot estimates the wall
angle as 0 degrees at S306), or otherwise, defaults the estimate to 0 degrees at S304. If, on the
other hand, the previous bump quadrant was instead both as determined at S307, then the process
estimates the wall angle as 7.5 degrees at S310 if the current bump quadrant is determined as left
at S308, or -7.5 degrees at S311 if the current bump quadrant is right as determined at S309;
otherwise, the wall angle estimate defaults to 0 degrees at S304. Furthermore, if the previous
bump quadrant was right as determined at S312, then the robot estimates the wall angle as -7.5
degrees at S315 only if the current bump quadrant is both as determined at S313; otherwise, the
estimate defaults to 0 degrees (via S316, if S314 determines the bump quadrant as left, or via
S304 otherwise).

[00341] On the other hand, if the previous bump quadrant was not left, right, or both—such as
may occur on an initial control cycle when no previous bump quadrant has yet been detected—
then the robot determines at S317 whether the current bump quadrant is left (in which case the
estimate becomes 30 degrees at S318) or right, as determined at S319 (in which case the estimate
becomes -30 degrees at S320); otherwise, the estimate for the wall angle defaults to 0 degrees at
S321.

[00342] The robot may also have cliff avoidance and panic spin behaviors. In addition, the robot
may use a direction lock algorithm in order to get out of corners and distribute itself throughout a
room or other area containing the cleaning surface. This may occasionally result in the robot
turning into an obstacle or cliff it just detected. Thus, in order to avoid dropping off a cliffin a
situation in which the offset robot turns toward an obstacle or cliff it has just detected in
accordance with the direction lock algorithm (which might occur because the offset robot does
not rotate about its center without accompanying forward or reverse translational movement with
respect to the cleaning surface), the offset robot may back up a further distance (for example,

about 10 mm, although distances from about 5 mm up to about twice the diameter offset may
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alternatively be used). Backing up too far could lead to falling off a different cliff which might
lie behind the robot, because the robot might not have cliff sensors on the rear of the robot in
some embodiments. Further, the robot may also turn a further amount (for a non-limiting
example, 20 degrees; or, any angle within 0 through 90 degrees also being suitable, alternatively)
when turning towards a detected cliff, compared to a non-offset robot.

[00343] FIG. 53 illustrates an exemplary algorithm that an offset robot may employ. At an
initial step S401, the robot determines a direction of a detected cliff, based on which cliff sensor
among at least a right cliff sensor and a left cliff sensor (as non-limiting examples) are
triggered—if only the right cliff sensor is triggered, the robot determines the cliff is to the right;
if only the left cliff sensor is triggered, then the robot determines that the cliff is to the left;

otherwise, the robot instead determines a direction at random. Next, the robot determines at

- §402 whether the direction is locked, and whether it is different from-the direction of the cliff, If

yes, at S403 the robot backs up (for example, by a particular distance, such as 10 mm;
alternatively, the distance may be dynamically set in response to other environmental or
behavioral factors known to the robot, or by any suitable predetermined amount) and turns (for
example, by a particular amount such as 20 degrees; alternatively, the turning amount may be
dynamically set, or may be any suitable amount) before again proceeding forward. Otherwise, at
S404 the robot then proceeds according to the usual cliff avoidance behavior.

[00344] The panic spin behavior is used to escape when robot determines that it may be stuck
on an obstruction. In embodiments in which the robot is an offset robot, and is unable to rotate
in place about its center without necessarily simultaneously moving forward or backward, and
thus place the offset robot in danger of going over a cliff, the offset robot may reverse its panic
spin direction if it encounters a cliff during the behavior.

[00345] As shown in FIG. 54, for example, in accordance with one example of a panic spin
behavior for an offset robot, the robot may randomly choose a rotational direction and magnitude
in which to turn about its center, at a first step S501. The robot then may begin its spin at S502,
and then wait for the next control cycle at S503. Subsequently, the robot may set its speed based
on the chosen turn angle at S504, and then test whether or not a cliff has been detected at S505.
If so, the robot then reverses its spin direction at S506, and the control process then loops back to
S503 to wait for a subsequent control cycle; otherwise, the control process simply loops back to

S503 to wait for the subsequent control cycle, without reversing the spin direction.
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[00346] The robot may have a bounce behavior for handling low traction. The robot may
operate in environments in which the floor or other cleaning surface is wet, and there may be
other elements or protrusions on the bottom of the robot chassis that may contact the floor and
reduce wheel contact force. To handle this, when the bumper is triggered, the bounce behavior
for the robot may generally back up at least about 10 mm (or any other suitable distance), and
then stop backing up when it has either backed up a further 20 mm (or other suitable distance) or
the bumper has released. In contrast to conventional robots, a robot in accordance with this
embodiment may back up a minimum amount before scanning to determine whether the bumper
is released. The total distance may also be kept to a minimum to avoid inadvertently backing off
a cliff, but enough that the robot can turn.

[00347] The robot may also include a wheel drop behavior for detecting floor transitions and
drops, as well as gradually sloping obstacles or objects which might not otherwise be detected by
bumpers or other obstacle detection sensors. For example, if the front of the robot rides up on a
shallow transition in the floor, or when the front of the robot is lifted by a gradual rise or object
on the cleaning surface that does not alert the robot to its presence by triggering a bumper or
other sensor, the front wheels 1100 of the robot may drop down and thus lose contact with the
surface. Accordingly, the robot may include a sensor which triggers when the wheel of the robot
drops to its lowest position (or any other lower-than-normal point suitable to indicate a likely
loss of contact). Thus, when the front wheel drops, the robot may then react to a triggering of
the wheel drop sensor in a manner similar to a bumper hit. As a non-limiting example, if, after
backing a short distance, the wheel does not return (for example, the wheel drop sensor fails to
cease to trigger), the robot may then stop (and, for example, alert the user with a wheel drop
error code, alarm, or other indication) for safety reasons. By reacting to a wheel drop condition
as a bump, for example, the robot may avoid going up onto carpets or other undesired floor
surfaces or obstacles.

[00348] FIG. 55 shows that upon entering the wheel drop behavior, as a first step S601, the
robot moves in reverse at S602 until at S603 the robot has reached a particular distance (for
example, 50 mm), or a particular amount of time has passed (for example, 1 second, or any other
suitable amount of time), and/or the wheel drop sensor no longer is triggered (for example, if the
wheel drop sensor is a continuous-type sensor rather than a pulse-type or momentary-type
sensor). Subsequently, the robot determines at S604 whether the wheel drop sensor no longer is

triggered, and if so, the robot may then enter the bounce behavior mode and/or continue to clean



10

15

20

25

30

WO 2006/089307 PCT/US2006/006550

- 108 -

the cleaning surface (alternatively, for example, the robot may simply revert to its normal mode,
or any other suitable behavioral mode) at S605. If, on the other hand, the wheel drop sensor has
not ceased to trigger, the robot may then cease its cleaning behavior (or traveling behavior, as
may be the case), and may also issue an alarm, error code, or other “distress” indicator in order
to alert the user that the robot is no longer cleaning and has entered a stationary “fail safe” mode
at S606, as a non-limiting example.

[00349] Certain embodiments of the wet cleaning behaviors are described below. In accordance
with some embodiments, in which the robot includes components for wet cleaning of the
cleaning surface (by including the liquid applicator module 700 and associated elements), the
vacuum fan motor may be operating the entire time the robot is cleaning. As a result, any liquid
previously deposited on the cleaning surface—for example, cleaning liquid left over from a
previous cleaning cycle, or liquid from a beverage spilled on the floor by a person, or any other
liquid—may be removed from the cleaning surface; in addition, any liquid or moisture which
remains within the robot or on robot components (for example, as a result of wet cleaning
operations performed by the robot) may more quickly dry out as a result of air flow drawn over
the residual liquid or moisture. Thus the robot may become properly dry more quickly, and the
likelihood of undesirable leaking or spilling of liquid from the robot, such as may occur when a
still-wet robot is prematurely handled by a user, may be reduced. Further, the brush and pump
may be controlled in accordance with the cleaning and mobility characteristics of the robot.
Additional robot behaviors related to wet cleaning robots are described below.

