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ROBOTIC VACUUM CLEANER WITH PROTRUDING SIDEBRUSH

TECHNICAL FIELD

The invention relates to a robotic vacuum cleaner.

BACKGROUND

Robotic vacuum cleaners are know in the art, which are equipped with drive
means in the form of a motor for moving the cleaner across a surface to be
cleaned. The robotic vacuum cleaners are further equipped with intelligence
in the form of microprocessor(s) and navigation means for causing an
autonomous behaviour such that the robotic vacuum cleaners freely can

move around and clean a space in the form of e.g. a room.

Traditionally, robotic vacuum cleaners have been arranged with circular-
shaped main bodies. Such a robot having co-axial drive wheels at the centre
of its body has the advantage that it is easy to control and cannot get stuck
since it always can rotate 180° and go back the same way it came. However,
the circular-shaped main body makes them unsuitable for cleaning corners or
edges where a floor meets a wall since these circular vacuum cleaners due to
their shape cannot move into a corner or close enough to a wall, or other
objects around which cleaning is required such as e.g. chair legs. An example
of a robotic vacuum cleaner aiming at solving this problem is disclosed in WO
03/024292, the main body of which at its rear end is circular-shaped,
whereas the front end of the main body is substantially rectangular.. This is
an improvement over the traditional circular-shaped robotic vacuum cleaners
in terms of reaching into corners. Further, sweeping brushes are arranged at
a bottom side of the main body and disposed such that they are associated
with front corner regions of the rectangular-shaped main body front end.
However, the robotic vacuum cleaner disclosed in WO 03/024292 still has

problems reaching into corners
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SUMMARY

An object of the present invention is to solve or at least mitigate a problem of
how to provide a robotic vacuum cleaner for navigating corners and turning

around in narrow spaces.

This object is attained by a robotic cleaning device comprising a main body,
at least one driving wheel arranged to move the robotic cleaning device across
a surface to be cleaned, and driving means arranged to control the at least
one driving wheel to rotate in order to move the robotic cleaning device
across the surface to be cleaned. Further, the robotic cleaning device
comprises control means arranged to control the driving means to move the
robotic cleaning device across the surface to be cleaned in accordance with
navigation information and a cleaning member arranged at a bottom side of
the main body for removing debris from the surface to be cleaned, the
cleaning member being arranged in a front end portion of the main body,
wherein the main body is arranged at the front end portion with a

horizontally protruding member on which a brush is arranged.

Advantageously, by providing the main body of the robotic vacuum cleaner
with the horizontally protruding member and the brush, the robotic cleaning
device is capable of reaching into and cleaning corners and other areas where
prior art robotic vacuum cleaners cannot reach. Advantageously, the brush
which preferably rotates is guided by the protruding member into a corner
and moves the debris located out of reach of the cleaning member of the
robotic cleaning device such that the debris ends up under the main body and
thus can be transported to a dust bag of the robotic vacuum cleaner 10 via the
cleaning member 15. Thus, debris and dust located at the very walls and

corners can be removed by the robotic cleaning device.

In an embodiment of the present invention, the main body has a front end
portion with a front end wall, a rear end portion, a right side wall connecting
the front end wall and the rear end portion and a left side wall connecting the
front end wall and the rear end portion. The main body thus have a three-

lobed shape in this particular embodiment, which is advantageous for moving
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in and out of corners and navigating narrow spaces like for instance

corridors.

In a further embodiment of the present invention, the main body is further
arranged such that its width is greatest between an outermost point of the
horizontally protruding member and the oppositely located side wall, which
greatest width is located at the front end portion of the main body. Since the
width of the main body is at its greatest in a lateral direction between the
right side wall and the left side wall at the front end portion of the main body,
the robotic cleaning device according to embodiments of the present
invention can move into a corner and turn the corner to move along an
intersecting wall without bumping its rear end portion into the wall leading
into the corner. In an embodiment of the present invention, the side walls of
the main body are curved. Advantageously, they will thus track the wall
leading into the corner when the robotic cleaning device turns the corner and

pursues the wall leading out of the corner.

