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Description
TECHNICAL FIELD

[0001] The presentinvention relates to anautonomous
cleaner that cleans a floor surface of a region to be
cleaned while autonomously travelling, an auxiliary brush
therefor, and a cleaner system including the autonomous
cleaner.

BACKGROUND ART

[0002] A conventional autonomous cleaner includes a
body having a suction port for sucking dust on a bottom
surface of the body, a main brush disposed in the suction
port, and an auxiliary brush provided on the bottom sur-
face of the body (see, for example, PTL 1). The autono-
mous cleaner collects dust around the body toward a
region below the body by rotation of the auxiliary brush
and sucks the dust through the suction port. Note that a
bristle bundle of the auxiliary brush preferably has a
length that reaches a vertex of a corner of a region to be
cleaned by the autonomous cleaner.

[0003] However, the bristle bundle having this length
makes contact with a wall of a room and is markedly
warped, for example, while the autonomous cleaner trav-
els along the wall. The warped bristle bundle sometimes
flicks dust away when the warped bristle bundle returns
to an original state.

[0004] Meanwhile, if the length of the bristle bundle is
determined such that an amount of warpage of the bristle
bundle becomes small, the bristle bundle does not reach
a corner, and therefore the corner cannot be cleaned.

Citation List
Patent Literature

[0005] PTL 1: Unexamined Japanese Patent Publica-
tion No. 2010-188205

SUMMARY OF THE INVENTION

[0006] An auxiliary brush of an autonomous cleaner
according to an exemplary embodiment of the present
invention is attached to a body constituting the autono-
mous cleaner so as to be capable of collecting dust to a
suction port provided in a bottom surface of the body.
The auxiliary brush includes a short bristle bundle that is
a bundle of short bristles and a long bristle bundle that
is a bundle of bristles longer than the short bristle bundle.
[0007] This makes it possible to provide an autono-
mous cleaner including an auxiliary brush that can effi-
ciently collect dust around a body.

BRIEF DESCRIPTION OF DRAWINGS

[0008]
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FIG. 1 is a plan view of an autonomous cleaner ac-
cording to the present exemplary embodiment.
FIG. 2 is a bottom view of the autonomous cleaner
of FIG. 1.

FIG. 3 is a perspective view of a cleaner system in-
cluding the autonomous cleaner of FIG. 1.

FIG. 4 is a bottom view of a specific example of the
autonomous cleaner of FIG. 1.

FIG. 5 is a cross-sectional view taken along line 5-5
of FIG. 3.

FIG. 6 is a perspective view of a specific example of
a trash can unit of FIG. 1.

FIG. 7 is a perspective view of the trash can unit of
FIG. 6 whose lid is closed.

FIG. 8 is a perspective view of the trash can unit of
FIG. 7 whose lid is opened.

FIG. 9 is a cross-sectional view taken along line 9-9
in FIG. 7.

FIG. 10 is a cross-sectional view of a state where a
buckle of FIG. 9 is lifted up.

FIG. 11 is a cross-sectional view of a state where a
lid of FIG. 10 is opened.

FIG. 12 is a perspective view of a panel that consti-
tutes a fence of FIG. 3.

FIG. 13 is a perspective view of a state where two
panels are connected.

FIG. 14 is a cross-sectional view taken along line
14-14 of FIG. 13.

FIG. 15 is a cross-sectional view of a state where
relative positions of the panels of FIG. 14 have been
changed.

FIG. 16 is a cross-sectional view of a state where
the fence of FIG. 13 is folded.

FIG. 17 is a sectional view taken along line 17-17 of
FIG. 16.

FIG. 18 is a graph showing a first example of a result
of detection of floor surface detection sensors.

FIG. 19 is a graph showing a second example of a
result of detection of the floor surface detection sen-
sors.

FIG. 20 is a graph showing a third example of a result
of detection of the floor surface detection sensors.
FIG. 21A is a plan view showing an example of an
operation of a cleaner in a concentrated cleaning
operation.

FIG. 21B is a plan view showing an example of an
operation of the cleanerin the concentrated cleaning
operation.

FIG. 21C is a plan view showing an example of an
operation of the cleanerin the concentrated cleaning
operation.

FIG. 22 schematically shows a relationship between
an auxiliary brush and a wall and a corner of a region
to be cleaned.

FIG. 23A is a plan view showing an example of an
operation of the cleaner in first moving control.
FIG. 23B is a plan view showing an example of an
operation of the cleaner in the first moving control.
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FIG. 23C is a plan view showing an example of an
operation of the cleaner in the first moving control.

FIG. 24 is a flowchart of a skid determining process.
FIG. 25 is a flowchart of a collision determining proc-
ess.

FIG. 26 is a flowchart of a step determining process.
FIG. 27 is a flowchart of a wheel fall determining
process.

FIG. 28A is a plan view showing an example of an
operation of a cleaner in a concentrated cleaning
operation according to a modification.

FIG. 28B is a plan view showing an example of an
operation of a cleaner in a concentrated cleaning
operation according to a modification.

DESCRIPTION OF EMBODIMENT

[0009] An exemplary embodiment of the present in-
vention is hereinafter described with reference to the
drawings. It is to be noted that this exemplary embodi-
ment is not restrictive of the present invention.

(Exemplary embodiment)

[0010] A configuration of autonomous cleaner 10
(hereinafter simply referred to as "cleaner 10") according
to the present exemplary embodiment is described below
with reference to FIGS. 1 through 4.

[0011] FIGS. 1 and 2 schematically show the configu-
ration of cleaner 10. FIG. 3 shows a cleaner system in-
cluding cleaner 10. FIG. 4 shows an example of a specific
form of cleaner 10.

[0012] Cleaner 10 according to the present exemplary
embodiment is a robot vacuum cleaner that sucks dust
on a floor surface in a region to be cleaned while auton-
omously travelling on the floor surface. The region to be
cleaned is, for example, a floor surface of a room.
[0013] As shown in FIG. 3, cleaner system 1 includes
cleaner 10 and fence 90.