[00350] The robot drying process may be triggered, for example, by one or more conditions
such as, for example, a timer that causes the robot to initiate the drying process at a particular
time of day, or after an elapsed period of time during a wet cleaning cycle; or, as in the
alternative, in response to a sharp drop off in battery voltage supplied to the robot, which may
indicate that the battery will soon not provide sufficient power. As an advantage, for example,
the robot may be configured to ensure that it is dry before the power supply from the battery is
completely drained.

[00351] Embodiments of the main brush control are described below. When the robot is in
motion, the main brush may spin in a clockwise direction when viewed from the right hand side
of the robot, as illustrated in FIG. 3, for example. As a result, forward force is contributed to the
robot as the clockwise-spinning main brush contacts the cleaning surface or floor, for example,

facilitating forward propulsion of the robot with respect to the cleaning surface. Likewise, when
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backing up, the robot may turn the brush off; and the robot may also leave the brush turned off
until it has traveled forward at least, for example, about 25 mm (an alternative suitable distance
or time delay may be used, for example, about 0-50 mm) upon resuming forward movement.
Alternatively, when the brush can be caused to rotate in a reverse direction (e.g,ina
counterclockwise direction, when viewed from the right hand side of the robot) when the robot
backs up, in order to provide additional reverse propulsive force, as a non-limiting example.
[00352] FIG. 56 illustrates an exemplary brush control process in accordance with such an
embodiment. The robot may wait for a next control cycle at S701 (herein referred to as the “first
step,” although the behavioral control process may alternatively begin at any suitable point, for
example, and is not limited to beginning at this step), and then determines whether or not the
robot is backing up at 8702. If not, then the robot turns on the brush (or leaves the brush on) at
S703, then returns to the first step S701.

[00353] On the other hand, if the robot is determined to be backing up, the robot may then turn
off its brush at S704, then wait for a next control cycle at S705; upon the next control cycle, the
robot may again determine whether the robot is backing up at 706, and if so, the process may
sub-loop by returning to the immediately preceding waiting step S705 and wait again for a next
control cycle. However, if the robot determines that the robot is not backing up at this sub-loop,
it may then proceed out of the sub-loop and set a distance counter to an initial state (such as
setting an integer value stored in electronic memory to zero, or a count register, or mechanical
counter, or other suitable counter, as examples) at S707, and then enter another sub-loop by
waiting again for a next control cycle at $708. Upon the next control cycle, the robot may then
increment (or decrement) the distance counter at $709, and then determine whether the distance
counter has reached or exceeded a threshold value (e.g., 25 mm, or 1 second, or any other
suitable threshold) at S710.

[00354] If the robot determines that the distance counter has not reached or exceeded the
threshold value, the robot may reiterate this sub-loop by returning the process to the immediately
preceding next-control-cycle waiting step at S708, for example. Otherwise, the robot may
instead then turn on (or leave on) the brush at $703, and return to the first step S701 in the brush
control process.

[00355] For embodiments of robots which include wet cleaning capability, a pump may be
included which can be controlled to dispense cleaning fluid onto the cleaning surface, for

example. In order to effectively distribute cleaning fluid on the floor, the robot may control the



10

15

20

25

30

WO 2006/089307 PCT/US2006/006550

- 110 -

output shaft of the pump to a specific rotational speed, including embodiments in which no
mechanical speed sensor is included. Also, the robot may turn the pump off under various
circumstances while cleaning to avoid putting too much fluid down in one spot, such as, for
example, when the robot is not traversing the cleaning surface at an appropriate rate to
appropriately disperse the cleaning fluid. In addition, the robot may perform a specific sequence
at startup to prime the pump quickly. Further, the pump may be turned off for 5 minutes after
cleaning is complete, to properly dry the inside of the robot, although this may be from about 15
seconds - 15 minutes depending on the air flow and fluid properties. Other examples of pump
control and pump-related behaviors are described below.

[00356] In one embodiment, the robot may ascertain the floor area of a room to be cleaned,
either by initially traversing and recording the boundaries of the room, or by receiving
information from a user or computer. Thereafter, the robot may control the pump in proportion
to the ascertained size of the room, in order to ensure that the entire floor (or at least a maximal
or optimal area thereof) receives an effective amount of cleaning fluid, for example. Asan
advantage, cleaning fluid can be conserved and the risk of leaving the floor only partially
cleaned may be reduced.

[00357] In at least one embodiment, a robot may include a pump which is a reciprocating
diaphragm pump having two chambers. The pump is driven by a small DC motor, and the
output shaft has an eccentric cam that drives the pump mechanism. The output speed of the
pump may be controlled to a particular rotational speed to distribute the correct amount of
cleaning fluid. To avoid the cost and potential unreliability of a mechanical sensor, an electrical
sensor may be included, as well. When driven with a substantially constant voltage, for
example, the current drawn by the pump may be represented by a signal having a period that
varies with the output speed of the pump, as illustrated in a non-limiting example in FIG. 57. By
measuring the current of the pump over time and analyzing the resulting data, the speed at which
the pump is turning can be determined.

[00358] As noted herein, the diaphragm pump distributes water in front of the cleaning head. A
single membrane sandwiched between two housing pieces acts as both inlet and outlet check
valves and pumping chamber. The pump has two independent circuits which supply two outlet
nozzles. The pump is actuated by a cam such that the nozzle output is constant per unit distance
squirted. In other words, the cam drives the pump so each nozzle leaves a uniform puddle across

the full width of the cleaning brush. The output of each pump channel is directed to nozzles
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which are positioned directly opposite each other in line with each end of the cleaning brush and
in front of the cleaning head. The nozzles squirt water parallel to and in front of the cleaning
head. They squirt directly out of phase at the same frequency in an effort to minimize the linear
travel distance between output puddles. The reason for two nozzles is to reduce or eliminate any
unevenness or inaccuracy apparent in a single nozzle. By having two opposing nozzles, the
outputs are averaged, and the cleaning fluid is applied uniformly.

[00359] In accordance with at least one embodiment, the robot may analyze data pertaining to
the pump speed using a pseudo-autocorrelation algorithm or other suitable algorithm. The
current that the pump is drawing may be sampled every control cycle (generally about 67 times
per second, or other suitable rate, e.g., from 10-200 times per second) and put into a buffer. The
buffer analyzes every control cycle (or other suitable periodic rate) to estimate the period of the
signal. The pseudo-autocorrelation algorithm outputs a correlation value for a range of sample
periods, from about 194 ms (corresponding to 79 RPM), for example, to about 761 ms (309
RPM) at 15 ms intervals, in accordance with one example (noting that the particular values of
time, interval, and rate are simply non-limiting examples, which may be substituted with any
other suitable values). A correlation value is calculated by summing the absolute value of the
difference of a number of samples in the buffer separated by the sample period. A lower
correlation value generally indicates a better match.

[00360] The pseudo autocorrelation algorithm may sometimes falsely indicate a match even for
incorrect frequencies, because it can match on frequencies whose period is a multiple of the
correct period, and if the two lobes of the signal are similar in size it may also falsely indicate a
match on half the period. To help avoid this problem, an estimate of pump speed may be
calculated from the voltage being supplied to the pump and the current being drawn. In
accordance with an exemplary embodiment, this may be based on data measured from several
sensors to measure the appropriate constants. In accordance with this process, examples of
formulas for determining an estimated pump RPM based on voltage and current readings may
include, among others:

Period_from_voltage =61 -2.5 * V;

Nominal_current = 8.4 +3.95 * V;

Slope = 1.3302 — 0.07502 * V;

Period = Period_from_voltage + (I — Nominal_current) * Slope; and
RPM = 4020/ Period.
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[00361] Aithough ail of which should be considered to be alternatively -+/- 5 percent, or up to
+/- 20 percent, the values have been determined empirically to take into account tolerance
variation among pumps and motors.

[00362] FIG. 58 illustrates one example of an algorithm used to determine the pump speed. At
an initial step S801, the robot calculates a correlation value for each period, then at S802 find the
two smallest correlation values which are greater than 50 below the average value. This is an
empirically determined constant and is a non-limiting example. Reasonable values will vary
widely depending on actual pump current values, how pump current values are converted to
digital values, and the sampling rate. Then, the robot determines whether or not there are no
valid correlations at S803—if there are none, the process determines that the period is unknown
at S804; on the other hand, if the determination is not that there are no valid correlations, the
process then determines whether or not there is only one correlation at S805. If so, the process
returns the period of the one valid correlation at S806. Otherwise, the process the determines at
S807 whether or not two correlations have periods of three or fewer peaks and if so, then the
process returns the period of the smaller correlation at S808.