In still another embodiment of the present invention, the cleaning member is
arranged adjacent to the front end wall and extending laterally in an opening
in the main body along a greater part of the front end wall. Thereby, the
robotic cleaning device advantageously cleans an area as wide as possible
which contributes to reducing time (and energy consumption) needed to

clean a surface.

In yet another embodiment of the present invention, the robotic cleaning
device further comprises obstacle detecting means arranged to detect
obstacles and provide the control means with the navigation information for

enabling navigation of the robotic cleaning device.

In a further embodiment of the present invention, the robotic cleaning device
further comprises a flexible bumper enclosing at least the front end portion of
the main body. Advantageously, as long as the robotic cleaning device moves
forward, the only part of the main body that can run into obstacles is the

bumper, implying that collisions with all obstacles can be detected by the
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bumper. The shape of the main body of the robotic cleaning device as
proposed in embodiments of the present invention in combination with
appropriate control of the movement of the cleaning device ensures that the
robot can maneuver out of all situations when the bumper has detected an
obstacle, just like prior art robotic vacuum cleaners having circular-shaped
main bodies, and - in contrast to prior art circular-shaped robot cleaners -

that corners further can be effectively cleaned.

Further, since the bumper is flexible, it will press resiliently against the front
end wall when contacting obstacles, thus mitigating the thrusting effect it has
on obstacles in its way and reducing the risk that the obstacles will be

displaced, tipped over and/or be damaged.

Thus, the obstacle detecting means may comprises the flexible bumper and at
least one sensor with which the flexible bumper is arranged to cooperate in
order to register the robotic cleaning device contacting an obstacle, which
sensor is arranged to communicate the navigation information to the control

means.

In a further embodiment, an indentation is arranged in the front end portion
of the main body adjacent to a respective one of the one or more protruding
member(s) and associated brush(es). This is advantageous since the brush
can reach around the periphery of smaller obstacles, such as chair legs. By
having the indentation enclosing, or at least partly enclosing, the periphery of
the smaller obstacles, the area around the obstacles can be more effectively

cleaned.

It is noted that the invention relates to all possible combinations of features
recited in the claims. Further features of, and advantages with, the present
invention will become apparent when studying the appended claims and the
following description. Those skilled in the art realize that different features of
the present invention can be combined to create embodiments other than

those described in the following.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described, by way of example, with reference to the

accompanying drawings, in which:

Figure 1a shows a robotic cleaning device according to an embodiment of the

present invention in a top view;
Figure 1b shows the robotic cleaning device of Figure 1a in a bottom view;

Figure 2a shows a robotic cleaning device according to a further embodiment

of the present invention in a bottom view;

Figure 2b shows the contour of the main body of the robotic cleaning device

of Figure 2a in a bottom view;

Figure 3 illustrates a sequence a-f of movements of the robotic cleaning
device of Figure 2a navigating into and out of two corners in a narrow

corridor in a bottom view;

Figure 4 shows a robotic cleaning device comprising a flexible bumper

according to another embodiment of the present invention in a bottom view;

Figure 5a shows a robotic cleaning device comprising an indentation adjacent
to the protruding member according to a further embodiment of the present

invention in a bottom view;

Figure 5b shows the robotic cleaning device according to Figure 5a when

cleaning around small objects in a bottom view; and

Figure 6 shows a robotic cleaning device according to a further embodiment

of the present invention in a bottom view.

DETAILED DESCRIPTION

The invention will now be described more fully hereinafter with reference to
the accompanying drawings, in which certain embodiments of the invention
are shown. This invention may, however, be embodied in many different

forms and should not be construed as limited to the embodiments set forth
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herein; rather, these embodiments are provided by way of example so that
this disclosure will be thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. All figures except Figure 1a shows
the robotic cleaning device from a bottom perspective. Directional
information, such as e.g. “a right side wall” of the cleaning device should be
construed as meaning the side wall on the right hand side of the main body
from a top perspective of the cleaning device when viewed from its rear end

portion.

The invention relates to robotic cleaning devices, or in other words, to
automatic, self-propelled machines for cleaning a surface. The robotic
cleaning device according to the invention can be mains-operated and have a
cord, be battery-operated or use any other kind of suitable energy source, for

example solar energy.

