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(54) Title: ROLLER BRUSH FOR SURFACE CLEANING ROBOTS

FIG. 10A

(57) Abstract: A roller brush (310, 310a, 310b) for a cleaning appliance (100) that includes a brush core (314) defining a longitud-
inal axis of rotation (X4, Xz) and three or more dual rows (325) of bristles (318, 320, 330) disposed on and equidistantly spaced
along a circumference the brush core. Each dual row of bristles includes a first bristle row (325a) of a first bristle composition and
having a first height (Lg, Lg;) and a second bristle row (325b) of a second bristle composition stiffer than the first bristle composi-
tion and having a second height (Ls, LB5). The second bristle row is circumferentially spaced from the first bristle row by a gap (Dc¢)
less than or equal to 10% of the first height. Also, the first height is less than or equal to 90% of the second height.
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Roller Brush For Surface Cleaning Robots

TECHNICAL FIELD

[6061] This disclosure relates to roller brushes for surface cleaning robots.
BACKGROUND
[6662] A vacuum cleaner generally uses an air pump to create a partial vacuum for

ffting dust and dirt, usually frora floors, and optionally from other surfaces as well. The
vacuum cleaner typically collects dirt either in a dust bag or a cyclone for later disposal.
Vacuurn cleaners, which are used in homes as wel as in industry, exist in a variety of
sizes and models, such as small battery-operated hand-held devices, domestic central
vacuum cleaners, huge stationary industrial appliances that can handle several hundred
titers of dust before being emptied, and self-propelled vacuum trucks for recovery of
farge spills or removal of contaminated soil.

16083] Autonomous robotic vacoum cleaners generally navigate, under normal
operating conditions, a living space and common obstacles while vacuuming the floor.
Auntonomous robotic vacuum cleaners generally tnclude sensors that allow it to avord
obstacles, such as walls, furniture, or stairs. The robotic vacuum cleaner may alter its
drive direction {¢.g., turn or back-up) when it bumps nto an obstacle. The robotic
vacuum cleaner may also alter drive direction or driving pattern upon detecting
exceptionally dirty spots on the floor. Hair and other debris can becorne wrapped around
the brushes and stalling the brushes from their rotation, therefore, making the robot less

efficient in its cleaning.

SUMMARY
6084 One aspect of the disclosure provides a rotatable roller brush for a cleaning
appliance. The roller brush inchades a brush core defining a longitudinal axis of rotation
and three or more dual rows of bristles disposed on and cquidistantly spaced along a
circumference the brush core. Each dual row of bristles includes a first bustle row of a
first bristle composition and having a first height and a second bristle row of a second

bristle composition stiffer than the first bristle composition and having a second height.
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The second bristle row is circumferentially spaced from the first bristle row by a gap
{e.g., measured as a cord distance along the surface of the brush core} less than or equal
to 10% of the first height. Also, the first height is less than or equal to 90% of the second
height.

3065} Implementations of the disclosure may inchade one or more of the following
features. In sorme tmplomentations, the first bristle row of cach dual bristle row 18
forward of the secound bustle tow 1u a direction of rotation of the roller brush. The roller
brush may include elastomeric vanes arranged between and substantially parailel to the
bristle rows. Each vane extends from a fivst end attached to the brush core to a second
end unattached from the brush core. The vanes may have a third height less than the
sccond height of the second bristle row.

8686} in some implementations, the first bristle row and second bristle row each
define a chevron shape arranged longttudinally along the brush core. Each of the bristles
of the first bristle row may have a first diameter less than a second diameter of each of
the bristles of the second bristle row.

16087} Each brush core may define a longitudinally extending T-shaped channel for
releasably receiving a brush element. The brush element includes an anchor defining a T-
shape compliroentary sized for slidable receipt into the T-shaped channel and at least one
dual row of bristles or a vane attached to the anchor.

0068} Another aspect of the disclosure provides a rotatable roller brush assembly for
a cleaning appliance. The roller brush assembly includes a first roller brush and a second
roller brush arranged rotatably opposite the first roller brush. The first roller brush
includes a brush core defining a longitudinal axis of rotation and three or more dual rows
of bristles disposed on and equidistantly spaced along a circumference the brush core.
Fach dual row of bristles includes a first bristle row of a first bristle composition and
having a first height and a scoond bristle row of a second bristle composition stiffer than
the fivst buistie composition and having a second height. The second bristle row is
circumferentially spaced from the first bristle row by a gap {¢.g., measured as a cord
distance slong the surface of the brush core) less than or equal to 10% of the first height.

Also, the first height is less than or equal to 90% of the second height. The second roller
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brush includes a brush core defining a longitudinal axis of rotation and three or more
rows of bristles disposed on and circumferentially spaced about the brash core.

66839} In some implementations, the first bristle row of cach dual bristle row is
forward of the second bristle row 1n a direction of rotation of the roller brush. The first
roller brush may include elastomeric vanes arranged between and substantially parallel to
the bristle rows. Each vanc extends from a first end attached to the brush core of the first
roller brush to a secound end unattached from the brush core of the first roller brash.
Moreover, the vanes may have a third height less than the second height of the second
bristle row.

8616} Additionally or alternatively, the second brush may inclade elastomeric vanes
arranged between and substantially parallel to the bristle rows. Each vane extends from a
first end attached to the brush core of the second roller brush to a second end unattached
from the brush core of the sccond roller brush. The vanes ruay be shorter than the bristles
of the second roller brush.

18011} in some implementations, the rows of bristles of cach roller brush each define
a chevron shape arranged longitudinally along the corresponding brush core. The first
direction of rotation of the first rotatable brush may be a forward rolling direction with
respect to 8 forward drive direction of the rotatable roller brush assembly.

86124 The roiler brush assembly may include a brush bar arranged parallel to and
engaging a bristle row by an engagement distance, measured radially with respect to the
corresponding brush core, of less than or equal to 0.960 inches. The brush bar interferes
with rotation of the engaged roller brush to strip fibers from the engaged bristles.

RY In yet another aspect of the disclosure, a mobile surface cleaning robot
includes a robot body having a forward drive direction and a drive system supporting the
robot body above a floor surface for mancuvenng the robot across the floor surface. The
drive system includes right and left drive wheels disposed on corresponding right and left
portions of the robot body. The robot includes a caster wheel asserubly disposed
rearward of the drive wheels and a cleaning system supported by the robot body forward
of the drive wheels. The cleaning system includes a rotatably driven roller brush, which
inchides a brush core defining a longitudinal axis of rotation and three or more dual rows

of bristles disposed on and cquidistantly spaced along a circurnference the brush core.
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Each dual row of bristles includes a first bristle row of a first bristle composition and
having a first height and a second bristle row of a second bristle composition stiffer than
the first bristle composition and having a second height. The second bristle row is
circumferentially spaced from the first bristle row by a gap {¢.g., measured as a cord
distance along the surface of the brush core) less than or equal to 10% of the first height.
Also, the first height 1s less than or equal to 90% ot the sccond height.

16G14] In soroe 1mplementations, at least 5% of the second beight of the second
bristle row engages with the floor surface. In some cxamples, the first bristle row of cach
dual bristle row is forward of the second bustle row 1u a direction of rotation of the roller
brush. A center of gravity of the robot may be located forward of the drive wheels,
allowing the robot body to pivet forward about the drive wheels. In some cxamples, the
robot body defines a square front profile or a round profile.