[00363] If not, the process determines at S809 whether the smallest correlation has a value that
is smaller by more than 25, in which case the process returns the period of the smaller correlation
at S810. Just as above, this is an empirically determined constant and is intended only as an
example. Otherwise, the process then determines whether the periods are 1.5x, 2x, or 3x
multiples at S811. If not, the process determines the period as unknown at S812; otherwise, the
process proceeds to calculate an estimate of the period (the estimate is calculated as described
above) at S813, and then determines at S814 whether or not the estimate thus produced is
substantially closer to one of the periods—and, if so, the process returns the period closer to the
estimate at S815; if not, the process returns the smaller period at S816.

[00364] The robot may include pump disable control as well. In some embodiments, the pump
may be stopped in various circumstances to avoid putting water on the floor where the robot will
not (or is unable to) pick it up. For example, if the pump were to run (and thus cause cleaning
fluid to be deposited) while the robot was backing up, the water that was put down might not get
picked up because the part of the robot that picks up fluid is behind the fluid outputs (unless the
robot were to re-traverse the area it backed away from).

[00365] Conditions in which the pump may be stopped may include, inter alia: (1) when the

robot is moving backwards; (2) when the robot is turning in place (for non-offset robot
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embodiments, or, alternatively, when the robot is turning in a very small area, such as for either
offset or non-offset robot embodiments); (3) when the robot is turning about a point closer to the
center of rotation than half the wheel spacing; and/or (4) when the robot detects circumstances
that are interpreted as a stuck condition.

[00366] FIG. 59 depicts an example of a sequence for implementing a stuck behavior for a wet
cleaning robot. At a first step S901 (noting that although this is referred to as the “first step” for
explanatory convenience, the process may alternatively begin at any other suitable step in the
process) the process sets a “may be stuck” variable or flag (which may be a location in an
electronic memory, or a flip-flop, or mechanical switch, or any other suitable structure; herein
referred to as “maybe stuck”) to a state representing “not stuck” (herein referred to as “false”; the
opposite state referred to as “true™). The process then waits for a next control cycle at $902, and
then determines whether the robot is in a constant bumper panic state (for example, a state in
which the bumper triggers continuously) at S903, and, if so, the process sets maybe stuck to true
at S904, waits for the bumper to be cleared for two seconds (e.g., 0.2 to 10 seconds) at S905, and
then reiterates the stuck behavior process by returning to the first step S901. Otherwise, the
process determines at S906 whether any other panic states exist; if so, the process sets maybe
stuck to true at S907, waits for the bumper, cliff sensor, and/or virtual wall sensor to activate at
S908, and then returns to the first step S901. If not, the process determines at S909 whether the
wheel drop sensor is triggered; if so, the process sets maybe_stuck to true at S910, waits for the
wheel drop sensor to be clear for two seconds (e.g., 0.2 to 10 seconds) at S911, and then returns
to the first step. Otherwise, the process sub-loops by returning to S902 to wait for the next
control cycle.

[00367] The robot’s pump may also require a priming sequence. In embodiments of robots
which include a pump, the pump may be run at full voltage for (as a non-limiting example) 2
seconds (or any other suitable interval) at startup, to facilitate priming of the pump.

[00368] A drying cycle may also be included in certain embodiments of the cleaning robot. For
example, wet cleaning robots may generally continuously vacuum up dirty cleaning fluid (and/or
other liquid) from the floor or cleaning surface. The fluid may form a residue along vacuum
channels inside the robot. To avoid leakage of the fluid or residue from the robot (which leakage
may form a puddle or streak on the cleaning surface) following a cleaning cycle, the robot may
run for a period of time (herein referred to as “the drying period™) after cleaning is stopped, with

the pump turned off and the vacuum running. During the drying period, the vacuum may be
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maintained on and/or the brush may be kept spinning, to dry the brush and its enclosure. The
robot may also move within its environment (for example, in its normal cleaning pattern), to
allow the robot to pick up any liquid remaining under the robot that may continue to be pushed
around with the robot’s squeegee, as well as to avoid potential damage to the floor or cleaning
surface that may be caused by spinning the brush in one place.
[00369] The robot has additional sensors. In accordance with at least one embodiment, a wet
cleaning robot may include one or more sensors such as, for example, a fluid level sensor, a
Filter, Cleaning Head, and/or Tank Present Sensor, infer alia. A robot may include, as a non-
limiting example, two fluid level sensors — one to sense if there is any clean_ fluid remaining, and
another to sense if the waste fluid tank is full. Each sensor may use the same electronics and
driving processes. FIG. 60 illustrates an example electronic circuit, in which R1 and R2 are
current limiting resistors (which may have the same value, or, alternatively, differing values).
[00370] To get a reading from the sensor, the control process may set Output 1 to +5V, Output 2
to 0V, and read the analog input (Reading 1). It may then reverse the outputs, setting Output 1 to
0V and Output 2 to +5V (other voltage values +3.3, 12, 24 would be suitable for other system
voltages). Then, the process may read the analog input again (Reading 2), and subtract the two
readings (i.e., subtracting Reading 2 from Reading 1) to obtain, as a result, the voltage across the
sense electrodes, herein called the “Sense Voltage.” Accordingly, a set of formulas may be used
to calculate the resistance acrosé the sense electrodes, such as, for example:

Voltage across R1 (or R2) = (5 V [from the voltage applied to the pin above] — Sense

Voltage) / 2;

Current across R1 (or R2) = (Voltage across R1) / R1; and/or

Sense Resistance = (Sense Voltage) / (Current Across R1).
[00371}] Generally, these formulas are effective if R1 and R2 are the same, and different
formulas would be required if R1 and R2 are different. When the Sense Resistance is below a
threshold, the sensor indicates fluid is bridging the electrodes. As an example, R1 and R2 may
be 2K ohms (optionally 300 to 5000 ohms), and the threshold may be 30K ohms (or,
alternatively, any other suitable values, e.g., 5K to 80K ohms).
[00372] The robot may also include filter, cleaning head, and tank sensors. Each of these
components (Filter, Cleaning Head Assembly, and Tank Assembly) may include a magnet. In a
corresponding position in the robot, there may be a reed switch that closes in the presence of a
sufficiently strong magnetic field (alternatively, a relay-type switch, pressure sensor, optical

sensor, or any other appropriate system for detecting the presence of the above-noted
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components may be used). This allows the control system to check if these components are
properly installed. As the filter may be of critical importance, because the vacuum fan would be
very easily damaged by foreign material, and because without the cleaning head assembly or the
tank, the robot would not clean the floor, the control system may not allow the robot to run if any
of these components are missing or go missing during the run, in accordance with at least one
embodiment.

[00373] To avoid falsely preventing the robot from running when the tank is actually present but
the sensor has failed, the control system may allow the robot to clean if the tank present sensor is
not working. In accordance with one example, if the tank present sensor was working at the start
of the run, and the tank present sensor indicates the tank is removed during the run, the robot
may stop.

[00374] The wvser interface for the robot may consist of simply a power button. However,
additionally, a cleaning button may be provided. In one example, each of the power button is
provided with a light.

[00375] As shown in FIG. 62, in order to provide the user with information regarding the
robot’s operation, the power button may be used to signify battery charging status, e.g., red for
empty, pulsing green for charging (fast or slow for different charging cycles or battery refresh
cycle), solid green for fully charged, blinking red for not installed. The clean button may be used
to signify cleaning tank status or cleaning operation status, e.g., green for cleaning, blue pulse for
drying (clean nearly completed), solid blue tank is empty clean cycles is complete.

[00376] Accordingly, in this user interface example, the robot has a battery and a replenishable
material tank, and a panel is provided with two illuminable buttons, one of the buttons
controlling an on/off or power operation of the robot and being illuminated, optionally in
patterns and/or colors, according to the on/off or power status; and the other button initiating a
cleaning operation by the robot using the replenishable material tank and being illuminated,
optionally in patterns and/or colors, according to the status of the replenishable material in the
tank and/or the status of a cleaning cycle and/or drying cycle using the replenishable material in
the tank. “Illuminate™ essentially means activate, and forms of rendering a warning more visible
(change color, turn from light to dark, pop up, and the like) without actual illumination are
included. An alternative would use one button and patterns and/or colors to signify power and/or
replenishable material status as discussed above. Pressing one or two buttons in combinations

(tap, long press, double tap, press both, press one and tap the other) can be used to initiate
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operations directly, such as starting drying immediately, overriding a sensor failure, or providing
access to testing or diagnosis modes.