Figure 1a shows a robotic cleaning device 10 according to an embodiment of
the present invention from above, i.e. a top side of the robotic cleaning device
is displayed. The robotic cleaning device 10 comprises a main body 11
housing a variety of components as will be discussed in more detail in the
following. The main body 11 is further arranged, in a front portion 16, with a
horizontally protruding member 33 on which a brush 24 is arranged.
Advantageously, by arranging the robotic cleaning device, which in this
particular exemplifying embodiment has a circular shape, with a protruding
brush 24, its reach will be greatly improved and e.g. corners are much more

effectively cleaned.

Figure 1b shows the robotic cleaning device 10 of Figure 1a from below, i.e. a
bottom view is displayed. The robotic cleaning device 10 comprises a main
body 11 housing components such as driving means 29 in the form of an
electric motor for enabling movement of the driving wheels 12, 13 such that

the cleaning device can be moved over a surface to be cleaned.

In this particular exemplifying illustration, the driving wheels 12, 13 are

coaxially arranged along a drive shaft 14. The electric motor 29 is capable of
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controlling the driving wheels 12, 13 to rotate independently of each other in
order to move the robotic cleaning device 10 across the surface to be cleaned.

A number of different driving wheel arrangements can be envisaged.

Further, the main body 11 is arranged with a cleaning member 15 for
removing debris and dust from the surface to be cleaned. This is in an
embodiment of the present invention implemented by means of a suction fan
(not shown) creating an air flow for transporting debris to a dust bag or
cyclone arrangement housed in the main body via an opening in the bottom
side of the main body 11. In a further embodiment, the cleaning member 15
could be embodied in the form of a rotatable brush roll vertically arranged in
the opening to enhance the dust and debris collecting properties of the
cleaning device 10. The main body 11 may further optionally comprise
obstacle detecting means 28 for detecting obstacles in the form of walls, floor
lamps, table legs, around which the robotic vacuum cleaning must navigate
by having a controller 30 such as a microprocessor control the motor 29 to
rotate the driving wheels 12, 13 as required in view of navigation information
received by the obstacle detecting means. This will be further discussed
subsequently. The obstacle detecting means 28 may be embodied in the form
of infrared (IR) sensors and/or sonar sensors, a microwave radar, a camera
registering its surroundings, a laser scanner, etc. for detecting obstacles and
communicating information about any detected obstacle to the
microprocessor 30 in order to have the motor 29 control movement of the
wheels 12, 13 in accordance with navigation information provided by the

obstacle detecting means 28.

Even though it would suffice to have the cleaning member 15, i.e. the opening
in the bottom side of the main body 11 via which a suction fan creates an air
flow and/or in which a rotatable brush roll possibly is arranged, arranged in
the front end portion 16 adjacent to the brush 24, in an embodiment of the
present invention, the opening (and possibly the brush roll) extends laterally
in the main body 11 along a greater part of the front end portion 16. Thereby,
the robotic cleaning device 10 advantageously cleans an area as wide as

possible which contributes to reducing time (and energy consumption)
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needed to clean a surface. As can be seen in Figure 1b, the brush 24 is in an
embodiment a rotational brush with its centre of rotation arranged on a

distance from the main body 11 thus enabling reaching into corners.

Figure 2a shows a robotic cleaning device 10 according to a further
embodiment of the present invention in a bottom view. The robotic cleaning
device 10 comprises a main body 11 housing components such as driving
means 29 in the form of an electric motor for enabling movement of the
driving wheels 12, 13 such that the cleaning device can be moved over a

surface to be cleaned.

In this particular embodiment, the main body 11 has a front end portion 16
with a front end wall 17, a rear end portion 20, a right side wall 18 connecting
the front end wall 17 and the rear end portion 20 and a left side wall 19
connecting the front end wall 17 and the rear end portion 20. The front end
portion 16 of the main body 11 of the robotic cleaning device 10 is the portion
of the main body 11 located between drive shaft 14 and a front end wall 17. In
an embodiment of the present invention, the front end portion 16 is
essentially quadrilateral-shaped, possibly with slightly rounded corners
where the front end wall 17 meets the right side wall 18 and the left side wall
19, respectively. The front end wall 17 is flat or slightly curved as shown in
Figure 2a in order to reach far into corners. As previously mentioned, the
rotating brush 24 arranged on the protruding member 33 is advantageous for

increasing the reach of the robotic cleaning device 10.