[8015] The robot may include at least one clearance regulator roller supported by the
robot body and disposed forward of the drive wheels and rearward of the roller brush.
The at least one clearance regulator provides a minimum clearance height of at lcast Zmm
between the robot body and the floor surface.

16616} in some implementations, the robot includes a second roller brush arranged
rotatably opposite the first roller brash. The second roller brush includes a brash core
defining a longitudinal axis of rotation and three or more rows of bristles disposed on and
circurnferentially spaced about the brush core. The three or roore rows of bristies of the
second brush may be dual-rows of bristies. Each dual row of bristles includes a first
bristle row of a first bristle coraposition and having a first height and a second bristle row
ot a second bristie composition stiffer than the first bristle composition and having a
second height. The second bristle row is circumferentially spaced from the first bristle
row by a gap {e.g., measured as a cord distance along the surface of the brush core) less
than or equal to 10% of the first height. Also, the first height is less than or equal to 30%
of the second height.

18017 The cleaning system may include a collection volume disposed on the robot
body, a plenur arranged over the first and sccond roller brushes, and a conduit in

preumatic communication with the plenum and the collection volume,
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[BG18] Another aspect of the disclosure provides a mobile surface cleaning robot that
includes a robot body, a drive system, a robot controller, and a cleaning system. The
robot body has a forward drive divection. The drive system supports the robot body
above a floor surface for mancuvering the robot across the floor surface, and 1s in
communication with the robot controller. The cleaning system, supported by the robot
body, mcludes first and second roller brushes rotatably supported by the robot body. The
first voller brush inclhudes a brash core defining a longitudinal axis of votation, and at least
two longitudinal rows of bristles circumferentially spaced about the brush core. Each
bristle extends away from a first end attached to the brush core to a second end
unattached from the brush core. The bristles all have substantially the same length. The
robot body rotatably supports the second roller brush rearward of the first roller brush.
The second rolier brush includes a brush core defining a longitudinal axis of rotation, and
at least two longitudinal dual-rows of bristles circumferentially spaced about the brush
core, cach dual-row having a first row of bristles having a first bristle fength and a second
row of bristics adjacent and paraliel the first bristle row and having a second bristle
length different frow the first bristle length. The first and second bristle rows of each
dual-row of bristles are separated circumferentially along the brush core by a cord
distance of less than about ¥4 the first length. Moreover, each bristle extends away from a
first end attached to the brush core to a second end unattached from the brush core.

60619} In sorac implementations, the first bristle length is less than 90% of the second
bristle length. In some examples, the first bristle row of each dual-row of bristles is
forward of the second bristle row in the direction of rotation of the sccond roler brush.
Additionally or alterpatively, the first roller brush may include vanes arranged between
and substantially parallel to the rows of bristles. Each vane includes an elastomeric
material extending from a first end attached to the brush core to a second end unattached
from the brush core. The vanes of the first roller brush may be shorter than the bristles.
In some exaraples, the second roller brush inchudes vanes arranged between and
substantially parallel to the dual-rows of bristles. Each vane includes an elastomeric
material extending from 4 first end attached to the brush core to a second end unattached

from the brush core. The vanes of the second roler brush may be shorter than the
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bristles. In some examples, the rows of bristies of each roller brush cach definc a
chevron shape arranged longitudinally along the corresponding brush core.

166281 in some implementations, the robot inchades first and second brush motors.
The first brush motor 1s coupled to the first roller brush and drives the first roller brush in
a first direction. The second brush motor is coupled to the second roller brush and drives
the sccond roller brush in a second direction opposite the first direction. Additionally or
alternatively, the first direction of rotation may be a forward rolling direction with respect
to the forward drive direction.

18621} In some implementations, each brush core defines a longitudinally extending
T-shaped channel for releasably receiving a brush element. The brush clement includes
an anchor defining a T-shape and 13 coraplimentary sized for shidable receipt mto the T-
shaped channel. The brush element also includes at least one longitudinal row of bristies
or a vane attached to the anchor. The brush clement may include a dual-row of bristles
attached to the anchor. Additionally or alternatively, the brush core may define multiple
equidistantly circumferentially spaced T-shaped channels.

16622} In soroe 1mplementations, the cleaning system includes a brush bar arrange
paraliel to and engaging the bristles of one or both of the roller brushes. The brush bar
interferes with rotation of the engaged roller brush to sirip fibers from the engaged
bristles. In some examples, the cleaning system further includes a collection volume
disposed on the robot body, a plenum arranged over the first and second roller brushes,
and a conduit in pneumatic communication with the plenum and the collection volume.
[6623] Another aspect of the disclosure provides a mobile surface cleaning robot
including a robot body having a forward drive direction and a drive system supporting the
robot body above a floor surface for mancuvering the robot across the floor surface. The
drive system includes right and left drive wheels disposed oun corresponding tight and left
portions of the robot body, and a caster wheel assembly disposed rearward of the drive
wheels. The caster wheel assembly includes a caster wheel supported for vertical
movement and a suspension spring biasing the caster wheel toward the floor surface. The
robot includes a robot controller in communication with the drive systern and a cleaning
system supported by the robot body forward of the drive wheels. The cleaning system

icludes at lcast one cleaning clement configured to engage the floor surface, where the
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suspension spring has a spring constant sufficient to clevate a rear end of the robot body
above the floor surface o maintain engageroent of the at least one cleaning element with
the floor surface.

6624} In some exaraples, the cleaning element includes a roller brush having
bristles. The suspension spring elevates the rear end of the robot body above the floor
surface, causing engageracnt of at least 5% of a bristle length of the roler brush bristies
with the floor surface. Additionally or alternatively, a center of gravity of the robot roay
be located forward of the drive axis, allowing the robot body to pivot forward about the
drive wheels,

16625] in some implementation, the robot includes at least one clearance regulator
disposed on the robot body forward of the drive wheels, The clearance regulator
maintains a minimum clearance height {(e.g., at least 2 mm) between a bottom surface of
the robot body and the floor surface. The clearance regulator(s) may be disposed forward
of the drive wheels and rearward of the cleaning clement(s). Additionally or
alternatively, the clearance regulator(s) is/are roller(s) rotatably supported by the robot
body.

[6626] in some implementations, the at least one cleaning clement inchudes a first
roller brush rotatably supported by the robot body. The first roller brush includes a brush
core defining a longitudinal axis of rotation, and at least two longitudinal rows of bristles
circumterentially spaced about the brush core. Each bristle extends away frorm a first end
attached to the brush core to a second end unattached from the brush core. The bristles
all have substantially the same length. The cleaning element further includes a second
roller brush rotatably supported by the robot body rearward of the first roller brush. The
second roller brush includes a brush core defining a longitudinal axis of rotation, and at
least two longitudinal dual-rows of bristles circumferentially spaced about the brush core.
Each dual-row of bristles includes a first row of bristles having a first bristle length, and a
second row of bristies adjacent and paraliel the fivst bustle row and having a second
bristle length different from the first bristie length. The first and second bristle rows of
cach dual-row of bristles arc separated circumferentially along the brush core by a cord
distance of less than about ¥ the first length. Moreover, each bristle extends away from a

first end attached to the brush core to a second end unattached from the brush core. In



[91]

(53]

WO 2014/151408 PCT/US2014/025665

some examples, the cleaning system includes first and second brush motors. The first
brush motor 18 coupled to the first roller brush and drives the first roller brush in a first
direction. The second brush motor is coupled to the second roller brush and drives the
second roller brush i a second direction opposiie the first direction.