[00377] As shown in FIG. 63, additional information can be provided with status lights that are
important for monitoring autonomous operation. In such a case, the status lights may be
illuminable text that directly indicate a problem, along with a color recognized as a warning by
most people. If the lights are illuminable text messages, there is no need for the user to refer to a
manual to interpret the problem on the robot, yet the robot does not include unnecessary
complexity by inclusion of a display panel and associated control elements. In the present case,
a warning light that indicates the user should “check tank” should actually use the words “Check
Tank”, and may illuminate in a “warning” color (e.g., yellow, red, orange) color for a service
warning (E.g., the tank is missing) or in a “non-warning” color (e.g., green, blue, purple, white)
for a simple status message (e.g., cleaning cycle is complete). In addition or in the alternative, a
“Check Brush” and “I’m Stuck” light are useful in the present context. The check brush message
may appear when the brush is jammed or improperly installed, e.g., by detecting motor load. The
“I’'m Stuck” message should appear as a result of the robot’s recognition of a stuck or stasis
condition, following appropriate panic, anti-canyoning, escape and other anti-stasis (sometimes
“ballistic” behaviors) have been cycled or exhausted. One detection would depend upon stasis of
the front wheel while either drive wheel turns. A service code 7-segment display element can
provide information enabling problems to be diagnosed by the user or by technicians.

[00378] Accordingly, in this user interface example, the robot has a powered drive and/or a
powered brush and/or and a replenishable material tank, and a panel is provided with warning
indicia, capable being illuminated, optionally in patterns and/or colors, according to the status of
the robot drive and/or brush and/or replenishable material tank. In certain embodiments, the
indicia are actual text messages. Further preferably, the illumination is in warning and non-
warning colors according to the circumstances. The replenishable material tank should be able to
convey both tank malfunction and tank empty messages. Again, these lights are illuminated

optionally in patterns.

Operation and Maintenance

[00379] FIGS. 36-41 depict a method for operating and maintaining a cleaning robot physically

configured for such operation and maintenance, and also includes information regarding the
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stacking/assembly order of the parts of the robot and/or the physical configuration dependency of
the robot. FIGS. 37-41 depict readily recognized hand positions, motions, and other physical
actions, as well as readily recognized orientations, positions, and configurations of a cleaning
robot, and the present disclosure includes all that is readily recognized from these drawings.
[00380] According to FIGS. 36-41, an embodiment of the robot is structurally configured to
permit a tank to be physically positioned to provide access to an internal area (S2), or to permit a
cleaning head to be physically removed from the robot body (S3). As shown in FIGS. 36-41,
neither depends upon the other, and the cleaning head and tank release may be handled
independently. Once the tank is put into a released position (S2), the tank may be unloaded (S4).
However, even without unloading the tank (S4), the internal area becomes available, and the user
may then access a filter that is made visible and accessible (S12), a vacuum port (grommet) that
is made visible and accessible (S14), and a battery that is made visible and accessible (S16).
Each of these is more convenient if the tank is unloaded (S4), but as the tank does not impede
general access to the internal area in the released position, each of S12, S14, and S16 may be
carried out without unloading the tank. The filter may be flushed and restored (S20) after being
removed. The battery may be placed and handled differently, e.g., to be inserted in or to the
robot body or tank without tank release, the outer surface of the battery substantially conforming
to the outer profile of the robot when the battery is in place.

[00381] Once the tank is unloaded (S4), the dirty tank, if full, may be emptied (S6) and flushed
(S18). However, whether the dirty tank is full or empty, the clean tank may nonetheless be filled
with cleaning fluid (S8) or water (S10), none of these dependent upon the other. The tank, loaded
with mixed cleaning fluid and water (or as noted herein, premixed and/or cartridge cleaning fluid
and/or water alone), the tank is loaded (S22) and then “clicked” in to lock the tank in place
(524). The robot may then operate autonomously. These operations may be in whole or in part
carried out by a dock or cleaning station of the robot. In such a case, it may be advantageous not
to release the tank or unload the tank; rather the fluid areas of the robot, as well as the areas
including cleanable parts such as the filter or vacuum port, may be accessed through alternate
ports in the compartments of the tank provided for the purpose of automated evacuation of the
tank. The present invention contemplates the automated docking and/or evacuation of the tank
and/or robot, and incorporates by reference specific description thereof from the documents

incorporated by reference herein. In such a case, some or all of the steps of FIG, 36 would be
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process steps carried out by the processor, manipulators, and mechanisms of the dock or
evacuation station in communication with the processor of the robot.

[00382] In certain embodiments, the cleaning head release and tank release are made dependent.
In such cases, the release for the cleaning head is inside the robot body, and the tank must be in
the released position to access the cleaning head, as depicted in the FIGS. When in the down or
latched position, the tank locks the cleaning head in place and prevents access to the cleaning
head release button. In this configuration, the cleaning head engages the tanks via the vacuum
channels that extend from the tank through the robot body into the cleaning head (as depicted in
the FIGS.). In such a case, the vertical overlap is beneficial for sealing contact, and pulling the
cleaning head sideways against the channels causes wear; thus, the cleaning head may be
designed for release only when the tank is released to avoid this wear.

[00383] It will also be recognized by those skilled in the art that, while the invention has been
described above in terms of preferred embodiments, it is not limited thereto. Various features
and aspects of the above described invention may be used individually or jointly. Further,
although the invention has been described in the context of its implementation in a particular
environment, and for particular applications, e.g. residential floor cleaning, those skilled in the
art will recognize that its usefulness is not limited thereto and that the present invention can be
beneficially utilized in any number of environments and implementations including but not
limited to cleaning any substantially horizontal surface. Accordingly, the claims set forth below
should be construed in view of the full breadth and spirit of the invention as disclosed herein.

What is claimed is:
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1. An autonomous cleaning robot comprising:

a chassis supported for transport over a cleaning surface, the chassis being defined by a
fore-aft axis and a perpendicular transverse axis;

a first collecting apparatus, attached to the chassis and configured to collect loose
particulates from the cleaning surface across a cleaning width, said cleaning width being
disposed generally parallel with the transverse axis;

a liquid applicator, attached to the chassis and configured to apply a cleaning fluid onto
the cleaning surface; and,

wherein the arrangement of the first collecting apparatus with respect to the liquid
applicator causes the first collecting apparatus to precede the liquid applicator over the cleaning

surface when transporting the chassis in a forward direction.

2. An autonomous cleaning robot according to claim 1 further comprising:

a smearing element attached to the chassis and configured to smear the cleaning fluid
applied onto the cleaning surface to more uniformly spread the cleaning fluid over the cleaning
surface; and,

wherein the arrangement of the liquid applicator with respect to the smearing element
causes the liquid applicator to precede the smearing element over the cleaning surface when

transporting the chassis in a forward direction.

3. An autonomous cleaning robot according to claim 1 further comprising:

a scrubbing element configured to scrub the cleaning surface; and,

wherein the arrangement of the liquid applicator with respect to the scrubbing element
causes the liquid applicator to precede the scrubbing element over the cleaning surface when

transporting the chassis in the forward direction.

4, An autonomous cleaning robot according to claim 3 further comprising:

a second collecting apparatus configured to collect waste liquid from the cleaning
surface, the waste liquid comprising the cleaning fluid applied by the liquid applicator plus any
contaminates, removed from the cleaning surface by the clean fluid; and,

wherein the arrangement of the scrubbing element with respect to the second collecting
apparatus causes the scrubbing element to precede the second collecting apparatus over the

cleaning surface as the chassis is transported in the forward direction.
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5. An autonomous cleaning robot according to claim 4 further comprising a first waste

storage container, attached to the chassis, and arranged to receive the loose particulates therein.

6. An autonomous cleaning robot according to claim 5 further comprising a second waste

storage container, attached to the chassis, and arranged to receive the waste liquid therein.

7. An autonomous cleaning robot according to claim 6 further comprising a cleaning fluid
storage container, attached to the chassis and configured to store a supply of the cleaning fluid

therein and to deliver the cleaning fluid to the liquid applicator.