[0014] Cleaner 10 includes body 20, drive unit 30,
cleaning unit 40, trash can unit 50, suction unit 60, control
unit 70, power unit 80, and the like. A part of drive unit
30, a part of cleaning unit 40, trash can unit 50, suction
unit 60, control unit 70, and power unit 80 are disposed
in body 20. That is, body 20 incorporates therein various
components constituting cleaner 10.

[0015] Drive unit 30 moves body 20 on a floor surface
to clean the floor surface. Cleaning unit 40 collects dust
around body 20 to a region below body 20 and scrapes
the dust up. Trash can unit 50 stores therein dust sucked
by suction unit 60. Suction unit 60 sucks dust scraped
up by cleaning unit 40 into body 20. Control unit 70 con-
trols operations of drive unit 30, cleaning unit 40, suction
unit 60, and the like. Power unit 80 supplies power to
drive unit 30, cleaning unit 40, suction unit 60, control
unit 70, and the like.

[0016] Body 20 has a planar shape of a Reuleaux tri-
angle, a polygon substantially similar to the Reuleaux
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triangle, or a Reuleaux triangle or a polygon with rounded
corners. As body 20 is shaped as described above, body
20 has geometric characteristics that are the same as or
similar to those of the Reuleaux triangle.

[0017] As shownin FIGS. 1 and 3, cleaner 10 further
includes panel cover 21, bumper 22, and the like. Panel
cover 21 covers an operation panel (not shown) on an
upper part of body 20. Panel cover 21 is attached on the
upper part of body 20 to be opened and closed relative
to body 20. Bumper 22 absorbs impact applied to body
20. Bumper 22 is provided in a front part of body 20 to
be displaced relative to body 20.

[0018] As shownin FIGS. 2 and 4, cleaner 10 further
includes caster 23. Caster 23 supports arear part of body
20. Caster 23 is rotated according to an operation of drive
unit 30.

[0019] Body 20 includes suction port 20B on bottom
surface 20A. Suction port 20B sucks dust below body 20
into body 20.

[0020] Cleaning unit40 includes a first brush drive mo-
tor, a second brush drive motor, a first power transmis-
sion unit, a second power transmission unit (these are
not shown), main brush 41, auxiliary brush 100, and the
like. The first and second brush drive motors and the first
and second power transmission units are disposed in
body 20. The first power transmission unit is coupled to
main brush 41 and transmits torque of the first brush drive
motor to main brush 41. The second power transmission
unitis coupled to auxiliary brush 100 and transmits torque
of the second brush drive motor to auxiliary brush 100.
The first and second power transmission units are con-
stituted, for example, by a gear or the like and transmit
power to main brush 41 and auxiliary brush 100.

[0021] Main brush 41 scrapes up dust below body 20,
for example, dust on a floor surface. For example, main
brush 41 includes a core having a rotational axis and
brush bristles around an outer periphery of the core, and
is disposed at suction port 20B. Main brush 41 is driven
by the first power transmission unit to rotate in a direction
of scraping up dust from downward to upward on a rear
side of the rotational axis.

[0022] Auxiliary brush 100 collects dust around body
20 to a region below suction port 20B. Cleaner 10 in-
cludes, for example, paired auxiliary brushes 100. Paired
auxiliary brushes 100 are provided on left and right side
parts of a front part of bottom surface 20A of body 20,
respectively. Auxiliary brushes 100 are driven by the sec-
ond power transmission unit to rotate in a direction of
collecting dust from front of body 20 toward suction port
20B.

[0023] A drive system for moving cleaner 10 is consti-
tuted by an opposed two-wheel system. Cleaner 10 thus
includes paired drive units 30. Each drive unit 30 includes
awheel drive motor (not shown), drive wheel 31, housing
32, and the like. The wheel drive motor, which is coupled
to a shaft of drive wheel 31, is disposed in housing 32,
and transmits torque to drive wheel 31. Drive wheel 31
includes a wheel coupled to the shaft and a tire attached
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to an outer periphery of the wheel. The tire has a tread
pattern for enabling the tire to stably run on an unstable
surface such as a carpet.

[0024] Trash can unit 50 is disposed on a front side of
suction unit 60 in a front-rear direction of body 20. When
body 20 is planarly viewed, paired drive units 30 are dis-
posed to sandwich trash can unit 50 in a width direction
perpendicular to the front-rear direction of body 20. Body
20 and trash can unit 50 are configured in a manner such
that a user can freely select a state where trash can unit
50 is attached to body 20 and a state where trash can
unit 50 is removed from body 20.

[0025] Suction unit 60 includes an electric fan (not
shown) and is disposed between trash can unit 50 and
power unit 80 in the front-rear direction of body 20. The
electric fan sucks air into trash can unit 50. When the
electric fan is driven, dust scraped up by main brush 41
is moved into trash can unit 50.

[0026] Control unit 70 is disposed on power unit 80 in
body 20, and is electrically connected to power unit 80.
For example, control unit 70 includes a semiconductor
integrated circuit such as a central processing unit (CPU)
and a storage unit. For example, the storage unit is con-
stituted by a non-volatile semiconductor storage element
such as a flash memory. The storage unit stores therein
various programs executed by control unit 70 and pa-
rameters.

[0027] Cleaner 10 according to the present exemplary
embodiment further includes a plurality of sensors, as
shown in FIGS. 1 to 4. The sensors include, for example,
obstacle detection sensor 71, a plurality of distance
measuring sensors 72, collision detection sensor 73, a
plurality of floor surface detection sensors 74, dust sen-
sor 75, first rotation speed sensor 76, second rotation
speed sensor 77, and wheel fall detection sensor 78.
These sensors are electrically connected to control unit
70 and power unit 80 and output detection signals to con-
trol unit 70.

[0028] Obstacle detection sensor 71 detects a dis-
tance to an obstacle present ahead of body 20. Obstacle
detection sensor 71 is constituted by, for example, an
ultrasonic sensor including a transmitter and a receiver.
Each of distance measuring sensors 72 detects a dis-
tance between an object present around body 20 and
body 20. Each of distance measuring sensors 72 is con-
stituted by, for example, an infrared sensor including a
transmitter and a receiver. Collision detection sensor 73
detects collision between body 20 and an object present
around body 20. Collision detection sensor 73 is consti-
tuted by, for example, a contact displacement sensor in-
cluding a switch that is switched on when bumper 22 is
pressed into body 20. Each of floor surface detection
sensors 74 detects a distance to a floor surface. Each of
floor surface detection sensors 74 is constituted by, for
example, an infrared sensor including a transmitter and
a receiver. Dust sensor 75 detects an amount of dust
flowing in a path within trash can unit 50. Dust sensor 75
is constituted by, for example, an infrared sensor includ-
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ing a transmitter and a receiver.