180271 Yet another aspect of the disclosure provides a mobile surface cleaning robot
ineluding a robot body having & forward drive direction and a drive systera supporting the
robot body above a floor surface for mavcuvering the robot across the floor surface. The
drive system includes right and left drive wheel assemblies disposed on corresponding
vight and left portions of the robot body. Hach drive wheel asserably has a drive wheel, a
drive wheel suspension arm having a first end rotatably coupled to the robot body and a
sccond end rotatably supporting the drive wheel, and drive wheel suspension spring
biasing the drive wheel toward the floor surface. The drive system further includes at
fcast one clearance regulator disposed forward of the drive wheels to maintain a
minimum clearance height between a bottom surface of the robot body and the floor
surface. The drive system further includes a caster wheel assembly disposed rearward of
the drive wheels and includes a caster wheel supported for vertical movement and a
suspension spring biasing the caster wheel toward the floor surface. The robot further
includes a robot controller in communication with the drive syster, and a cleaning
system supported by the robot body forward of the drive wheels. The cleaning system
ineludes at least one roller brush configured to engage the tloor surtace and having
bristles. The suspension spring has a spring constant sufficient to clevate a rear end of
the robot body above the tloor surface to maintain engagement of the at least onc roller
brush with the floor surface. In some examples, a forward portion of the robot body has a
flat forward face and a rearward portion of the robet body defines a semi-circular shape.
16628] In sowe 1mplemeuntations, the suspension springs support the robot body a
height above the floor surface that causes engagement of at feast 5 of a bristle length of
the rolier brush bustles with the floor surface. Additionally or alternatively, the drive
wheel suspenston arm may have a length equal to between 70% and 150% of a height of
the robot body. The first end of the drive wheel suspension arm may be disposed on the
robot body below half the height of the robot body. Additionally, the drive wheel

suspension springs together provide a spring force equal to between 40% and 80% of an
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overall weight of the robot. Each drive wheel may have a diameter equal to between 70-
120% of the height of the robot body.

[66G29] In some implementations, the caster wheel suspension spring elevates the rear
end of the robot body above the floor surface to cause engageraent of at least 5% of a
bristle length of the roller brush bristles with the floor surface. A center of gravity of the
robot may be located forward of the drive wheels, allowing the robot body to pivot
forward about the drive wheels.

[6G38] The minimum clearance height may be at least 2 mm. In some examples the
clearance regulator(s} is/are disposed forward of the drive wheels and rearward of the
roller brush{es). Additionally or alternatively, the clearance regulator may be a roller
rotatably supported by the robot body.

6631 In some implementations, the at least one cleaning element includes a first
roller brush rotatably supported by the robot body. The first roller brush inchudes a brush
core defining a longitudinal axis of rotation, and at least two longitudinal rows of bristles
circumferentially spaced about the brush core. Each bristle extends away from a first end
attached to the brush core to a second end unattached from the brush core. The bristles
all have substantially the same length. The cleaning clement further includes a second
roller brush rotatably supported by the robot body rearward of the fivst roller brush. The
second roller brush includes a brush core defining a longitudinal axis of rotation, and at
lcast two longitudinal dual-rows of bristies circumferentially spaced about the brush core.
Each dual-row of bristles includes a first row of bristles having a first bristle length, and a
second row of bristics adjacent and paralicl the first bristle row and having a sccond
bristle length different from the first bristie length. The first and second bristle rows of
cach dual-row of bristles are separated circumferentially along the brush core by a cord
distance of less thao about V4 the first length, Moreover, cach bristle extends away fror a
first end attached to the brush core to a second end unattached from the brush core.

186321 In some implementations, the first bristle length is less than 90% of the second
bristle length. The first bristle row of each dual-row of bristles may be forward of the
sccond bristle row 1n the direction of rotation of the second roller brush.

6033 The first roller brush may include vanes arranged between and substantially

paralicl to the rows of bristles. Each vane includes an elastorneric material that extends
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from a first end attached to the brush core to a second end unattached from the brush
core. The vanes may be shorter than the bristles. Additionally or alternatively, the
second roller brush may include vanes arranged between and substantially paralle] to the
dual-rows of bristles. Each vanc mcluding an clastomeric material that extends from a
first end attached to the brush core to a second end unattached from the brush core, the
vanes being shorter than the bristles. The rows of bristles of cach roller brush may cach
define a chevron shape arranged longitadinally along the corresponding brush core,
[6034] The robot may further inchade first and second brush motors, The first brush
motor may be coupled to the fivst roller brush and way drive the first roller brush 1o a first
direction. The second brush motor may be coupled to the second rolier brush and may
drive the second roller brush in a second direction opposite the first direction. The first
direction of rotation may be a forward rolling direction with respect to the forward drive
direction.

[B035] In some implementations, each brush core defines a longitudinally extending
T-shaped channel for releasably receiving a brush element. The brush element includes
an anchot defining a T-shape and complivaentary sized for slidable receipt wito the T-
shaped channel, and at Icast one longitudinal row of bristles or a vane attached to the
anchor. The brush element may wclude a dual-row of bristles attached to the anchor. In
some examples, the brush core defines nultiple equidistantly circumferentially spaced T-
shaped channels.

[6G36] In some implementations, the cleaning system further includes a brush bar
arranged parallel to and engaging the bristles of one or both of the roller brushes. The
brush bar interferes with rotation of the engaged roller brush to strip fibers from the
engaged bristles. Additionally or alternatively, the cleaning systenm may include a
coliection volume disposed on the robot body, a plenuro arranged over the first and
second roiler brushes, and a conduit in preumatic communication with the plenum and
the collection volume.

188371 The details of one or more implementations of the disclosure are set forth in
the accornpanying drawings and the deseription below. Other aspects, features, and

advantages will be apparent from the deseription and drawings, and from the claims.
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DESCRIPTION OF DRAWINGS
. 118 a perspective view of an exeraplary cleaning robot.
. 2 is a bottom view of the robot shown in FIG. 1.
. 3 18 schematic view of an excmplary robotic system.
. 4 1s a partial exploded view of an exemplary cleaning robot.
. 5 15 a bottom perspective view of the robot shown in FIG. 5.
. 6 18 a section view of the robot shown 1o FIG. 4, along Hue 6-6.
.7 18 a partial bottom view of the brushes of an exemaplary cleaning robot.

. 81s a partial section view of an exemplary cleaming robot, ilustrating a

brush bar arrangement.

(0046}
16047}

of bristles,

[0055)

{6056}

FiG
FIG

FiG.
Fi(.
FIG.
F1G.
MG,
Fi(.
FiG.

. 915 a side view of an exemplary roller brush.

. 10A is a perspective view of an exemplary roller brush having dual-rows

108 is a front view of the roller brush of FIG. 10A.

10C 15 a side view of the roller brush of FIG. 10A.

11 18 a partial section view of an exemplary dual-brush cleaning system.
12A is a bottom schematic view of an exemplary cleaning robot.

128 is a side scheratic view of an exeraplary cleaning robot.

12C is a side schematic view of an exemplary cleaning robot.

12D 1s a schematic view of a wheel of a robot.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

An autonomous robot movably supported can clean a surface while traversing

that surface. The robot can remove debris from the surface by agitating the debris and/or

fifting the debris from the surface by applying a negative pressure (e.g., partial vacuum)

above the surface, and collecting the debris from the surface.