8. An autonomous cleaning robot according to claim 7 wherein said cleaning fluid

comprises water.

9. An autonomous cleaning robot according to claim 8 wherein said cleaning fluid
comprises water mixed with any one of soap, solvent, fragrance, disinfectant, emulsifier, drying

agent and abrasive particulates.

10.  An autonomous cleaning robot according to claim 6 wherein each of said first and said
second waste containers are configured to be removable from the chassis by a user and to be

emptied by the user.

11. An autonomous cleaning robot according to claim 10 wherein said cleaning fluid storage

container is configured to be removable from the chassis by a user and to be filled by the user.

12." An autonomous cleaning robot according to claim 4 further comprising a combined waste
storage container, attached to the chassis and configured to receive the loose particulates from
the first collecting apparatus and to receive the waste liquid from the second collecting apparatus

therein.

13. An autonomous cleaning robot according to claim 12 wherein the waste storage container

is configured to be removable from the chassis by a user and to be emptied by the user.

14. An autonomous cleaning robot according to claim 13 further comprising a cleaning fluid
storage container, attached to the chassis and configured to store a supply of the cleaning fluid

therein and to deliver the cleaning fluid to the liquid applicator.

15.  An autonomous cleaning robot according to claim 14 wherein said cleaning fluid storage

container is configured to be user removable from the chassis and to be filled by the user.

16.  An autonomous cleaning robot according to claim 4 further comprising:
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an integrated liquid storage container, attached to the chassis, and formed with two
separate container portions comprising;

a waste storage container portion configured to receive the loose particulates from the
first collecting apparatus and the waste liquid from the second collecting apparatus therein; and,

a cleaning fluid storage container portion configured to store a supply of the cleaning

fluid therein and to deliver the cleaning fluid to the liquid applicator.

- 17. An autonomous cleaning robot according to claim 16 wherein said integrated liquid

storage container is configured to be removable from the chassis by a user and for the cleaning
fluid storage container to be filled by and for the waste storage container to be emptied by the

user.

18.  An autonomous cleaning robot according to claim 1 further comprising:

a second collecting apparatus configured to collect waste liquid from the cleaning
surface, the waste liquid comprising the cleaning fluid applied by the liquid applicator plus any
contaminates, removed from the cleaning surface by the cleaning fluid; and, wherein the
arrangement of the liquid applicator with respect to the second collecting apparatus causes the
liquid appllcator to precede the second collecting apparatus over the cleamng surface as the

chassis is transported in the forward direction.

19. An autonomous cleaning robot according to claim 18 further comprising:

a smearing element attached to the chassis and configured to smear the cleaning fluid
applied onto the cleaning surface to more uniformly spread the cleaning fluid over the cleaning
surface; and,

wherein the arrangement of the liquid applicator with respect to the smearing element
causes the liquid applicator to precede the smearing element over the cleaning surface when

transporting the chassis in a forward direction.

20.  An autonomous cleaning robot according to claim 19 further comprising a waste storage
container, attached to the chassis and configured to receive the loose particulates from the first

collecting apparatus and to receive the waste liquid from the second collecting apparatus therein.

21.  An autonomous cleaning robot according to claim 20 wherein the waste storage container

is configured to be removable from the chassis by a user and to be emptied by the user.
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22.  An autonomous cleaning robot according to claim 21 further comprising a cleaning fluid
storage container, attached to the chassis and configured to store a supply of the cleaning fluid

therein and to deliver the cleaning fluid to the liquid applicator.

23.  Anautonomous cleaning robot according to claim 22 wherein said cleaning fluid storage

container is configured to be removable from the chassis by a user and to be filled by the user.

24.  An autonomous cleaning robot according to claim 19 further comprising:

an integrated liquid storage container, attached to the chassis, and formed with two
separate container portions comprising;

a waste storage container portion configured to receive the loose particulates from the
first collecting apparatus and to receive the waste liquid from the second collecting apparatus
therein; and,

a cleaning fluid storage container configured to store a supply of the cleaning fluid

therein and to deliver the cleaning fluid to the liquid applicator.

25.  An autonomous cleaning robot according to claim 24 wherein said integrated liquid
storage container is configured to be removable from the chassis by a user and for the cleaning
fluid storage container to be filled by and for the waste storage container to be emptied by the

user.

26.  An autonomous cleaning robot according to claim 1 further comprising:

a motive drive subsystem attached to chassis for transporting the chassis over the
cleaning surface;

a power module attached to the chassis for delivering electrical power to each of a
plurality of power consuming subsystems attached to the chassis; and,

a master control module attached to the chassis for controlling the motive drive module,
the first collecting apparatus, and the liquid applicator, to autonomously transport the robot over

the cleaning surface and to autonomously clean the cleaning surface.

27.  An autonomous cleaning robot according to claim 26 further comprising:

a sensor module configured to sense conditions external to the robot and to sense
conditions internal to the robot and to generate electrical sensor signals in response to sensing
said conditions;

a signal line for communicating the electrical sensor signals to the master control module;

and,
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a controller incorporated within the master control module for implementing predefined

operating modes of the robot in response to said conditions.

28.  Anautonomous cleaning robot according to claim 27 further comprising:

a user control module configured to receive an input command from a user and to
generate an electrical input signal in response to the input command;

a signal line for communicating the electrical input signal to the master control module;
and,

a controller incorporated within the master control module for implementing predefined

operating modes of the robot in response to the input command.



WO 2006/089307 PCT/US2006/006550

- 124 -

29.  Anautonomous cleaning robot according to claim 28 further comprising an interface
module attached to the chassis and configured to provide an interface between an element

external to the robot and at least one element attached to the chassis.

30.  An autonomous cleaning robot according to claim 29 wherein the element external to the

robot comprises one of a battery-charging device and a data processor.

31. Anautonomous cleaning robot according to claim 8 further comprising an interface
module attached to the chassis and configured to provide an interface between an element

external to the robot and at least one element attached to the chassis.

32.  An autonomous cleaning robot according to claim 31 wherein the element external to the
robot comprises one of a battery-charging device, a data processor, a device for autonomously
filling the cleaning fluid storage container with cleaning fluid, and a device for autonomously

emptying the waste liquid container.

33.  Anautonomous cleaning robot according to claim 18 wherein the first collecting
apparatus comprises:

an air jet port, attached to the chassis disposed at a first edge of the cleaning width and
configured to blow a jet of air across the cleaning width proximate to the cleaning surface, to
thereby force loose particulates on the cleaning surface to move away from the first edgeina
direction generally parallel with the transverse axis;

an air intake port, attached to the chassis and disposed at a second edge of the cleaning
width, opposed from the first edge and proximate to the cleaning surface for suctioning up the
loose particulates;

a waste storage container configured to receive the loose particulates from the air intake
port, and,

a fan assembly configured to generate a negative pressure within the waste storage

container.

34, Anautonomous cleaning robot according to claim 33 wherein the fan assembly is further

configured to generate a positive air pressure at the air jet port.

35.  Anautonomous cleaning robot according to claim 18 wherein the second collecting

apparatus comprises:
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a squeegee attached to the chassis and formed with a longitudinal ridge disposed
proximate to the cleaning surface and extending across the cleaning width for providing a liquid
collection volume at a forward edge of the ridge, said longitudinal ridge collecting waste liquid
within the liquid collection volume as the chassis is transported in the forward direction;

a vacuum chamber partially formed by the squeegee disposed proximate to the
longitudinal ridge and extending across the cleaning width;

a plurality of suction ports passing through the squeegee for providing a plurality of fluid
passages for fluidly connecting the liquid collection volume and the vacuum chamber; and,

a vacuum for generating a negative air pressure within the vacuum chamber for drawing

waste liquid collected within the liquid collection volume into the vacuum chamber.

36.  Anautonomous cleaning robot according to claim 35 further comprising:

a waste storage container configured to receive the waste liquid from the vacuum
chamber,

at least one fluid conduit fluidly connecting the vacuum chamber and the waste storage
container; and,

a fan assembly configured to generate a negative air pressure within the waste storage
container and the vacuum chamber to thereby suction waste liquid up from the cleaning surface

and deposit the waste liquid in the waste storage container.