[0029] Floor surface detection sensors 74 according
to the present exemplary embodiment are, for example,
first to fifth floor surface detection sensors 74. First floor
surface detection sensor 74 is provided ahead of main
brush 41 in the front-rear direction of body 20. Second
floor surface detection sensor 74 is provided between
right auxiliary brush 100 and right drive unit 30 in the
front-rear direction of body 20. Third floor surface detec-
tion sensor 74 is provided between left auxiliary brush
100 and left drive unit 30 in the front-rear direction of
body 20. Fourth floor surface detection sensor 74 is pro-
vided behind right drive unit 30, right auxiliary brush 100,
and main brush 41 in the front-rear direction of body 20.
Fifth floor surface detection sensor 74 is provided behind
left drive unit 30, left auxiliary brush 100, and main brush
41 in the front-rear direction of body 20.

[0030] Control unit 70 determines whether an object
that hinders travelling of cleaner 10 is present within a
predetermined range on the front side of body 20, based
on adetection signalinput from obstacle detection sensor
71. Control unit 70 calculates a distance between an ob-
ject present around a side part of body 20 and an outline
of body 20 based on a detection signal input from dis-
tance measuring sensor 72. Control unit 70 determines
whether body 20 has collided with an object present
around body 20 based on a detection signal input from
collision detection sensor 73. Control unit 70 calculates
a distance between bottom surface 20A of body 20 and
afloor surface based on detection signals input from floor
surface detection sensors 74.

[0031] Firstrotation speed sensor 76 detects arotation
speed of drive wheel 31. Second rotation speed sensor
77 detects a rotation speed of caster 23. First rotation
speed sensor 76 and second rotation speed sensor 77
are constituted, for example, by a magnetic sensor or the
like. Control unit 70 calculates a moving speed of cleaner
10 based on a detection signal supplied from first rotation
speed sensor 76.

[0032] Wheel fall detection sensor 78 detects whether
drive wheel 31 has fallen. In a first example, wheel fall
detection sensor 78 is constituted by a sensor that de-
tects a load of an energizing member that gives force for
pressing drive wheel 31 against a floor surface. In a sec-
ond example, wheel fall detection sensor 78 is constitut-
ed by a sensor that detects an amount of displacement
of drive wheel 31 relative to body 20 in a height direction
of cleaner 10.

[0033] Autonomous cleaner 10 and cleaner system 1
including autonomous cleaner 10 according to the
present exemplary embodiment are configured as
above.

[0034] Hereinafter, a specific configuration of auxiliary
brush 100 according to the present exemplary embodi-
ment will be described with reference to FIG. 4.

[0035] Auxiliary brush 100 includes brush shaft 110,
attachment part 120, a pair of bristle holders 130, and a
plurality of bristle bundles 140. Body 20 and auxiliary
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brush 100 are configured in a manner such that a user
can freely select a state where auxiliary brush 100 is at-
tached to body 20 and a state where auxiliary brush 100
is removed from body 20.

[0036] Brushshaft110is, forexample, made of a metal
such as stainless steel or a resin such as polyacetal
(POM). For example, brush shaft 110 is formed in a cy-
lindrical shape. Auxiliary brush 100 is attached on a side
of bottom surface 20A of body 20, and is coupled via
brush shaft 110 to the second power transmission unit
(not shown). In a state where auxiliary brush 100 is cou-
pled to the second power transmission unit, brush shaft
110is disposed to project downward from bottom surface
20A of body 20. A central axis of brush shaft 110 is dis-
posed along a height direction of body 20.

[0037] Attachment part 120 is attached so as to sur-
round brush shaft 110 and rotates integrally with brush
shaft 110. Attachment part 120 and the pair of bristle
holders 130 are constituted by an integrally formed com-
ponent made of a resin such as elastomer.

[0038] Bristle holders 130 hold the plurality of bristle
bundles 140 such that bristle bundles 140 do not fall off.
The pair of bristle holders 130 are provided at positions
opposed in aradial direction with respect to a central axis
of attachment part 120 so as to protrude outward from
attachment part 120. That is, one bristle holder 130 and
other bristle holder 130 are disposed to as to protrude in
opposite directions in the radial direction with respect to
the central axis of bristle holders 130.

[0039] The plurality of bristle bundles 140 includes a
plurality of short bristle bundles 141 and a plurality of long
bristle bundles 142. Bristle bundles 140 are bundles of
a plurality of bristles that are bundled so as to collect dust
on a floor surface. For example, 50 bristles constitute
each of bristle bundles 140. Bristles are made of, for ex-
ample, nylon.

[0040] Short bristle bundles 141 are bundles of short
bristles. Long bristle bundles 142 are bundles of bristles
longer than the bristles of short bristle bundles 141. Short
bristle bundles 141 and long bristle bundles 142 are held
by bristle holders 130 protruding from attachment part
120. Accordingly, a length of bristles is shorter by alength
corresponding to bristle holders 130 than a case where
short bristle bundles 141 and long bristle bundles 142
are held by attachment part 120, on a condition that po-
sitions of front ends of the bristles in these cases are the
same. This makes it possible to reduce an amount of
warpage caused when short bristle bundles 141 and long
bristle bundles 142 make contact with a wall.

[0041] Specifically, a distance from a center of rotation
of brush shaft 110 to the front ends of short bristle bundles
141 is set to a first predetermined distance, for example,
approximately 5 cm. A distance from the center of brush
shaft 110 to the front ends of long bristle bundles 142 is
set to a second predetermined distance, for example,
approximately 7 cm, which is longer than the first prede-
termined distance. Note that the first predetermined dis-
tance of 5cm and the second predetermined distance of
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7 cm are examples and are not limited to these values.
[0042] Thatis, in the present exemplary embodiment,
auxiliary brush 100 is constituted by two kinds of bristle
bundles having different lengths, i.e., short bristle bun-
dles 141 and long bristle bundles 142. This produces the
following effects.