[6G57]

Referring to FIGS. 1-3, in some implementations, a robot 100 includes a body

110 supported by a drive system 120 that can maneuver the robot 100 across the floor

surface 10 based ov a drive coromand having x, y, and 8 components, for example. The

robot body 110 has a forward portion 112 and a rearward portion 114, The drive systern
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120 inchudes right and left driven wheel modules 120a, 120b. The wheel modules 120a,
120b are substantially opposed along a transverse axis X defined by the body 110 and
inchide respective drive motors 122a, 122b driving respective wheels 124a, 124b. The
drive motors 122a, 122b may releasably connect to the body 110 (e.g., via fastencrs or
tool-less connections) with the drive motors 122a, 122b optionally positioned
substantially over the respective wheels 124a, 124b. The wheel modules 120a, 120b can
be releasably aftached to the chassis 110 and forced into engagement with the floor
surface 10 by respective springs. The robot 100 may include a caster wheel 126 disposed
to support a rearward portion 114 of the robot body 110, The robot body 110 supports a
power source 102 {e.g., a battery) for powering any electrical components of the robot
160.

6058 In some examples, the wheel modules 120a, 120b are movable secured {e.g.,
rotatably attach) to the robot body 110 and receive spring biasing {¢.g., between about 5
and 25 Newtons) that biases the drive wheels 124a, 124b downward and away from the
robot body 110. For example, the drive wheels 124a, 124b may receive a downward bias
of about 10 Newtons when moved to a deployed position and about 20 Newtons wheun
moved to a retracted position into the robot body 110. The spring biasing allows the
drive wheels 124a, 124b to maintain contact and traction with the floor surface 106 while
any cleaning clements of the robot 100 contact the floor surface 10 as well.

[6339] The robot 100 can move across the Hoor surface 10 through various
combinations of movements relative to three mutually perpendicular axes defined by the
body 110: a transverse axis X, a forc-aft axis Y, and a central vertical axis 7. A forward
drive direction along the fore-aft axis Y is designated F (sometimes referred to
hereinafter as “forward”), and an aft drive direction along the fore-aft axis Y is
designated A (sometimes referved to hercinafter as “rearward”). The transverse axis X
extends between a right side R and a left side L of the robot 100 substantially along an
axis defined by center points of the wheel modules 120a, 120b.

[8066] Referring to FIGS. 2 and 12B, in some implementations, the robot 100 weighs
about 10-60 N crapty. The robot 100 may have a center of gravity up to 35% of the
distance from the transverse axis X {(e.g., a centerline connecting the drive wheels 124a,

124b) to the front of the robot 100 (i.¢. the forward surface facing the direction of travel)}.
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The roboet 100 may rely on having most of its weight over the drive wheels 1244, 124b to
ensure good traction and mobility on surfaces 10, Moreover, the caster 126 disposed on
the rearward portion 114 of the robot body 110 can support between about 8-25% of the
robot’s weight, and the caster 126 rides on a hard stop while the robot 100 is mobile. The
robot 100 may include one or more clearance regulators 128a, 128b, such as right and left
non-driven wheel 128a, 128b rotatably supported by the robot body 110 adjacent to and
forward of the drive wheels 124a, 124b for supporting between about 0-25% of the
robot’s weight and for ensuring the forward portion 112 of the robot 100 doesn’t siton
the ground wheo accelerating.

8061 A forward portion 112 of the body 110 carrics a bumper 130, which detects
{e.g., via One OF MOre SCNSOrs ) one or more events m a drive path of the robot 100, for
example, as the wheel modales 120a, 120b propel the robot 100 across the floor surface
10 during a cleaning routine. The robot 100 may respond to cvents {e.¢., obstacles, cliffs,
walls} detected by the bumper 130 by controlling the wheel modules 120a, 120b to
mancuver the robot 100 in response to the event {¢.g., away from an obstacle). While
some sensors are described berein as being arvanged on the bumper, these sensors can be
additionally or alternatively arranged at any of various different positions on the robot
160.

186624 A user interface 140 disposed on a top portion of the body 110 receives one or
more user commands and/or displays a status of the robot 100, The uscr intertace 140 15
in communication with a robot controller 150 carried by the robot 100 such that one or
more conmnands received by the user interface 140 can initiate exccution of a cleaning
routing by the robot 100,

166631 Referring to FIGS. 3-5, to achicve reliable and robust autonomous movement,
the robot 100 may include a sensor systern 500 having several differeot types of seusors
530 which can be used in conjunction with one another to create a perception of the
robot’s environment sufficient to allow the robot 100 to make intelligent decisions about
actions to take in that environment. The sensor system 500 may include obstacle
detection obstacle avoidance (ODOA) sensors, communication sensors, navigation
sensors, etc. In some implementations, the sensor system 500 includes ranging sonar

sensors 530a {¢.g., disposed on the forward body portion 112}, proximity chiff sensors
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530b (e.g., infrared sensors), contact sensors, a laser scanner, and/or an imaging sonar.
Additionally or alternatively, the sensors 530 may include, but not limited to, proximity
sensors, sonar, radar, LIDAR (Light Detection And Ranging, which can entail optical
remote sensing that racasurcs propertics of scattered light to find range and/or other
information of a distant target), LADAR (Laser Detection and Ranging), etc., infrared
cliff sensors, contact scusors, a caracra {¢.g., volumetric point cloud imaging, three-
dimeunsional (3D} imaging or depth map sensors, visible light camera and/or infrared
camera), efc.

[8064] The robot controller 150 {executing a control systern) may execute behaviors
that cause the robot 100 to take an action, such as maneuvering in a wall following
manner, 4 floor scrubbing manner, or changing its direction of travel when an obstacle is
detected {¢.g., by a bumper sensor system 400). The robot controller 150 can maneuver
the robot 100 in any direction across the floor surface 10 by mdependently controling the
rotational speed and direction of cach wheel module 120a, 128b. For example, the robot
controller 150 can maneuver the robot 100 in the forward F, reverse (afty A, right R, and
left L directions. As the robot 100 moves substautially along the fore-aft axis Y, the
robot 100 can make repeated alternating right and left turns such that the robot 100
rotates back and forth around the center vertical axis 7 (hereinafter referred to as a wiggle
motion). The wiggle motion can allow the robot 100 to operate as a scrubber during
cleaning operation. Moreover, the wiggle rootion can be used by the robot controller 150
to detect robot stasis. Additionally or alternatively, the robot controller 150 can
mancuver the robot 100 to rotate substantially in place such that the robot 100 can
maneuver-away from an obstacle, for example. The robot controller 150 may direct the
robot 100 over a substantially random {(c.g., pseudo-random) path while traversing the
floor surface 10. The robot controller 150 can be respounsive to one or more seusors 530
{c.g., bump, proximity, wall, stasis, and/or cliff sensors} disposed about the robot 100,
The robot controller 150 can redirect the wheel modales 120a, 120b in response to
signals received from the sensors 530, causing the robot 100 to aveid obstacles and
clutter while treating the floor surface 10, 1 the robot 100 becomes stuck or entangled

during use, the robot controlier 150 may direct the wheel modules 120a, 1200 through a
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serigs of escape behaviors so that the robot 100 can escape and resume normal cleaning
operations.

[68065] Referring to FIG. 3, in some implementations, the robot 100 includes a
navigation system 600 configured to maneuver the robot 100 1 & pscudo-random pattern
across the floor surface 10 such that the robot 100 is likely to return to the portion of the
floor surface 10 upon which cleaning fluid has remained. The navigation system 600
may be a behavior based system stored and/or executed ou the robot controller 150, The
navigation system 600 may communicate with the sensor system 500 to determine and
issue drive commands to the dove system 120.