37.  Anautonomous cleaning robot according to claim 33 wherein the second collecting
apparatus comprises:

a squeegee attached to the chassis and formed with a longitudinal ridge disposed
proximate to the cleaning surface and extending across the cleaning width for providing a liquid
collection volume at a forward edge of the ridge, said longitudinal ridge collecting waste liquid
within the liquid collection volume as the chassis is transported in the forward direction;

a vacuum chamber partially formed by the squeegee disposed proximate to the
longitudinal ridge and extending across the cleaning width;

a plurality of suction ports passing through the squeegee for providing a plurality of fluid
passages for fluidly connecting the liquid collection volume and the vacuum chamber; and,

a vacuum for generating a negative air pressure within the vacuum chamber for drawing

waste liquid collected within the liquid collection volume into the vacuum chamber.
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38.  An autonomous cleaning robot according to claim 37 further comprising:

a waste storage container configured to receive the waste liquid from the vacuum
chamber,

at least one fluid conduit fluidly connecting the vacuum chamber and the waste storage
container; and,

a fan assembly configured to generate a negative air pressure within the waste storage
container and the vacuum chamber to thereby suction waste liquid from the cleaning surface and

deposit the waste liquid in the waste storage container.

39.  An autonomous cleaning robot according to claim 38 wherein the fan assembly is

configured to generate a positive air pressure at the air jet port.

40.  An autonomous cleaning robot for transporting cleaning elements over a cleaning surface
comprising:

a chassis, supported in rolling contact with the cleaning surface for transporting the
chassis in a forward direction defined by a fore-aft axis, the chassis being further defined by a
transverse axis;

a first cleaning zone comprising cleaning elements attached to the chassis and arranged to
collect loose particulates from the cleaning surface across a cleaning width, the cleaning width
being disposed generally perpendicular with the fore-aft axis;

a second cleaning zone comprising cleaning elements attached to the chassis and
arranged to apply a cleaning fluid onto the cleaning surface and to collect a waste liquid from the
cleaning surface across the cleaning width, said waste liquid comprising the cleaning fluid plus
any contaminates removed from the cleaning surface by the cleaning fluid; and,

a motive drive subsystem controlled by a master control module and powered by a power
module, the motive drive subsystem, master control module and power module each being
electrically interconnected and attached to the chassis configured to autonomously transporting

the robot over the cleaning surface and to clean the cleaning surface.

41.  An autonomous cleaning robot according to claim 40 wherein the robot is configured
with a circular cross-section having a vertical center axis and wherein said fore-aft axis, said
transverse axis and said vertical axis are mutually perpendicular and wherein the motive drive
subsystem is configured to rotate the robot about the center vertical axis for changing the

orientation of the forward travel direction.
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42. A surface cleaning apparatus comprising;:

a chassis defined by a fore-aft axis and a perpendicular transverse axis, the chassis being
supported for transport over the surface along the fore-aft axis, the chassis including a first
collecting apparatus attached thereto and configured to collect loose particulates from the surface
over a cleaning width disposed generally parallel with the transverse axis, the first collecting
apparatus comprising:

an air jet port configured to expel a jet of air across the cleaning width;

an air intake port configured to draw air and loose particulates in; and,
wherein the air jet port and the air intake port are disposed at opposing ends of the cleaning
width with the air jet port expelling the jet of air generally parallel with the surface and generally

directed toward the air intake port.

43. A surface cleaning apparatus according to claim 42 wherein the first collecting apparatus

further comprises:

a channel formed with generally opposed forward and aft edges, extending generally
parallel with the transverse axis across the cleaning width, and generally opposed left and right
edges, extending generally orthogonal to said forward and aft edges; and,
wherein the air jet port is disposed at one of said left and right edges and the air intake port is

disposed at the other of said left and right edges.

44. A surface cleaning apparatus according to claim 43 further comprising a first compliant
doctor blade disposed across the cleaning width and fixedly attached to a bottom surface of the
chassis proximate to said aft edge and extending from said bottom surface to the surface for

guiding the jet of air and loose particulates across the cleaning width.

45. A surface cleaning apparatus according to claim 44 further comprising a second
compliant doctor blade fixedly attached to said bottom surface and extending from said bottom

surface to the surface, for guiding the jet of air and loose particulates into the air intake port.

46. A surface cleaning apparatus according to claim 42 further comprising the following
elements attached to the chassis:

a rotary fan motor having a fixed housing and a rotating shaft extending therefrom;

a fan impeller configured to move air when rotated about a rotation axis, said fan impeller

being fixedly attached to the rotating shaft for rotation about the rotation axis by the fan motor;



13
14
15
16
17
18

= O S

(F%] —

[“=R e Y S "SI G e

WO 2006/089307 ‘ PCT/US2006/006550

- 128 -

a housing for housing the fan impeller in a hollow cavity formed therein and for fixedly
supporting the motor fixed housing thereon, the housing being further conﬁgured with an air
intake port through which air is drawn in to the cavity, and an air exit port through which air is
expelled out of the cavity when the impeller is rotated; and,

a first fluid conduit fluidly connected between the fan air intake port and the air intake port of

said first collecting apparatus.

47. A surface cleaning apparatus according to claim 46 further comprising a waste storage
container attached to the chassis and fluidly interposed within said first fluid conduit between the

fan air intake port and the air intake port.

48. A surface cleaning apparatus according to claim 47 wherein the waste storage container

is configured to be removable from the chassis by a user and to be emptied by the user.

49. A surface cleaning apparatus according to claim 48 further comprising an air filter
element interposed within said first fluid conduit between the waste storage container and the fan
air intake port for filtering loose contaminates from air being drawn in through the fan air intake

port.

50. A surface cleaning apparatus according to claim 49 further comprising a second fluid
conduit fluidly connected between the fan exit port and the air jet port of said first collecting

apparatus.

SI. A surface cleaning apparatus according to claim 42 further comprising a second
collecting apparatus attached to the chassis and disposed aft of the first collecting apparatus for

collecting liquid from the surface over the cleaning width.

52. A surface cleaning apparatus according to claim 51 wherein the second collecting zone
comprises: |

a squeegee fixedly aitached to the chassis aft of the first collecting apparatus and
extending from a bottom surface of the chassis to the surface across the cleaning width for
collecting liquid in a liquid collection volume formed between the squeegee and the surface, the
squeegee further forming a vacuum chamber and providing a plurality of suction ports disposed
across the cleaning width and fluidly connecting the vacuum chamber and the liquid collection

volume; and,
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9  avacuum for generating a negative air pressure inside the vacuum chamber to thereby draw

10 liquid into the vacuum chamber through the plurality of suction ports fluidly connected with the

11 collection volume.
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53. A surface cleaning apparatus according to claim 52 further comprising the following
elements attached to the chassis :

a rotary fan motor having a fixed housing and a rotating shaft extending therefrom;

a fan impeller configured to move air when rotated about a rotation axis, said fan
impeller being fixedly attached to the rotating shaft for rotation about the rotation axis by the fan
motor;

a housing for housing the fan impeller in a hollow cavity formed therein and for fixedly
supporting the motor fixed housing thereon, the housing being further configured with an air
intake port through which air is drawn in to the cavity, and an air exit port through which air is
expelled out of the cavity when the impeller is rotated;

a first fluid conduit fluidly connected between the fan air intake port and the air intake
port of said first collecting apparatus; and,

a third fluid conduit fluidly connected between the fan air intake port and the vacuum chamber.

54. A surface cleaning apparatus according to claim 53 further comprising a second fluid
conduit fluidly connected between the fan exit port and the air jet port of said first collecting
apparatus
55. A surface cleaning apparatus according to claim 51 further comprising a waste storage
container attached to the chassis and configured to store the liquid collected from the surface.56.
A surface cleaning apparatus according to claim 53 further comprising a waste storage
container attached to the chassis and configured to store the liquid collected from the surface,
said waste storage container being fluidly interposed within said third fluid conduit.
57. A surface cleaning apparatus according to claim 54 further comprising a waste storage
container attached to the chassis and configured to store the liquid collected from the surface,
said waste storage container being fluidly interposed within said first and said third fluid

conduits.

58. A surface cleaning apparatus according to claim 54 wherein said waste storage container
comprises:

a sealed waste container for storing loose particulates collected by the first collecting
apparatus and for storing liquid collected by the second collecting apparatus and having at least

one access port formed therein for emptying waste from the container; and,
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a plenum incorporated into a top wall of the sealed container such that the plenum is
disposed vertically above the sealed waste container during operation of the cleaning apparatus;
and wherein the plenum is configured with ports for fluidly interposing within each of said first,

said second and said third fluid conduits.