[0043] First, in a case where cleaner 10 cleans along
awallin the region to be cleaned, an amount of warpage
of short bristle bundles 141 that make contact with the
wall is smaller than a case where long bristle bundles
142 make contact with the wall. Accordingly, force (re-
covering force) recovering from a warped state to an orig-
inal state of short bristle bundles 141 is smaller. As a
result, dust close to the wall is less likely to be flicked far
away.

[0044] Furthermore, in acase where cleaner 10 cleans
along a wallwhile travelling such that short bristle bundles
141 do not make contact with the wall, short bristle bun-
dles 141 are not warped. Accordingly, dust close to the
wall is not flicked far away by short bristle bundles 141.
As a result, dust close to the wall can be more efficiently
collected to a region below body 20 by auxiliary brush
100.

[0045] Furthermore, the front ends of long bristle bun-
dles 142 reach a cleaning region that is out of reach of
the front ends of short bristle bundles 141. Accordingly,
in a case where cleaner 10 cleans a corner of the region
to be cleaned, dust close to a vertex of the corner is easily
collected by long bristle bundles 142.

[0046] Thatis, use of auxiliary brush 100 including two
kinds of bristle bundles, i.e., short bristle bundles 141
and long bristle bundles 142 makes it possible to effi-
ciently collectdust both in a case where cleaner 10 cleans
the region to be cleaned while travelling along a wall and
acase where cleaner 10 cleans aregion close to a vertex
of a corner of the region to be cleaned.

[0047] Furthermore, bristle holders 130 hold short bris-
tle bundles 141 and long bristle bundles 142 such that a
gap is created between short bristle bundle 141 and long
bristle bundle 142.

[0048] The gap between short bristle bundle 141 and
long bristle bundle 142 is set as follows.

[0049] When short bristle bundle 141 and long bristle
bundle 142 are pressed against a floor surface, the bris-
tles that constitute short bristle bundle 141 and long bris-
tle bundle 142 spread like a fan. In view of this, the gap
is set such that short bristle bundle 141 and long bristle
bundle 142 that spread like a fan do not overlap each
other or such that an amount of overlap between short
bristle bundle 141 and long bristle bundle 142 becomes
small. Bristle holders 130 hold short bristle bundle 141
and long bristle bundle 142 such that the gap widens
from a base (fixed end side) toward a front end (free end
side).

[0050] Short bristle bundle 141 and long bristle bundle
142 are inclined such that front end portions thereof are
closerto adownward side (a floor surface side) than drive
wheel 31 (see FIG. 5). Accordingly, when cleaner 10 is
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placed on a floor surface, short bristle bundle 141 and
long bristle bundle 142 are pressed against the floor sur-
face. This causes the bristles that constitute short bristle
bundle 141 and long bristle bundle 142 to spread like a
fan. In this state, a gap is formed between short bristle
bundle 141 and long bristle bundle 142 held by bristle
holder 130, as described above. Accordingly, short bristle
bundle 141 and long bristle bundle 142 that are pressed
against the floor surface are hard to overlap each other.
As a result, a contact areas of short bristle bundle 141
and long bristle bundle 142 with the floor surface increas-
es. |t is therefore possible to efficiently collect dust.
[0051] Furthermore, bristle holder 130 holds short bris-
tle bundle 141 and long bristle bundle 142 such that short
bristle bundle 141 rotates so as to be followed by long
bristle bundle 142 in a rotation direction of auxiliary brush
100. Accordingly, in a case where cleaner 10 cleans a
region close to a wall, short bristle bundle 141 that is less
likely to be warped by contact with a wall than long bristle
bundle 142 collects dust earlier. This reduces an amount
of dust that is present on the floor surface when long
bristle bundle 142 returns from a warped state to an orig-
inal state. As a result, it is less likely that dust is flicked
far away (out of the region to be cleaned) by recovering
force of long bristle bundle 142 from the warped state.
[0052] Auxiliary brush 100 according to the present ex-
emplary embodiment is configured as described above.
[0053] Hereinafter, a configuration of trash can unit 50
according to the present exemplary embodiment will be
described with reference to FIG. 6 to FIG. 11.

[0054] As shown in Fig. 6, trash can unit 50 includes
trash can 51 and filter 55. Trash can 51 includes main
body 52, lid 53, hinge 54, and the like. Main body 52 and
lid 53 are coupled with use of hinge 54 interposed ther-
ebetween. Main body 52 accumulates sucked dust. Lid
53 is used to open or close an opening of main body 52
and hold filter 55. Main body 52 has inlet 52A. Inlet 52A
is connected to a duct (not shown) disposed in body 20.
The duct guides, into trash can 51, dust sucked from
suction port 20B into body 20 (see FIG. 5).

[0055] Filter 55 includes frame 56 and collector 57.
Frame 56 holds collector 57 and guides air that has
passed inlet 52A to collector 57. Collector 57 collects
dust included in the air. Frame 56 and lid 53 are attach-
able to and detachable from each other.

[0056] Frame 56 includes a pair of windows 56A, mid-
dle wall 56B, guide 56C, and the like. Window 56A ex-
poses collector 57 such that air can pass through collec-
tor 57. Middle wall 56B serves as a partition between one
window 56A and other window 56A. Guide 56C guides
air that has passed inlet 52A of main body 52 to collector
57. Guide 56C is a projection on middle wall 56B and
has top part 56D and a pair of guide surfaces 56E. Top
part 56D is a part of guide 56C that protrudes most from
middle wall 56B. Guide surfaces 56E are inclined surfac-
es that approach middle wall 56B from top part 56D to-
ward the pair of windows 56A.

[0057] As shown in FIG. 7, trash can unit 50 further
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includes buckle 58 and handle 59. Handle 59 is rotatably
attached to trash can 51. Handle 59 is held by a user
when the user detaches trash can unit 50 from body 20
and when the user carries detached trash can unit 50.
[0058] As shown in FIG. 8, main body 52 of trash can
unit 50 includes outlet 52B. Lid 53 and filter 55 are con-
nected with use of hinge 54 so as to be rotatable with
respect to trash can 51 such that outlet 52B can be
opened and closed. Outlet 52B is an opening for dis-
charging dust accumulated in main body 52. Outlet 52B
faces downward direction Z rather than horizontal direc-
tion X in a state where the user holds handle 59 such
that trash can unit 50 is suspended. This makes it easier
to discharge dust from trash can 51, thereby making it
harder for dust to remain in main body 52.