In yet a further embodiment, again with reference to Figure 2a, the main
body 11 of the robotic cleaning device is arranged such that its width A is
greatest laterally between an outermost point 32 of the horizontally
protruding member 33 and the oppositely located side wall 18 (in this case
being the left side wall) at the front end portion 16 of the main body, which is
illustrated by means of the dotted line. The shape of the main body 11 of
Figure 2a is generally referred to as a three-lobed form. Thus, the width A is
the greatest distance measured across the main body 11, advantageously

facilitating navigation of corners and narrow spaces such as corridors. Hence,
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the width A is greater than or equal to width B defined from a rear end

portion 20 of the main body 11 to the front end wall 17.

Now, if the greatest width A is located closer to the drive shaft 14, i.e. the
greatest width coincides with the rotational axis of the drive shaft 14, it will
have the advantage that the geometry of the main body 11 will be adapted to
turn around in a narrow space (such as a narrow corridor, as will be
illustrated herein below). If on the other hand the greatest width A is located
closer to the front end wall, it will have the advantage that the cleaning
member 15 can be made as long as possible in a lateral direction of the main
body 11. In practice, a compromise can be made by shaping the main body
such that the greatest width A is located somewhere between the shaft 14 and

the front end wall 17.

In Figure 2a, the back of the rear end portion 20 is pointed, meaning that the
rear end portion 20 is formed by the right side wall 18 and the left side wall
19 connecting at the back of the rear end portion. However, it is possible that
the back of the rear end portion 20 alternatively is flat or slightly curved, in
which case a rear end wall would connect to the right side wall 18 and the left

side wall 19, respectively, and form the back of the rear end portion 20.

Figure 2b, shows the robotic cleaning device 10 according to the embodiment
of Figure 2a, but without the rotating brush 24 in order to clearly illustrate

the outer-most point 32 of the protruding member 33.

Figure 3 illustrates a bottom view sequence a-f of movements of the robotic
cleaning device 10 of the embodiment of the present invention as shown in
Figure 2 navigating into and out of two corners in a narrow corridor. In
Figure 3a, the robotic cleaning device navigates into the corner via a wall
leading into the corner. The front end wall 17 of the main body faces the wall
leading out of the corner while the left side wall 19 faces the wall leading into
of the corner. It should be noted that in practice, the front end wall 17 and

side end walls 18, 19, are not flush against the walls of the corner to be



10

15

20

25

30

WO 2014/169944 PCT/EP2013/057815

10

cleaned, but the robotic cleaning device 10 is generally navigated such that

they are located approximately 2-10 mm from the walls.

In Figure 3b, the robotic cleaning device 10 is rotated such that the curved
left side wall 19 follows the wall leading into the first corner while the front
end wall 17 at one of its outer ends follows the wall leading out of the corner.
Further, it can be seen that the protruding member 33 reaches all the way
into the first corner, thereby enabling for the brush 24 to sweep debris out of
the corner such that the cleaning member of the robotic cleaning device can
remove the debris. The rotation continues in Figure 3¢, where the protruding

member 33 practically is flush against the wall.

With reference to Figure 3d, it can be seen that the protruding member 33
reaches all the way into the second corner, thereby enabling for the brush 24
to sweep debris out of the corner such that the cleaning member of the
robotic cleaning device can remove the debris. In Figure 3e, the robotic
cleaning device 10 moves out of the second corner and finally in Figure 3f, the
cleaning device has made a 90-degree turn in the second corner and is ready

to pursue the wall leading out of the corner or make another 9o-degree turn.