59. A surface cleaning apparatus according to claim 58 wherein the waste storage container

is configured to be removable from the chassis by a user and to be emptied by the user.

60. A surface cleaning apparatus according to claim 58 further comprising:

a cleaning fluid applicator assembly , attached to the chassis between the first collecting
apparatus and the second collecting apparatus for applying a cleaning fluid onto the surface
across the cleaning width; and,

a sealed cleaning fluid storage container for holding a supply of the cleaning fluid therein
the storage container including at least one access port formed therein for filling the container

with the cleaning fluid.

61. A surface cleaning apparatus according to claim 60 wherein said sealed waste container
and said sealed cleaning fluid container are integrated into a liquid storage container module and
wherein the integrated liquid storage container module is configured to be removable from the

chassis by a user for filling with cleaning fluid and for emptying waste therefrom.
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62. A surface cleaning apparatus according to claim 61 further comprising:

a smearing element attached the chassis aft of the liquid applicator assembly and
configured to smear the cleaning fluid across the cleaning width; and,
a scrubbing element attached to the chassis aft of the smearing element for scrubbing the surface

across the cleaning width.

63. A surface cleaning apparatus according to claim 62 further comprising a motive drive
subsystem controlled by a master control module and power by a power module , each attached

to the chassis , for autonomously transporting the surface cleaning apparatus over the surface.

64. A surface cleaning apparatus according to 63 further comprising:

a sensor module configured to sense conditions and to generate electrical sensor signals
in response to sensing said conditions;

a signal line for communicating the electrical sensor signals to the master control module;
and,
a controller incorporated within the master control module for implementing predefined

operating modes in response to sensing said conditions.

65. A surface cleaning apparatus according to claim 42 further comprising a motive drive
subsystem controlled by a master control module and power by a power module , each attached

to the chassis, for autonomously transporting the surface cleaning apparatus over the surface.

66. A surface cleaning apparatus according to 65 further comprising:

a sensor module configured to sense conditions and to generate electrical sensor signals
in response to sensing said conditions;

a signal line for communicating the electrical sensor signals to the master control module;
and,
a controller incorporated within the master control module for implementing predefined

operating modes in response to sensing said conditions.

67. A surface cleaning apparatus comprising;

an autonomous transport drive subsystem controlled by a master control module , a
sensor module for sensing conditions, a power module and cleaning elements all supported on a
chassis and powered by the power module for moving the chassis over the surface in accordance

with predefined operating modes and in response to conditions sensed by the sensor module , the
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elements being configured with a cleaning width disposed generally orthogonal to a forward
transport direction and wherein the cleaning elements comprise:

a first collecting apparatus for collecting loose particulates from the surface across
the cleaning width, said first collecting apparatus A being positioned on the chassis to
advance over the surface first as the chassis is transported in a forward transport
direction;

a cleaning fluid applicator for applying cleaning fluid onto the surface across the
cleaning width, said cleaning fluid applicator being positioned on the chassis to advance
over the surface second as the chassis is transported in a forward transport direction;

a smearing element for smearing the cleaning fluid applied onto the surface across
the cleaning width, said smearing element being positioned on the chassis to advance
over the surface third as the chassis is transported in a forward transport direction;

an active scrubbing element for actively scrubbing the surface across the cleaning
width, said active scrubbing element being positioned on the chassis to advance over the
surface fourth as the chassis is transported in a forward transport direction;

a second collecting apparatus for collecting waste liquid from the surface, said
second collecting apparatus being positioned on the chassis to advance over the surface
fifth as the chassis is transported in a forward transport direction; and,

an integrated storage container module comprising a waste storage container for storing loose
particulates collected by said first collecting apparatus and waste liquid collected by said second
collecting apparatus, a cleaning fluid supply container for storing a supply of the cleaning fluid,
and wherein the integrated storage container module is configured to be removed from the
chassis by a user, filled with cleaning fluid and emptied of waste and then reinstalled onto the

chassis by the user.

68. A surface cleaning apparatus comprising:

a chassis defined by a fore-aft axis and a perpendicular transverse axis for supporting
cleaning elements thereon and for transporting the cleaning elements over the surface along the
fore-aft axis and wherein the cleaning elements are disposed to clean across a cleaning width
disposed generally orthogonal to the fore-aft axis with a left end and a right end defining

opposing edges of the cleaning width; and,
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7 aliquid applicator comprising at least one nozzle disposed at one of said left end and said right
8  end for ejecting cleaning fluid therefrom, said cleaning fluid being ejected with sufficient

9  volume and pressure to distribute cleaning fluid across the cleaning width.
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69. A surface cleaning apparatus according to claim 68 wherein the cleaning fluid comprises

water.

70. A surface cleaning apparatus according to claim 68 wherein the cleaning fluid further
comprises any one of soap, solvent, fragrance, disinfectant, emulsifier, drying agent and abrasive

particulates.

71. A surface cleaning apparatus according to claim 68 further comprising a smearing
element attached to the chassis aft of the position of the at least one nozzle and extending from

the chassis to the surface across the cleaning width for smearing the cleaning fluid.

72. A surface cleaning apparatus according to claim 68 further comprising a scrubbing
element attached to the chassis aft of the position of the at least one nozzle and extending from

the chassis to the surface across the cleaning width for scrubbing the surface.

73. A surface cleaning apparatus according to claim 68 further comprising a scrubbing
element attached to the chassis aft of the position of the at least one nozzle and extending from

the chassis to the surface across the cleaning width for scrubbing the surface.

74. A surface cleaning apparatus according to claim 68 further comprising a collecting
apparatus attached to the chassis aft of the position of the at least one nozzle and extending from

the chassis to the surface across the cleaning width for collecting waste liquid from the surface.

75. A surface cleaning apparatus according to claim 74 wherein the liquid applicator
comprises:

a first nozzle disposed at the left end for ejecting cleaning fluid therefrom, said cleaning
fluid being ejected from the first nozzle with sufficient volume and pressure to distribute
cleaning fluid across the cleaning width,

a second nozzle disposed at the right end for gjecting cleaning fluid therefrom, said
cleaning fluid being ejected from the second nozzle with sufficient volume and pressure to
distribute cleaning fluid across the cleaning width; and,

wherein the first nozzle and the second nozzle are co-located on the fore-aft axis.

76. A surface cleaning apparatus according to claim 75 wherein each of the first and second
nozzles ejects a discrete burst cleaning fluid in accordance with a burst frequency and wherein
the burst frequency of the first nozzle is substantially opposite in phase with respect to the burst

frequency of the second nozzle.
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77. A surface cleaning apparatus according to claim 68 further comprising an autonomous
transport drive subsystem, a sensor module for sensing conditions and a power module all
supported by the chassis and controlled by a master control module to autonomously move the
cleaning elements substantially over the entire surface over the surface in accordance with

predefined operating modes and in response to conditions sensed by the sensor module.

78. A surface cleaning apparatus according to claim 74 further comprising an autonomous
transport drive subsystem, a sensor module for sensing conditions and a power module all
supported by the chassis and controlled by a master control module to autonomously move the
cleaning elements substantially over the entire surface over the surface in accordance with

predefined operating modes and in response to conditions sensed by the sensor module.

79. A surface cleaning apparatus according to claim 76 further comprising an autonomous
transport drive subsystem, a sensor module for sensing conditions and a power module all
supported by the chassis and controlled by a master control module to autonomously move the
cleaning elements substantially over the entire surface over the surface in accordance with

predefined operating modes and in response to conditions sensed by the sensor module.

80. A surface cleaning apparatus according to claim 79 wherein the master control module is
configured to vary the burst frequency in accordance with a desired rate for applying cleaning

fluid onto surface.

81. A surface cleaning apparatus according to claim 79 wherein the master control module is
configured to vary the burst frequency to apply cleaning fluid onto the surface at a substantially

uniform volume of approximately 2 ml per square foot.

82. A surface cleaning apparatus according to claim 77 further comprising:

a liquid storage container, carried on the chassis, for storing a supply of the cleaning fluid
therein;

a diaphragm pump assembly configured with a first a first pump portion for drawing
cleaning fluid from the container and for delivering the cleaning fluid to the at least one nozzle;
and,

a mechanical actuator for mechanically actuating the first pump portion.