[8066] Referring to FIGS. 2-8, in some implementations, the robot 100 includes a
cleaning system 160 having a cleaning subsystern 300, such as a dry cleaning systern 300,
The dry cleaning system 300 includes at least one roller brush 310 {e.g., with bristles
and/or beater flaps) extending parallel to the transverse axas X and rotatably supported by
the robot body 118 to contact the floor surface 18, The brush 310 includes first and
second ends 311, 313, cach end 1s relcasably connected to the robot body 110, The
cleaning system 160 inclades a cleaning head 180 for receiving the roller brush 310, The
roller brush 310 may be releasably connected to the cleaning head 180, In the example
shown, the cleaning head 180 is positioned in the forward portion 112 of the robot body
110, In some cxamples, the cleaning head 180 defines a recess 184 having a rectangular
shape for receiving the roller brush{es) 310, The recess 184 allows the brush{es} 310 to
be in contact with a floor surface 10 for cleaning. The cleaning head 180 also defines a
plenum 182 arranged over the roller brush 310, A conduit or ducting 208 provides
prneumatic communication between the plenum 182 and the collection volume 202b.
80671 The roiler brush 3102, 310b may be driven by a corresponding brush motor
312a, 312b or by one of the wheel drive motors 122a, 122b. The driven roller brush 310
agitates debris on the floor surface 10, moving the debris into a suction path for
evacuation to the collection volume 202b. Additionally or alternatively, the driven voller
brush 310 may move the agitated debris off the floor surface 10 and into a collection bin
{not shown} adjacent the rolier brush 310 or into one of the ducting 208, The roller brush

310 may rotate so that the resultant force on the floor 10 pushes the robot 1060 forward.
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The robot body 110 may inchude a removable cover 104 allowing access to the collection
bin, and may inciude a handle 106 for releasably accessing the coliection volume 202b.

[ 6068] In some implementations, the robot body 110 includes a stde brush 140
disposed on the bottorn forward portion 112 of the robot body 110, The side brush 140
agttates debris on the floor surface 10, moving the debris into the suction path of a
vacuum module 162, I some examples, the side brush 140 extends beyond the robot
body 110 allowing the side brush 140 to agitate debus in hard to reach arcas such as
corners and around furniture.

18069] Referring to FIGS. 9-10C, in some implementations, the cleaning system 160
includes first and second roller brushes 310a, 310b. The brushes 310a, 310b rotate
simultancously to rerove dirt frorn a surface 10, Fach brush 310a, 310b includes a brush
core 314 defining a longitudinal axis of rotation X4, X5. The brushes 310a, 310b rotate
strnultaneously about their longitudinal axes of rotation X, Xp to remove dirt from a
surface 10. Moreover, the brushes 310a, 310b may rotate in in the same or opposite
directions about their respective longitudinal axis X, Xp. In some examples, the robot
100 mcludes first and second brush motors 312a, 312b. The first brush motor 312a 18
coupled to the first roller brush 310z and drives the first roller brush 310a in a first
divection. The second brush motor 312b 1s coupled to the second roller brush 310b and
drives the second roller brush 310b in a second direction opposite the first direction. The
first dircction of rotation may be a forward rolling direction with respect to the forward
drive direction F.

16678 Referring to FIGS. 6 and 9, in some implementations, the first roller brush
310a inchudes at least two longitudinal rows 315 of bristles 318 circumferentially spaced
about the brush core 314. Each bristle 318 extends away from a first end 318a attached
to the brush core 314 to a second end 318b unattached froro the brush core 314, The
bristles 318 may all have substantially the same length Ly,

186711 Referring to FIGS. 6 and 10A-10C, m some implementations, the second
roller brush 310b inchides at least two longitudinal dual-rows 325 of bristles 320, 330
circurnferentially spaced about the brush core 314, Each dual-row 325 has a first row
325a of bristles 320 having a first bristle length Lg; and a second row 325b of bristles

330 adjacent and parallel the first bristic row 3252 and having a second bristle length Ly,
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different from the first bristle length Ly, (e.g., the second bristie length Ly, is greater than
the first bristle length Lgi). The first and sccond bristle rows 325a, 325b are separated
circumferentially along the brush core 314 by narrow gap. In some examples, a cord
distance D¢ 1s less than about Y the first bristle length Lp;. In addition, each bristle 320,
3380 may extend away from a first end 320a, 330a attached to the brush core 314 to 2
sccond end 320b, 330b unattached from the brash core 314, In some examples, the first
bristle length Lg; 18 less than 90% of the second bristle length Lgy. Additionally or
alternatively, the first bristle row 325a of cach dual-row 325 of bristics 320, 330 may be
forward of the second row 325b of bristles 338 in the direction of rotation Ry of the
second roller brush 310b.

16672} In some implementations of the sccond roller brush 310b, the first row 3252 of
bristles 320 is formed of a first bristle composition and the second row 325b of bristles
330 1s formed of a sccond bristle composition, and the first bristle composition 1s stiffer
than the second bristle composition. The first bristle length L) may be vo more than
90% of second bristle length Ly, and the first row 325a and second row 325b may be
separated by a narrow gap of no more than 10% of second bristle length Ly (1.e. no more
10% of the length of the longer bristles 330}, In some cxamples, the second roller brush
310b has three or more dual rows of bristies 320, 330 cquudistantly separated along the
circumference of the brush core by 60 to 120 degrees. Having more than five dual rows
325 s costly and also results in excessive power draw on the motor driving the sccond
roller brush 318b. Having fewer than three dual rows 325 results in poor cleaning
performance because the bristles 330 do not contact the surface being cleaned with
sufficient frequency.

180731 The first roller brush 310a may include three or more rows of single height
bristles 318, Addutionally or aliernatively, the first roller brush 310a may wmchude one or
more dual-rows 325 of bristles 320, 330 identical to those shown and described herein
with reference to the second roller brush 310 of FIG. 10C.

18674 Referring again to FIGS. 7 and 9, a bristle offset O in a brush 318 is how far
forward or behind the center axis X, X of the brush 310 the bristles 318, 320, 330 are
mounted with respect to the intended direction Ry of brush 310 rotation. Bristles 318,

320, 330 mounted forward of the center axis X, X will naturally be swept-back when
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contacting the floor 10, while bristles 318, 320, 330 mounted behind the center axis Xa,
Xy will drive the bristles 318, 320, 330 further into the floor 10{resulting i higher power
consuraption and the potential for “brush bounce™). Bristles 318, 320, 330 mounted in
front of the center axis X, Xy of the brush 310 vield longer bristles 318, 320, 330 for the
same effective diameter, creating a brush 310 that is relatively less stiff. As aresult, a
current draw or power consumption while traversing and cleaning a carpeted floor
surface 10 can be signmificantly reduced compared to a rear offset bristle configuration. In
some implementations, the bristles 318, 320, 330 have an offset of between 0 and 3 mm
{c.g., | mm) behind the center axis X, Xp of the brush 310,

16675] in some implementations, a spacing distance Dy, measured along the Y-axis,
between the longitudinal axes of rotation X, Xy 18 greater than or equal to a diameter ¢a,
$r of the brushes 310a, 310b. In some examples, the brushes 310a, 310b are spaced apart
such that distal second ends 318b, 320b, 320c¢ of theiwr respective bristles 318, 320, 330
are distanced by a gap of about 1-10 mm.