Thus, as can be deduced from Figure 3, the robotic cleaning device 10
according to the present invention advantageously navigates corners and
difficult-to-access spaces like narrow corridors while still navigating very
close to the walls leading into and out of the corners, thereby facilitating
removal of debris from the floor at a very close range from the walls. The
symmetry of the main body 11 further allows the robotic device 10 to take a
corner from either a right or a left direction with the same cleaning effect,
should the main body 11 be arranged with two protruding members 33 and
brushes 24, one of each at each side of the front end wall 17. Figure 4
illustrates still another embodiment of the present invention, where the
robotic cleaning device 10 further comprises a flexible bumper 23. It should
be noted that the greatest width A’ of the main body 11 is at the same location
in the front end portion 16 as for the embodiment shown in Figures 2a and b.

Further, for illustrative purposes, the distance between the bumper 23 and
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the front end portion 16 is somewhat exaggerated; in practice the bumper 23
is arranged flush against the front end wall 17. In analogy with Figure 2a, the
lateral width A’ from the right side wall 18 to the outermost point of the
protruding member 33 is greater than the width B’ taken from bumper 23
arranged at the front end wall 17 to the right side wall 18. The flexible bumper
23 covers at least the front end portion 16 of the main body 11, and extends in
an embodiment of the present invention to the rotational axis of the drive
shaft 14 on which the driving wheels 12, 13 are coaxially arranged. Thus, as
long as the robotic cleaning device 10 rotates or moves forward, the only part
of the main body 11 that can run into obstacles is the bumper 23, implying
that collisions with all obstacles can be detected by the bumper 23. Further,
since the bumper 23 is flexible, it will press resiliently against the front end
wall 17 when contacting obstacles, thus mitigating the thrusting effect it has
on obstacles in its way and reducing the risk that the obstacles will be

displaced, tip over and/or be damaged.

As previously mentioned, the robotic cleaning device 10 according to an
embodiment of the present invention comprises obstacle detecting means,
which in an embodiment are implemented by means of the bumper 23 being
flexibly mounted to the main body 11. The bumper cooperates with one or
more sensors (not shown) registering when the robotic cleaning device 10
runs against an obstacle thus causing pressing of the bumper 23 against the
main body 11. The bumper 23 and the sensor(s) hence function as obstacle
detecting means communicating with the microprocessor arranged in the
main body 11 to control the cleaning device motor to rotate the driving wheels
12, 13 as required in view of navigation information received by the obstacle

detecting means.

Figure 5a shows still another embodiment of the present invention, where the
robotic cleaning device 10 shown in Figure 4 further is arranged with an
indentation 25 or cut-in right behind the rotatable side brush 24. This is
advantageous since the side brush 24 can reach around the periphery of
smaller obstacles, such as chair legs 26, 27. Further, should the robotic

cleaning device 10 comprise two side brushes, a respective indentation is
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arranged at the side brushes. The main body 11 of the robotic cleaning device
10 is arranged such that its width A is greatest laterally between the right side
wall 18 and the left side wall 19 at the front end portion 16 of the main body,
which is illustrated by means of the dotted line (i.e. the same width as that
illustrated in Figures 2a and b). Thus, the width A is the greatest distance
measured across the main body 11, advantageously facilitating navigation of
corners. Hence, the width A is greater than or equal to width B defined from a

rear end portion 20 of the main body 11 to the front end wall 17.

Figure 5b shows how the robotic cleaning device according to the
embodiment discussed in Figure 5a moves such that first object 26 is placed
in the indentation such that the side brush can each around and clean the
first object 26. Thereafter, the robotic cleaning device moves towards a
second object 27 and places it in the indentation such that cleaning around

the second object 27 can be undertaken.

Figure 6 shows a robotic cleaning device 10 according to a further
embodiment of the present invention. In contrast to the embodiment shown
e.g. in Figure 2a and b (when omitting the protruding member 33), the
contour of the main body 11 of the robotic cleaning device 10 is in this
particular embodiment asymmetric. The main body 11 of the robotic cleaning
device 10 is arranged such that its width A” is greatest laterally between the
right side wall 18 and the outermost point of the protruding member 33 on
which the rotating brush 24 is arranged, which is illustrated by means of the
dotted line. Thus, the width A” is the greatest distance measured across the
main body 11, advantageously facilitating navigation of corners. Hence, the
width A” is greater than or equal to width B” defined from a rear end portion

20 of the main body 11 to the front end wall 17.