[0059] Buckle 58 of trash can unit 50 is rotatably at-
tached to main body 52, as shown in FIGS. 9 and 10. In
a case where buckle 58 is hooked on lid 53, lid 53 and
filter 55 are fixed to main body 52, and thus outlet 52B
is closed. Meanwhile, when buckle 58 is detached from
lid 53, lid 53 is rotated relative to main body 52 and filter
55, and thus outlet 52B is opened.

[0060] Gap 58P is formed between a top part of frame
56 of filter 55 and buckle 58 in a state shown in FIG. 9
where lid 53 is fixed to main body 52. Similarly, gap 58Q
is formed between a top part of lid 53 and buckle 58. Gap
58P is larger than gap 58Q in a height direction (a gap
from buckle 58). This makes it possible to avoid buckle
58 from being caught by filter 55 when outlet 52B is
opened by moving lid 53 rotationally relative to main body
52. Accordingly, lid 53 and filter 55 can be quickly moved
rotationally to a position where outlet 52B is opened.
[0061] Furthermore, buckle 58 can be used in the fol-
lowing form as illustrated in FIG. 11.

[0062] Specifically, lid 53 and filter 55 shown in FIG.
10 are separated. Buckle 58 is hooked on frame 56 of
filter 55 in a state where only filter 55 is attached to trash
can 51. That is, only filter 55 is fixed to trash can 51.
According to this form of use, for example, dust accumu-
lated between filter 55 and lid 53 can be easily taken off.
[0063] As illustrated in FIG. 5, when trash can unit 50
is attached to body 20, inlet 52A of main body 52 is dis-
posed so as to face not collector 57 (see FIG. 6) butguide
56C and a part surrounding guide 56C of middle wall
56B. Middle wall 56B is inclined such that an upper end
is located closer to a rear side of body 20 than a lower
end (floor surface side) is. Since middle wall 56B is in-
clined, guide 56C is also inclined such that an upper end
is located closer to a rear side of body 20 than a lower
end is.

[0064] Accordingly, air that has been sucked from inlet
52A and has passed inlet 52A makes contact with guide
56C and a part surrounding guide 56C of middle wall
56B. The air that makes contact with guide 56C flows
while being guided toward the pair of left and right win-
dows 56A (see FIG. 6) by guide surfaces 56E (see FIG.
6).

[0065] Furthermore, guide 56C isinclined along middle



11 EP 3 412 190 A1 12

wall 56B. Accordingly, flow of the air that has made con-
tact with guide 56C includes a component flowing up-
ward.

[0066] The air whose direction of flow has been
changed by guide surfaces 56E flows leftward and right-
ward along middle wall 56B and passes through the pair
of windows 56A and collectors 57. The air that has
passed through the pair of windows 56A and collectors
57 passes through outlet 52B (see FIG. 8) of trash can
unit 50 and is sucked by suction unit 60. The air that has
been sucked by suction unit 60 passes through an ex-
haust path (not shown) provided in body 20 and is dis-
charged to an outside of body 20.

[0067] According to trash can unit 50 having the above
configuration, the following effects can be obtained.
[0068] For example, in a case where middle wall 56B
is omitted and collector 57 is provided in a range from
one window 56A to other window 56A, dust tends to be
accumulated especially in a part of collector 57 that faces
inlet 52A of main body 52. Accordingly, even in a case
where other parts of collector 57 have room for accumu-
lation and collection of dust, inlet 52A is sometimes
blocked by dust accumulated in the part of collector 57
that faces inlet 52A of main body 52.

[0069] However, the configuration of trash can unit 50
having middle wall 56B according to the present exem-
plary embodiment lowers a risk of concentrated accumu-
lation of dust.

[0070] Furthermore, air is guided toward the pair of
windows 56A by guide 56C. This forms smooth flow of
air on middle wall 56B. Accordingly, for example, dust is
less likely to be accumulated in a part of middle wall 56B
that faces inlet 52A. As a result, itis possible to suppress
occurrence of blockage of inlet 52A by dust in long-term
use.

[0071] Furthermore, according to trash can unit 50 ac-
cording to the present exemplary embodiment, guide
56C is disposed on middle wall 56B so as to be inclined
such that an upper end is located closer to the rear side
of body 20 than a lower end is. With this configuration,
dust carried to collector 57 is accumulated in an upper
part of collector 57. Therefore, resistance against a main
air current passing through collector 57 is less likely to
increase than a case where dustis accumulated on whole
collector 57.

Accordingly, strength of an air current formed by suction
unit 60 is less likely to decrease even in a case where a
cumulative period of use of cleaner 10 increases. As a
result, cleaner 10 that has stable suction performance
over a long term is obtained.

[0072] Trash can unit 50 according to the present ex-
emplary embodiment is configured as above.

[0073] Hereinafter, a configuration of fence 90 accord-
ing to the present exemplary embodiment will be de-
scribed with reference to FIG. 3 and FIGS. 12to FIG. 17.
[0074] Fence 90 is a member that is used by a user to
determine a range in which cleaner 10 moves. As shown
in FIG. 3, for example, fence 90 includes a plurality of
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panels 91. Panels 91 are, for example, made of a resin
such as ABS. The plurality of panels 91 are connectable
to each other and separable from each other by the user.
That is, fence 90 is constituted by the plurality of panels
91 that are connected to each other, and thus a range in
which cleaner 10 moves is set to any range.

[0075] Specifically, as illustrated in FIG. 12, each of
panels 91 is, for example, constituted by panel body 95
having a flat plate shape, rotary shaft 92, shaft bearing
93, and base 94. Panel body 95 has first end 91A and
second end 91B close to respective ends in a longitudinal
direction of panel body 95. Base 94 is provided at both
ends of rotary shaft 92. When base 94 is placed on a
floor surface, panel 91 stands by itself on the floor sur-
face.