16676] Referring agaim to FIGS. 6, 9 and 10A-10C, in some implementations, one or
both brushes 310a, 310b inchide vanes 340 arranged between and substantially parallel to
the rows 315 of bristles 318 or dual-rows 325 of bristles 320, 330. Each vane 340
includes an elastoroeric matenial that extends from a fivst end 340a attached to the brash
core 314 {o a second end 340b unattached from the brush core 314, The vanes 340
prevent hair from wrapping about the brush core 314, Additionally, the vanes 340 keep
the hair towards the outer portion of the brush core 314 for casier removal and cleaning,.
The vancs 340 may cxtend 10 a straight hine or define a chevron shape on the brush core
314. The vanes 340 may be shorter than the bristles 318, 328, 330, The vanes 340
facilitate the removal of hair wrapped around the brush core 314 because the vanes 340
prevent the hair from deeply wrapping tightly around the brush core 314, Additionally,
the vanes 340 increase the airflow past the brushes 310a, 310b, which in turn increases
the deposition of hair and other debris into the dust bin 202b. Since the hair 1s vot deeply
wrapped around the core 314 of the brush 310, the vacuun may still pull the hair off the
brush 310,

166771 in some implementations, cach brush core 314 defines a longitudinally

extending T-shaped channel 360 for releasably receiving a brush cleraent 370, The brush
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element 370 includes an anchor 372 defining a T-shape and complimentary sized for
stidable receipt 1nto the T-shaped channel 360, and at least one longitudinal row of
bristies 31K, 320, 330 or a vane 340 attached to the anchor 372, The T-shaped anchor
372 allows a user to slide the brush element 370 on and off the brush core 314 for
servicing, while also preventing escapement of the bristles during operation of the brush
310. In some cxamples, the channel 360 defines other shapes for releasably receiving a
brush cleracnt 370 having a coraplimentary shape sized for slidably being received by the
channel 360. The channels 360 may be equidistantly circumferentially spaced about the
brush core 314, The vanes 340 have a height Ly less than the height Ly, of the second
bristle row 325b.

[6678] Referring to FIG. 11, in some implementations, particularly those in which the
robot 100 has high power consumption, as the plenum 182 accurmulates debris, the
brushes 310a, 310b may scrape the debris off the plenum 182, thus minirsizing debris
accumulation. In some examples, the dual-row 325 of bristles 320, 330 has a first row
3254 a bristle diameter § of .003-.010 inches {¢.g., 0.009 inches) adjacent and parallel to
a second bristle row 325b having a bristle diarncter ¢y of between 001-007 inches {e.g.,
0.005 inches). The first bristle row 3254 (the lesser diameter bristle row} s relatively
stiffer than the second bristle row 325b (the larger diavocter bristle row) to impede
filament winding about the brush core 314, Moreover, the bristies 320, 330 of at least
one of the bristle rows 3252, 325b may be long enough to interfere with the pleourn 182
keeping the inside of the plenum 182 clean and aliowing for a longer reach info
transitions and grout Hues on the floor surface 10, As the robot 100 picks up hair from
the surface 10, the hair may not be directly transferred from the surface 10 to the
collection bin 202b, but rather may require some time for the hair to migrate from the
brush 310 and into the plenum 182 and then to the collection bin 202b. Denser and/or
stiffer bristles 320, 330 may entrap the hair on the brush 310, causing relatively less
deposition of the hair in the collection bin 202b. Thus, a combination of soft and stiff
bristies 320, 330, where the soft bristles 330 arc longer than the stiff bristies 320, aliows
the hair to be trapped in the longer soft buistles 330 and therefore rograte to the collection
bin 202b faster. Additionally, the combination of denser and/or stiffer bristies 320, 330

enables retrieval of debris, particularly hair, from myriad surface types. The first s row of
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bristles 325a are effective at picking up debris from hard flooring and hard carpet. The
soft bristles are better at being compliant and releasing collected hair nto the plenum.
[6679] As the cleaning system 160 suctions debris from the floor surface 19, dirt and
debris may adhere to the plenum 182 of the cleaning head 180, The cleaning head 180
may releasably connect to the robot body 110 and/or the cleaning system 160 to allow
removal by the user to clean any accumulated dirt or debris from within the cleaning head
180, Rather than requining signmificant disassernbly of the robot 100 for cleaning, a user
can remove the cleaning head [80 (c.g., by releasing tool-less connectors or fasteners) for
emptying the collection volume 202b by grabbing and pulling a handle 106 located on the
robot body 110,

6086 Referring again to FIG. 7, in sorne implementations, the cleaning head
inchudes a wire bail 190 to prevent larger objects {e.g., wires, cords, and clothing) from
wrapping around the brashes. The wire bails may be located vertically or horizontally, or
may include a combination of both vertical and horizontal arrangement.

10081 Referring again to FIG. ¥, in some implementations, the robot 100 includes at
least one brash bar 200a, 200b arranged parallel to and engagivg the bristles 318, 320,
330 of onc of the roller brushes 310a, 310b. The brush bar{s) 200a, 200b interferc with
the rotation of the engaged roller brush 310a, 310b to strip {ibers or filaments from the
engaged bristles 318, 320, 330, As the brushes 310a, 310b rotate to clean a floor surface
10, the bristles 318, 320, 330 make contact with the brush bar 2004, 200b. The brush
bar(s) 200a, 200b agitate debris (e.g., hair) on the ends of the brushes 310a, 310b and
swipes thern into the vacuur airfiow for deposition mnto the collection volume 202b. The
roller brush 310 allows the robot 100 to increase its collection of debris specifically hair
i the collection bin 202b, and reduce hair entangling on the brushes 310a, 310b. In
some examples, a brash bar 200a nterferes romnimally with only the secound bristle row
325b and docs not interfere with the stiffer bristles of the first bristle row 325a. The
brush bar 2004, 200b may interfere with the second end 330b of the softer bristies 330 of
the second bristle row 325b and engage them by an engagement distance E, measured
radially with respect to the corresponding brush core 314, of between 0.010-0.060 inches

of the length Ly, of the softer bristles 330.
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160821 Referring to FIGS. 2, 5, 6, 12A and 128, in some implementations, the robot
100 mcludes a caster wheel asserably 126 located in the rearward portion 114 of the robot
100 and may be disposed about the fore-aft axis V. The caster wheel assembly 126
mcludes a caster wheel 127a supported for vertical movernent and a suspension spring
127b biasing the caster wheel 1272 toward the floor surface 10, The suspension spring
1275 has a spring counstant sufficient to clevate a rearward portion 114 of the robot body
110 above the floor surface 10 to maintain cugagement of the at least one cleaning
clement {e.g. roller brushes 310a, 310b} with the floor surface 10. The suspension spring
127h supports the vear end 116 of the robot body 110 at a height H above the tloor
surface 10 that causcs engagement of at least 5% of a bristle length Ly (c.g., the first
and/or second bristle fength Ly, Lyy)of the roller brush bristles 318, 320, 330 with the
floor surface 10. The center of gravity CG of the robot 100 may be located forward of
the drive axis (0-35%) to help maintain the forward portion 112 of the body 110
downward, causing engagement of the roller brushes 310a, 318b with the floor 10. For
examnpie, that center of gravity placement allows the robeot body 110 to pivot forwards
about the drive wheels 124a, 124b.