The robotic cleaning device 10 according to the embodiment shown in figure
6 could further be arranged with an indentation 25 as previously discussed

with reference to Figures 5a and b.
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Even though the invention has been described with reference to specific
exemplifying embodiments thereof, many different alterations, modifications
and the like will become apparent for those skilled in the art. The described
embodiments are therefore not intended to limit the scope of the invention,

as defined by the appended claims.
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CLAIMS

1.  Robotic cleaning device (10) comprising:

a main body (11);

at least one driving wheel (12, 13) arranged to move the robotic cleaning
device (10) across a surface to be cleaned;

driving means (29) arranged to control the at least one driving wheel
(12, 13) to rotate in order to move the robotic cleaning device (10) across the
surface to be cleaned;

control means (30) arranged to control the driving means (29) to move
the robotic cleaning device across the surface to be cleaned in accordance
with navigation information; and

a cleaning member (15) arranged at a bottom side of the main body for
removing debris from the surface to be cleaned, the cleaning member (15)
being arranged in a front end portion (16) of the main body; wherein

the main body (11) is arranged at the front end portion (16) with a

horizontally protruding member (33) on which a brush (24) is arranged.

2.  The robotic cleaning device (10) of claim 1, the brush being a rotating
brush.

3. Therobotic cleaning device (10) of claims 1 or 2, the main body (11)

having a circular shape.

4. The robotic cleaning device (10) of claims 1 or 2, the main body (11)
having a front end portion (16) with a front end wall (17), a rear end portion
(20), aright side wall (18) connecting the front end wall (17) and the rear end
portion (20) and a left side wall (19) connecting the front end wall (17) and

the rear end portion (20).

5. Therobotic cleaning device (10) of claim 4, the main body (11) further
being arranged such that its width (A) is greatest between an outermost point
(32) of the horizontally protruding member (33) and the oppositely located
side wall (18, 19), said greatest width (A) being located at the front end
portion (16) of the main body (11).
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6. The robotic cleaning device (10) of claims 4 or 5, the right side wall (18)
and the left side wall (19) being arranged to be curved.

7. The robotic cleaning device (10) of any one of claims 4-7, a rear end wall
(31) of the main body (11) connecting the right side wall (18) and the left side
wall (19) being arranged to be substantially flat.

8. Therobotic cleaning device (10) of any one of the preceding claims, said
cleaning member (15) comprising a rotatable brush roll vertically arranged in

an opening in the bottom side of the main body (11).

9. Therobotic cleaning device (10) of any one of the preceding claims, said
cleaning member (15) being arranged adjacent to the front end wall (17) and
extending laterally in the opening in the main body (11) along a greater part

of said front end wall (17).

10. The robotic cleaning device (10) of any one of the preceding claims,
further comprising obstacle detecting means (28) arranged to detect
obstacles and provide the control means (30) with the navigation information

for enabling navigation of the robotic cleaning device (10).

11. The robotic cleaning device (10) of any one of the preceding claims,
further comprising a flexible bumper (23) enclosing at least the front end

portion (16) of the main body (11).

12. The robotic cleaning device (10) of claims 10 and 11, said obstacle
detecting means (28) comprising:

the flexible bumper (23) and at least one sensor with which the flexible
bumper (23) is arranged to cooperate in order to register the robotic cleaning
device (10) contacting an obstacle, said sensor being arranged to

communicate the navigation information to the control means (30).

13. The robotic cleaning device (10) of any one of the preceding claims, the
at least one driving wheel (12, 13) comprising at least a pair of coaxially
arranged driving wheels (12, 13), each wheel being arranged at a respective

side wall (18, 19) of the main body (11).
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14. The robotic cleaning device (10) of claims 11 and 12, said flexible
bumper (23) extending along the main body (11) to a rotational axis of a drive

shaft (14) on which the driving wheels (12, 13) are coaxially arranged.

15. The robotic cleaning device (10) of any one of the preceding claims,
further comprising:
an indentation (25) arranged in the front end portion (16) of the main

body (11) adjacent to the protruding member (33).
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