[0076] A shape of panel body 95 can be freely
changed. For example, a shape of panel body 95 in plan
view can be changed to a wave shape or an arc shape.
[0077] Rotaryshaft92is provided atfirstend 91Aalong
a short direction of panel body 95. Shaft bearing 93 is
provided at second end 91B along the short direction of
panel body 95. As shown in FIG. 12, for example, two
shaft bearings 93 are provided along the short direction
of panel body 95. Two shaft bearings 93 are provided at
an interval wider than a width of first end 91A of panel
body 95. Each of shaft bearings 93 includes, for example,
a pair of claws 93A. Each of claws 93A has an arc shape
so as to support rotary shaft 92 of another panel 91 con-
nected to panel 91. Front ends of the arc shapes of claws
93A are provided at different positions in a height direc-
tion (the short direction).

[0078] AsshowninFIG. 13, rotary shaft 92 of one panel
91 (right panel 91 in FIG. 13) is attached to shaft bearings
93 of another panel 91 (left panel 91 in FIG. 13). That is,
rotary shaft 92 of one panel 91 is inserted into shaft bear-
ings 93 of other panel 91.

[0079] Specifically, as shown in FIG. 14, gap 93D is
formed between the front end of one claw 93A of other
panel 91 and the front end of other claw 93A of other
panel 91 in plan view of fence 90. Accordingly, rotary
shaft 92 of one panel 91 is inserted between the pair of
claws 93A through gap 93D.

[0080] As shown in FIGS. 14 and 15, shaft bearings
93 are configured to permit movement of rotary shaft 92
relative to shaft bearings 93 within a certain range in a
direction normal to a virtual plane (a direction orthogonal
to FIG. 14) including first end 91A and second end 91B
of panel body 95. Shaft bearings 93 are configured to
regulate movement of rotary shaft 92 relative to shaft
bearings 93 in a direction parallel with the plane. In this
case, shaft bearings 93 may be, for example, configured
to permit movement of rotary shaft 92 relative to shaft
bearings 93 within a certain range in the direction parallel
with the virtual plane.

[0081] As shownin FIGS. 16 and 17, fence 90 can be
folded by rotating other panel 91 about a connecting part
of one panel 91. That is, rotary shaft 92 of one panel 91
is movable in the normal direction relative to shaft bear-
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ings 93. Accordingly, whenfence 90 is folded, rotary shaft
92 can be moved relative to shaft bearings 93 such that
one panel 91 and other panel 91 approach each other.
This reduces a gap between panels 91 in a state where
fence 90 is folded. As a result, it is possible to increase
storability of fence 90.

[0082] Fence 90 having, for example, two panels 91 is
configured as above. Needless to say, two or more pan-
els 91 may be connected in a manner similar to that de-
scribed above so as to constitute fence 90 of any size.
[0083] Fence 90 according to the present exemplary
embodiment is configured as above.

[0084] An example of control executed by control unit
70 in cleaner 10 according to the present exemplary em-
bodiment is described below.

[0085] Control unit 70 shown in FIG. 2 executes a plu-
rality of types of control for the purpose of cleaning a
region to be cleaned. The plurality of types of control
include at least first cleaning control, second cleaning
control, third cleaning control, first moving control, sec-
ond moving control, third moving control, and the like.
[0086] The first cleaning control first determines a type
of floor surface based on detection signals from floor sur-
face detection sensors 74 while cleaner 10 is moving on
any path on the floor surface. The first cleaning control
then adjusts sucking force of suction unit 60 based on a
result of the determination.

[0087] The second cleaning control first determines a
type of floor surface based on the detection signals from
floor surface detection sensors 74 when a region with a
large amount of dust is detected. The second cleaning
control then decides a cleaning operation of cleaner 10
for concentrated suction of dust based on a result of the
determination.

[0088] The third cleaning control is control for moving
body 20 along a wall toward a corner to suck dust along
the wall and at the corner in the region to be cleaned.
[0089] The control for adjusting the sucking force in
the first cleaning control may be executed in combination
with one or more of the second cleaning control, the third
cleaning control, and other cleaning control for operating
suction unit 60.

[0090] The first moving control is control for causing
cleaner 10 to retreat from the corner in the region to be
cleaned without making contact with the wall when clean-
er 10 finishes cleaning the corner.

[0091] The second moving control is control for sus-
pending the process for determining the type of floor sur-
face in a case where rotation and stoppage of drive wheel
31 are repeated in a short period.

[0092] The third moving control is control for changing
a method for controlling drive wheel 31 such that a trav-
elling inhibiting factor inhibiting travelling of cleaner 10
during travelling of cleaner 10 is overcome upon detec-
tion of the travelling inhibiting factor. The travelling inhib-
iting factor includes, for example, a skid of drive wheel
31, collision of body 20 with an object, presence of a step
of the floor surface below body 20, and fall of drive wheel
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[0093] Controlunit70 controls cleaner 10 in which con-
trol unit 70 is mounted based on the above control con-
tents.

[0094] Next, the first cleaning control executed by con-
trol unit 70 is described in detail with reference to FIGS.
18 through 21C.

[0095] FIGS. 18 through 20 show an example of de-
tection signals obtained from floor surface detection sen-
sors 74 during travelling of cleaner 10. The horizontal
axis represents a travelling period of cleaner 10, and the
vertical axis represents magnitude of the detection sig-
nals obtained by floor surface detection sensors 74.
[0096] Types of floor surface determined based on the
detection signals obtained by floor surface detection sen-
sors 74 are, for example, three types, specifically, a first
surface, a second surface, and a third surface. The first
surface is, for example, a flat surface having few surface
irregularities such as a wood floor surface. The second
surface is, for example, a surface, such as a tatami mat
surface, having small surface irregularities and having a
relatively stable surface shape. The third surface is, for
example, a surface, such as a carpet surface, that is pro-
vided with a material (e.g., fur) that is easy to deform and
tends to have large irregularities.