[6G83] in some examples, the caster wheel assembly 126 15 a vertically spring-loaded
swivel caster 126 biased to maintain contact with a floor surface 10, The vertically
spring-loaded swivel caster wheel assembly 126 may be used to detect if the robet 100 s
no longer in contact with a floor surface 10 {c.g., when the robot 100 backs up off a stair
allowing the vertically spring-loaded swivel caster 126 to drop). Additionally, the caster
wheel assembly 126 keeps the rear portion 114 of the robot body 110 off the floor surface
10 and prevents the robot 100 from scraping the floor surface 10 as it traverses the
surface 10 or as the robot 100 climbs obstacles. Additionally, the vertically spring-
joaded swivel caster asserbly 126 allows for a tolerance in the location of the center of
gravity CG to maintain contact between the roller brushes 310a, 310b and the floor 10
18884} In some implementations, the robot 100 includes at least one clearance
regulator 12K disposed on the robot body 110 in a forward portion 112, forward of the
drive wheels 124a, 124b. In some cxamples, the clearance regulator 128 1s a roller or
wheel rotatably supported by the robot body 110. The clearance regulator 128 may be

right and left rollers 128a, 128b disposed forward of the drive wheels 124a, 124b and
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rearward of the roller brushes 310, The cicarance regulators/rollers 12¥a, 128b may
maiotain a clearance height C (e.g., at least 3 mm) between a bottorn surface 118 of the
robot body 110 and the floor surface 10.

[B085] Referring to FIGS. 12B-12D, in sorne imaplementations, cach drive wheel
124a, 124b is rotatably supported by a drive wheel suspension arm 123 having a first end
123a pivotally coupled to the robot body 110 and a sccond end 123b rotatably supporting
the drive wheel 124a, 124b, and a drive wheel suspension spring 125 biasing the drive
wheel 1244, 124b toward the floor surface 10. In some examples, the drive wheel
suspension arm 123 18 a bracket (FIG. 12C) having a pivot point 127a, a wheel pivot
127b, and spring anchor 127¢ spaced from the pivot point 127z and the wheel pivot 127b.
A spring 125 biasing the spring anchor 127b causes the suspension arm 123 1o rotate
about the pivot point 127a {(i.¢., a fulcrum) to move the drive wheel 124a, 124b toward
the floor surface 10, In some cxamples, the suspension arm 123 1s an L-shaped bracket
baving first and second legs 1231, 123L;. The pivot point 123a, 127a of the bracket 123
may be positioned in a lower 25% of a height Hy of the robot 100 and is at least below
half the height Hp of the robot body 110, with respect to the floor surface 10,
Additionally or alternatively, a hypotenuse of the L-shaped bracket 123 may have a
fength L4 equal to between 70% and 150% of the height Hp of the robot body 110, In
some examples, the drive wheel suspension spring(s) 125 together provide a spring force
Fg equal to between 40% and 80% of an overall weight W of the robot 100 (e.¢., Fy=
0.5W). Each drive wheel 124a, 124b may have a diameter ¢p equal to between 75% and
128% of the height Hy of the robot body 110

160861 In some implementations, the wheels 1244, 124b perform differently
depending on the direction of the wheel rotation {e.g., thicker floor surface or transition
from different surfaces). Traction is the maximuim frictional force produced between two
surfaces (the robot wheels 1244, 124b and the floor surface 10) without shipping. A
clockwise rotation and a counterclockwise rotation of the wheels 124a, 124b only equal if

thetraction T = §, orif

, R o
sinf = —; (1)
0087} where £ 18 the angle between the drive wheel suspension arm 123 with respect

to a horizontal top portion of the robot body 110, R 1s the radius of the wheel 124a, 124b,



1

N

]
o

[91]

¢

o

20

WO 2014/151408 PCT/US2014/025665
23

and L4 is the length of the wheel arm 123, The traction equals to zero only when the
pivot poiot is on the floor surface 10. Theretore, to improve perforroance in the weak
direction, the pivot point should be as close to zero and therefore as close to the floor
surface 10, The lower the pivot pomnt, the better the performance of the wheels 124a,

124b. The following two equations are considered for improving wheel performance:

Ve fis _7: - A T 2
W2k, = cos B + 2 {tan f + Ly cos{s’> )
COWe o= T {tan f§ + ) (3)
RV T e R VS 4 cosf ’

[ B08E] where f is the angle between the drive wheel saspension arm 123 with respect
to a horizontal top portion of the robot body 110, R is the radius of the wheel 124a, 124b,
and Ly 1s the length of the wheel arm 123, F, 1s the normal spring force and F,, is the
maximum allowable weight imut. Based on the above equations, tn some examples, for a
normal spring force Fa= 2.51bf {constant), the wheel radius R = 41mm, the wheel arm has
a length L = 80maro, vou = (.8 {cocthicicnt of friction). Additionally, the arm may form
an iitial angle 8 = -16.0°. In some examples, the maximum allowable Fn (Weight
Limited) = 2.51bf per whecel.

[6G89] In some implementations, the robot 100 bas forward body portion 112 having
a flat forward face (e.g., a flat linear buraper 130}, and a rcarward body portion 114
defining a semi-circular shape. When the robot 100 approaches a corner and gets stuck in
the corner, the robot 100 may need to drive backwards to escape the corner and/or wall.
In some examples, a higher traction is needed when the robot 100 15 moving backwards
to improve the escape capabilitics when the robot 100 is stuck.

18356} A nurober of implementations have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and
scope of the disclosure. Accordingly, other imaplementations arc within the scope of the

following claims.
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WHAT IS CLAIMED I5:
1. A rotatable roller brush (310, 3104, 310b) for a cleaning apphance (100}, the
roller brush (310, 310a, 310b} comprising:
a brush core (314) detining 4 longttudinal axis of rotation (X4, Xy); and
three or more dual rows {325} of bristles (318, 328, 330) disposed on and
equidistantly spaced along a4 circumference the brash core (314), cach dual row (325) of
bristles (31K) corprising:
a first bristle row (325a) comprising a first bristle composition and having
a first height (Lp, Lpi); and
a second bristle row (325b) comprising a second bristic composition stiffer
than the tirst bristle composition and having a second height (L, Lna), the second bristle
row {325b) circumferentially spaced from the first bristle row {325a) by a gap (D¢} less
than or cqual to 10% of the first height (Lg,), the first height {(Ly) being less than or

equal to 90% of the second height (L}

2. The roller brush (310, 310a, 310b) of claim 1, wherewn the first bristle row (3252)
of cach dual bristle row (325) is forward of the sccond bristle row {325b) in a direction of

rotation of the roller brush (310, 310a, 310b).

3. The roller brush (310, 310a, 310b) of claim 1, further cornprising clastomeric
vanes {340} arranged between and substantially parallel to the bristle rows (325, 323a,
325b}, cach vane (340) extending from a first end (340a) attached to the brush core (314)

to a second end (340b) unattached from the brush core (314}

4. The roller brush (310, 310a, 310b) of claim 3, wheremn the vanes (340) have a

third height {(L¢) less than the second height (L2} of the second bristle row (325b).

5. The roller brush (310, 3104, 310b) of claim 1, wherein the first bristle row (325a)
and second bristle row (325b) cach define a chevron shape arranged longitudinally along

the brush core (314).
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6. The roller brush (310, 310a, 310b} of claim 1, wherein each of the bristles (318,
320} of the first bristle row (325a) has a first diameter (da) less than a second diameter

{¢n) of cach of the bristies (318, 330) of the second bristle row (325b).