83. A surface cleaning apparatus according to claim 75 further comprising:
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an autonomous transport drive subsystem, a sensor module for sensing conditions and a
power module all supported by the chassis and controlled by a master control module to
autonomously move the cleaning elements substantially over the entire surface over the surface
in accordance with predefined operating modes and in response to conditions sensed by the
sensor module

a liquid storage container, carried on the chassis, for storing a supply of the cleaning
fluid therein;

a diaphragm pump assembly having a first a first pump portion for drawing cleaning fluid
from the container and for delivering the cleaning fluid to the first nozzle and a second pump
portion for drawing cleaning fluid from the container and for delivering the cleaning fluid to the
second nozzle; and,

a mechanical actuator for mechanically actuating the first pump portion and the second pump

portion.

84. A surface cleaning apparatus according to claim 83 wherein the diaphragm pump
assembly comprises:

a flexible element mounted between a non-flexible upper chamber element and a non-
flexible lower chamber element, said flexible element being formed with a first pump chamber
and a first actuator nipple attached thereto and a second pump chamber and a second actuator
nipple attached thereto;

an actuator link pivotally attached to the pump assembly for pivoting between a first
actuator position and a second actuator position, the actuator link being fixedly attached to each
of said first and said second actuator nipples and wherein movement of the actuator link toward
the first actuator position decreases the volume the first pump chamber and increases the volume

of the second pump chamber and further wherein movement of the actuator link toward the

second actuator position increases the volume the first pump chamber and decreases the volume

of the second pump chamber;

a cam element configured with a circumferential cam profile and supported to move the
actuator link between the first actuator position and the second actuator position; and,
a cam rotary drive, controlled by the master controller, for rotating the cam element in

accordance with a cam rotary drive pattern.

85. A method for cleaning a surface with a cleaning apparatus, comprising:
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transporting a chassis over the surface in a forward transport direction defined by a
defined by a fore-aft axis, said chassis including cleaning elements supported thereon, and
wherein the cleaning elements have a cleaning width disposed generally orthogonal to the fore-
aft axis and wherein the cleaning width has a left end and an opposing right end; and,
ejecting a volume of cleaning fluid from a first nozzle attached to the chassis at one of said left
end and said right end, ®aid first nozzle being configured to eject cleaning fluid therefrom, said
cleaning fluid being ejected with sufficient volume and pressure to distribute cleaning fluid

across the cleaning width.

86. A method for cleaning a surface according to claim 85 further comprising:

ejecting a volume of cleaning fluid from a second nozzle attached to the chassis at the
other of said left end and said right end and co-located on the fore-aft axis with respect to the
first nozzle, said second nozzle being configured to eject cleaning fluid therefrom, said cleaning
fluid being ejected with sufficient volume and pressure to distribute cleaning fluid across the
cleaning width; and,
gjecting cleaning fluid from each of the first nozzle and the second nozzle in discrete bursts of
cleaning fluid in accordance with a burst frequency and wherein the burst frequency of the first

nozzle is substantially opposite in phase with respect to the burst frequency of the second nozzle.

87. A method according to claim 86 further comprising smearing the cleaning fluid across
the cleaning width using a smearing element attached to the chassis aft of the co-located position
of the first nozzle and the second nozzle, said smearing element extending across the cleaning
width.
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88. A method according to claim 86 further comprising scrubbing the surface across the
cleaning width using a scrubbing element attached to the chassis aft of the co-located position of
the first nozzle and the second nozzle, said scrubbing element extending across the cleaning
width.

89. A method according to claim 86 further comprising collecting waste liquid from the
surface across the cleaning width using a collecting apparatus attached to the chassis aft of the
co-located position of the first nozzle and the second nozzle, said collecting apparatus extending

across the cleaning width.

90. A method according to claim 86:

wherein the chassis further includes an autonomous transport drive subsystem, a sensor
module for sensing conditions and a power module all supported thereon and controlled by a
master control module and wherein transporting the chassis over the surface further comprises:
controlling the transport drive subsystem in accordance with predefined operating modes and in
response to conditions sensed by the sensor module to transport the cleaning elements

substantially over the entire surface.

91. A surface treatment robot, comprising:

a robot body having an outer perimeter formed substantially as a shape of constant width,
driven forward by at least one circulating member; '

a dispensed material compartment that holds material to be dispensed by the robot;

a wet cleaning head that employs at least one wet cleaning member to clean along a
cleaning width line of the robot with the assistance of dispensed material, the wet cleaning head
defining a cleaning width; and

a waste material compartment that holds material picked up by the robot;

each of the dispensed material compartment and waste material compartment being
shaped and positioned to place the center of gravity of the dispensed material compartment
volume less than ¥z of the cleaning width from the center of gravity of the waste material

compartment volume.

92.  The cleaning robot according to claim 91, each of the dispensed material compartment
and waste material compartment being shaped and positioned to place the combined center of
gravity of the dispensed material compartment volume and the waste material compartment

volume less than ¥ the cleaning width from an center of the at least one circulating member.
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93.  The cleaning robot according to claim 91, each of the dispensed material compartment
and waste material compartment being shaped and positioned to place of the center of gravity of
the dispensed material compartment volume substantially directly above or below the center of

gravity of the waste material compartment volume.

94. A surface treatment robot, comprising:

a robot body having an outer perimeter formed substantially as a shape of constant width,

at least two circulating drive members that drive the robot body forward and steer the
robot body;

a dispensed fluid compartment that holds fluid to be dispensed by the robot; and

a powered scrubber that drives at least one scrubbing element to clean, with the
assistance of dispensed fluid, substantially along a line of maximum width of the shape of
constant width, the driven scrubbing element extending to substantially within 1 cm of a

tangential edge of the robot body.

9s. The surface treatment robot according to claim 94, wherein the at least two circulating
drive members are placed along a line at which the width of the robot is less than the maximum

width of the robot.

96. The surface treatment robot according to claim 94, further comprising:

a wet vacuum that picks up the dispensed fluid after the scrubbing element has cleaned
with the assistance of the dispensed fluid; and

a waste fluid compartment that holds fluid picked up by the wet vacuum unit, wherein the
waste fluid compartment and dispensed fluid compartment are integral compartments within a

same fluid tank module that is readily removable as a module from the robot body.

97. A surface treatment robot, comprising:

a robot body having an outer perimeter formed substantially as a shape of constant width,
driven forward by at least one rotating member;

a dispensed fluid compartment that holds fluid to be dispensed by the robot;

a powered wet cleaning head that employs at least one powered wet cleaning member to
clean a cleaning width along a cleaning width line of the robot with the assistance of dispensed
fluid; and

a waste material compartment that holds waste fluid picked up by the robot;
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the wet cleaning head having a cleaning width with respect to total robot mass of the
robot body, dispensed material compartment when empty, wet cleaning head, and waste material
compartment when full of waste fluid picked up by the robot, of more than or equal to three

centimeters of cleaning width per kilogram of total robot mass.

98.  The surface treatment robot according to claim 97, the powered wet cleaning head
including a powered circulating scrubber that scrubs the surface to be cleaned along a cleaning

width line of the robot with the assistance of dispensed fluid.

99.  The surface treatment robot according to claim 97, the powered wet cleaning head

including a powered wet vacuum that picks up the waste fluid.

100. A surface treatment robot, comprising:

a robot body having an outer perimeter formed substantially as a shape of constant width,
driven forward by at least one rotating member;

a wet cleaning head that employs at least one circulating wet cleaning member to clean
a cleaning width along a cleaning width line of the robot with the assistance of dispensed fluid;

a tank that accommodates a fluid compartment for storing fluid, the robot body including
a mount that receives the tank;

a fluid connection between the tank and the robot body;

a vacuum connection between the tank and the robot body;

a coupling that mechanically engages the tank to the robot body, the engagement of the

coupling simultaneously sealing both the fluid connection and the vacuum connection.

101. The surface treatment robot according to claim 100, wherein the tank forms at least one
quarter of the outer profile of the robot, wherein engagement of the coupling engagement of

completes a substantially smooth outer profile of the robot.

102. The surface treatment robot according to claim 100, wherein the tank forms at least one
quarter of the outer peripheral surface of the robot including a part of the perimeter of the shape
of constant width, and wherein engagement of the coupling engagement of substantially

completes the perimeter of the shape of constant width.
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