[0097] FIG. 18 shows an example of a result of detec-
tion of floor surface detection sensors 74 in a case where
cleaner 10 travels on the first surface. The detection sig-
nals obtained by floor surface detection sensors 74 ex-
hibit atleast the following two characteristics with respect
to the travelling period of cleaner 10. A first characteristic
is that changes of a wave height and amplitude are small-
er than those of the second and third surfaces described
later. A second characteristic is that achange of a moving
average of the detection signals of cleaner 10 is smaller
thanthat of the second and third surfaces described later.
[0098] FIG. 19 shows an example of a result of detec-
tion of floor surface detection sensors 74 in a case where
cleaner 10 travels on the second surface. The detection
signals obtained by floor surface detection sensors 74
exhibit at least the following two characteristics with re-
spect to the travelling period of cleaner 10. A first char-
acteristic is that changes of a wave height and amplitude
are larger than that of the first surface. A second char-
acteristic is that a change of a moving average of the
detection signals of cleaner 10 is larger than that of the
first surface.

[0099] FIG. 20 shows an example of a result of detec-
tion of floor surface detection sensors 74 in a case where
cleaner 10 travels on the third surface. The detection
signals obtained by floor surface detection sensors 74
exhibit at least the following two characteristics with re-
spect to the travelling period of cleaner 10. A first char-
acteristic is that changes of a wave height and amplitude
are markedly larger than that of the first surface. A second
characteristic is that a change of a moving average of
the detection signals of cleaner 10 is markedly larger
than that of the first surface.
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[0100] Asis clear from FIGS. 18 through 20, detection
signals obtained by floor surface detection sensors 74
during travelling of cleaner 10 vary depending on the type
of floor surface.

[0101] However,thereis acorrelation between a wave-
form of detection signals obtained by floor surface de-
tection sensors 74 over the travelling period of cleaner
10 and the type of floor surface. Accordingly, the type of
floor surface can be determined based on the detection
signals obtained by floor surface detection sensors 74.
[0102] That is, for example, it can be determined that
the type of floor surface is the first surface ina case where
a wave height or amplitude of detection signals repre-
senting a predetermined interval in time-series data of
the detection signals obtained by floor surface detection
sensors 74 is equal to or smaller than afirst determination
value.

[0103] Meanwhile, it can be determined that the type
of floor surface is the second surface in a case where a
wave height or amplitude of detection signals represent-
ing a predetermined interval in time-series data of the
detection signals obtained by floor surface detection sen-
sors 74 is larger than the first determination value and is
equal to or smaller than a second determination value.
[0104] Meanwhile, it can be determined that the type
of floor surface is the third surface in a case where a
wave height or amplitude of detection signals represent-
ing a predetermined interval in time-series data of the
detection signals obtained by floor surface detection sen-
sors 74 is larger than the second determination value.
[0105] Note, however, that the shape of irregularities
of the third surface such as a carpet easily changes de-
pending on a use environment and the like. Generally,
in a case where the irregular shape of the third surface
is kept, the detection signals obtained by floor surface
detection sensors 74 exhibit a waveform like the one
shown in FIG. 20. However, for example, in a case where
threads on a surface of a carpet are lying on the whole,
the detection signals obtained by floor surface detection
sensors 74 exhibit a waveform similar, for example, to
the waveform shown in FIG. 18 or FIG. 19. For this rea-
son, even in a case where the type of floor surface is the
third surface, there is a risk of failure to correctly deter-
mine the type of floor surface based on a waveform of
the detection signals obtained by floor surface detection
sensors 74.

[0106] In view of this, cleaner 10 according to the
present exemplary embodiment is configured such that,
for example, fourth and fifth floor surface detection sen-
sors 74 among floor surface detection sensors 74 of
cleaner 10 are provided on a rear side of drive wheels
31 and the like in order to address the failure to correctly
determine the type of floor surface (see FIG. 2).

[0107] That s, for example, in a case where the third
surface is a carpet, threads of a part of the carpet which
drive wheels 31 and the like of cleaner 10 travelling for-
ward have passed are pressed down. This forms a clear
irregular shape on the surface of the carpet.
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[0108] When cleaner 10 further travels forward, floor
surface detection sensors 74 provided on a rear side of
drive wheels 31 pass above a raised part having an ir-
regular shape. Accordingly, the part where the clear ir-
regular shape is formed is irradiated with near infrared
light by floor surface detection sensors 74. Floor surface
detection sensors 74 supply detection signals reflecting
the irregular shape of the carpet to control unit 70.
[0109] Asdescribedabove, controlunit70 sets sucking
force of suction unit 60 to first sucking force in a case
where it is determined in the first cleaning control that
the type of floor surface is the first surface. Meanwhile,
control unit 70 sets sucking force of suction unit 60 to
second sucking force larger than the first sucking force
in a case where it is determined that the type of floor
surface is the second surface. Meanwhile, control unit
70 sets sucking force of suction unit 60 to third sucking
force larger than the second sucking force in a case
where itis determined that the type of floor surface is the
third surface. In this way, the sucking force of suction unit
60 is changed in accordance with a difference in the type
of floor surface, and thus dust is effectively sucked. As
aresult, it is possible to efficiently use electric power by
preventing unnecessary consumption of electric power
of power unit 80.

[0110] Control unit 70 executes the first cleaning con-
trol as described above.

[0111] Next, the second cleaning control executed by
control unit 70 is described in detail with reference to
FIGS. 21A through 21C.

[0112] The second cleaning control is control for per-
forming a cleaning operation of intensively cleaning a
region where cleaner 10 is travelling (hereinafter referred
to as a "concentrated cleaning operation") in a case
where dust of an amount equal to or larger than a pre-
determined amount is detected in the region. An amount
of dust is determined based on a detection signal ob-
tained by dust sensor 75 (see FIG. 1). The concentrated
cleaning operation is determined in accordance with the
type of floor surface. In the present exemplary embodi-
ment, for example, one of two kinds of concentrated
cleaning operations determined in advance is selected
and executed in accordance with the type of floor surface.
[0113] Specifically, control unit 70 first selects the first
cleaning operation that is one of the two kinds of concen-
trated cleaning operations in a case where the type of
floor surface determined by floor surface detection sen-
sors 74 is the first surface or the second surface. Mean-
while, control unit 70 selects the second cleaning oper-
ation that is the other one of the two kinds of concentrated
cleaning operations in a case where the type of floor sur-
face determined by floor surface detection sensors 74 is
the third surface.