7. The roller brush (310, 310a, 310b) of claim |, wherein cach brush core (314)
defines a longitudinally extending T-shaped channel (360) for releasably receiving a
brush element (378}, the brush element (370} comprising:

an anchor {372} defining a T-shape complirnentary sized for slidable receipt into
the T-shaped channel (360}; and

at least one dual row (325, 325a, 325b) of bristles (318, 320, 330) or a vane (340)

attached to the anchor (372).

K. A rotatable roller brush assembly (180) for a cleaning appliance (100}, the roller
brush assembly (180} comprising:
a first roller brush (310, 310a) comprising:
a brush core {314} defining a longitudinal axis of rotation {(Xa}; and
three or more dual rows (325) of bristles (318, 320, 330) disposed on and
equidistantly spaced along a circurafercoce the brash core (314), cach dual row (325) of
bristies (31¥, 320, 330) comprising;
a first bristle row (325a) comprising a first bristle composttion and
having a first height {Lg,;); and
a second bristic row (325b) comprising a second bristle
composition stiffer than the first bristle composition and having a second height (L), the
second bristle row (325b) circurnferentially spaced frorn the first bristle row (325a) by a4
gap {Dc) less than or equal to 10% of the first height (Lgi), the first height (Lg1) being
less than or equal to 90% of the second height (Ly;); and
a second roller brush (310, 310b) arranged rotatably oppostie the first roller brush
{310, 310a), the second roller brush (310, 310b} comprising:
a brush core (314} defining a longitudinal axis of rotation (Xg); and
three or more rows (315} of bristles (318} disposed on and

circurnferentially spaced about the brash core (314).
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9. The roller brush assembly {180} of claim 8, wherein the fivst bristle row (3235a) of
cach dual bristle row (325} is forward of the second bristle row (325b) in a direction of

rotation of the roller brush (310, 310a).

10.  The roller brush assembly (180) of claim 8, wherein the first roller brush (310a)
comprises elastomeric vanes (340) arranged between and substantiaily paralle] to the
bristic rows (3235, 325a, 325b), cach vane (340} cxtending from a first end (340a)
attached to the brush core (314) of the first roller brush (310a) to 4 second end (340b)

unattached from the brush core (314) of the first roller brush (310a).

11, The roller brush assembly (180} of claim 10, wherein the vanes (340) have a third

height (Lv) less than the seccond height (Ly,) of the sccond bristle row (325b).

12, The roller brush assembly (180} of claim &, wherein the second brush (310b)
comprises elastomeric vanes (340) arranged between and substantiaily paralle] to the
bristic rows (3235, 325a, 325b), cach vane (340} cxtending from a first end (340a)
attached to the brush core (314) of the second roller brush (310b) to a second end (340b)

unattached from the brush core (314) of the second roller brush (310b).

13, The roller brush assembly (180} of claim 12, wherein the vanes (340) are shorter

than the bristles (318) of the second roller brush (310b).

14, The roller brush assembly (180} of claim &, wherein the rows (315, 325) of
bristles (31X, 320, 330} of cach roller brush (310, 310a, 310b) cach define a chevron

shape arranged longitudinally along the corresponding brush core (314).

15, The roller brush assembly (180) of claim &, wherein the first divection of rotation
of the first rotatable brush (3104} 15 a forward rolling direction with respect to a forward

drive direction (¥} of the rotatable roller brush assembly (180},
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16.  The roller brush assembly (180} of claim 8, further comprising a brush bar (200a,
200b) arranged parallel to and engaging a bristle row (315, 325) by av engagemcut
distance {£), measured radially with respect to the corresponding brush core (314), of less
than or cqual to 0.060 inches, the brush bar (200a, 200b} mterfering with rotation of the
engaged roller brush (310, 310a, 310b) to strip fibers from the engaged bristles (318, 320,
330).

17. A mobile surface cicaning robot (100} comprising:

a robot body (118) baving a forward drive direction (F);

a drive system (128} supporting the robot body (110} above a floor surface (10)
for mancuvering the robot (100) across the floor surface (10}, the drive systerm (120)
comprising right and left drive wheels (124a, 124b} disposed on corresponding right and
fcft portions of the robot body (110);

a caster wheel assembly(126} disposed rearward of the drive wheels (124a, 124b);

and

a cleaning system (160) supported by the robot body (110) forward of the dave
wheels (124a, 124b), the cleaning system (160) including a rotatably driven rolier brush
{310) compnising:

a brush core (314} defining a longitudinal axis of rotation (X, Xg); and
three or more dual rows (325) of bristles (318, 320, 330) disposed on and
equidistantly spaced along a circumference the brush core (314), each dual row (325} of
bristles (318, 320, 330) comprising:
a first bristle row (325a) comprising a first bristle composition and
having a first height {(Ly, Ly }; and
a second bristie row (325b) comprising a secoud bristle

composition stiffer than the first bristle composition and having a second height {Ly,
Liz), the second bristic row (325b) circuraferentially spaced frovo the first bristle row
{325a} by a gap (D¢} less than or equal to 10% of the first beight (L), the fivst height

{Lg1) being less than or equal to 90% of the second height (L)
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18.  The robot {100} of claimn 17, wherein at least 5% of the second height (Lp;) of the

second bristle row {(325b) engages with the floor surface (10).

19, The robot (100) of claim 17, wherein a center of gravity (CG) of the robot (100) 15
focated forward of the drive wheels (124a, 124b}, allowing the robot body (118} to pivot

forward about the drive wheels (124a, 124b).

20, Therobot (100) of claim 17, wherein the robot body {110} defines a square front

profile or a round profile.

21, The robot {100} of claim 17, further comprising at least one clearance regulator
roller {128, 12K8a, 128b) supported by the robot body {110} and disposed forward of the
drive wheels (124a, 124b) and rearward of the roller brush (310), the at least one
clearance regulator roller (128, 128a, 128b) providing a minimum clearance height {(C) of

at least 2mm between the robot body (110) and the floor surface (10).

22. The robot (100) of claim 17, wherein the first bristic row (325a} of cach dual
bristle row (325) is forward of the second bristle row (325b) 10 a direction of rotation of

the rolier brush (310).

23, The robot (160} of claim 17, wherein the cleaning system {160} comprises first
and second rotatably driven roler brushes (310, 310a, 310b), the second roller brush
(310, 310b) arranged rotatably opposite the first roller brush (310, 310a), the first roller
brush (310, 310a) having the three or more dual rows (325) of bristles (318, 320, 330},
the second roller brush (310, 310b) comprising:

a brush core (314} defining a longitudinal axis of rotation (Xp); and

three or more rows (315} of bristles (31K) disposed on and cucomferentially

spaced about the brush core (314).
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24, The robot (100} of claim 23, wherein the three or more rows (315) of bristles
{318) of the sccond brush (310, 310b) are dual-rows (325) of bristles (320, 330), cach
dual row (325) of bristles {320, 330) comprising:

a first bristle row (325a) coraprising a first bristle composition and having a first
beight (Lp, Lpi) and

a second bristie row (325b) cornprising a second bristle coruposition stitfer than
the first bristle composition and having a second height (Lg, Luy), the second bristle row
{325b) circumferentially spaced from the first bristle row (325a}) by a gap (D¢} less than
or equal to 10% of the first height (L), the fivst height (Lgy) being less than or equal to

90% of the second height (Lpy).

The robot (100) of claim 23, wherein the cleaning system (160} further comprises:

-
n

a colection volume (202b) disposed on the robot body (110}
a plenum (182} arranged over the first and second roller brushes (310a, 310b); and
a conduit (208} in pneumatic communication with the plenum (182) and the

collection volume (202b).
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