[0114] First, the first cleaning operation is described
with reference to FIG. 21A.

[0115] FIG. 21A shows behavior of cleaner 10 in the
first cleaning operation.

[0116] In the first cleaning operation, control unit 70
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controls cleaner 10 to travel back and forth repeatedly in
a region to be intensively cleaned (hereinafter referred
to as a "concentrated cleaning region"). Cleaner 10 fin-
ishes the first cleaning operation in a case where an
amount of dust obtained based on a result of detection
ofdustsensor 75 decreases to less than a predetermined
amount during execution of the first cleaning operation.
[0117] Next, the second cleaning operation is de-
scribed with reference to FIGS. 21A through 21C.
[0118] FIGS. 21Athrough 21C show behavior of clean-
er 10 in the second cleaning operation.

[0119] In the second cleaning operation, control unit
70 first controls cleaner 10 to travel back and forth re-
peatedly in the concentrated cleaning region (see FIG.
21A) as in the case of the first cleaning operation.
[0120] When a number of times of back-and-forth trav-
elling of cleaner 10 reaches a predetermined number,
control unit 70 changes a travelling direction of cleaner
10 by rotating cleaner 10 in a clockwise direction or a
counterclockwise direction by 90 degrees (see FIG. 21B).
Then, control unit 70 controls cleaner 10 to travel back
and forth repeatedly in the changed travelling direction
(see FIG. 21C).

[0121] InFIG. 21C, when the number of times of back-
and-forth travelling of cleaner 10 reaches a predeter-
mined number, the traveling direction of cleaner 10 is
changed to an original direction (see FIG. 21A). Then,
control unit 70 controls cleaner 10 to travel back and forth
repeatedly as shown in FIG. 21A. Thereafter, operations
similar to those shown in FIGS. 21A through 21C are
executed repeatedly.

[0122] Then, cleaner 10 finishes the second cleaning
operation in a case where an amount of dust obtained
based on a result of detection of dust sensor 75 decreas-
estoless than a predetermined amount during execution
of the second cleaning operation.

[0123] A degree of rise of threads (an irregular shape)
of a carpet that is the third surface varies depending on
a use state. For example, threads in a part that is fre-
quently trodden are more likely to remain lying than other
parts. For this reason, in a case where the direction of
back-and-forth travelling of cleaner 10 in the concentrat-
ed cleaning operation is identical to a direction in which
the threads of the carpet is lying, it is hard to suck dust
embedded between the threads. However, according to
the second cleaning operation, cleaner 10 moves back
and forth in a plurality of directions. This is more likely to
raise the lying threads of the carpet. As a result, it is
possible to efficiently suck dustembedded in the threads.
[0124] Control unit 70 executes the second cleaning
control as described above.

[0125] Next, the third cleaning control is described in
detail with reference to FIG. 22.

[0126] Specifically, a case where cleaner 10 cleans
along wall P1 of a room and corner P3 between wall P1
and wall P2 is described.

[0127] First, control unit 70 causes cleaner 10 to travel
along wall P1 such that a distance between side part 20C
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of a widest part of body 20 and wall P1 is kept constant
based on a detection signal obtained from distance
measuring sensor 72 (see FIG. 1). In this process, the
distance between side part 20C and wall P1 is, for ex-
ample, kept almost equal to a distance between side part
20C and the front end of short bristle bundle 141 in a
case where short bristle bundle 141 is parallel with a width
direction of body 20. Accordingly, the distance is kept
such that short bristle bundle 141 does not make contact
with wall P1 or makes contact with P1 so as to be slightly
warped in a case where short bristle bundle 141 is parallel
with the width direction of body 20. This can lower a risk
of flicking dust away by the above-described recovering
force of short bristle bundle 141.

[0128] Meanwhile, long bristle bundle 142, which is
longer than short bristle bundle 141, is warped in a large
amount when making contact with wall P1. Then, long
bristle bundle 142 recovers from the warped state to an
original state as auxiliary brush 100 further rotates.
[0129] Auxiliary brush 100 is provided such that short
bristle bundle 141 is followed by long bristle bundle 142
in the rotation direction. Accordingly, in a case where
dust is present close to wall P1, the dust is basically col-
lected to a region below body 20 by short bristle bundle
141. That is, even in a case where dust is present in a
travelling direction of long bristle bundle 142, the dust is
collected to the region below body 20 by preceding short
bristle bundle 141. Accordingly, it is less likely that the
dust is flicked far away when long bristle bundle 142 re-
turns from the warped state to the original state.

[0130] Then, the dust collected to the region below
body 20 by auxiliary brush 100 is sucked through suction
port 20B shown in FIG. 2 into trash can unit 50.

[0131] Next, when the front face of body 20 moves
close to wall P2 as a result of travelling of cleaner 10
along wall PI, control unit 70 stops travelling of cleaner
10 and keeps a state where main brush 41 and auxiliary
brush 100 shown in FIG. 2 are rotated. In this state, long
bristle bundle 142 reaches vertex P4 of a corner that is
out of reach of short bristle bundle 141. This causes dust
close to vertex P4 of the corner to be collected to a region
below body 20. As a result, dust can be efficiently col-
lected along a wall surface having a corner.

[0132] Control unit 70 executes the third cleaning con-
trol as described above.

[0133] The first moving control is described in detail
with reference to FIGS. 23A through 23C.

[0134] As shown in FIG. 23A, cleaner 10 is located at
corner P3 when the third cleaning control is finished. In
this state, a forward distance between the front face of
body 20 and wall P2, which is detected by obstacle de-
tection sensor 71, is first distance D1. A sideway distance
between a side face of body 20 and wall P1, which is
detected by distance measuring sensor 72, is second
distance D2.

[0135] In the first moving control, control unit 70 con-
trols cleaner 10 to move from a first position that is first
distance D1 and second distance D2 shown in FIG. 23A
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to a second position that is third distance D3 longer than
first distance D1 and fourth distance D4 longer than sec-
ond distance D2 shown in FIG. 23C.

[0136] A specific operation of cleaner 10 is described
below.

[0137] First,asshowninFIG.23B, cleaner 10isrotated
by approximately a certain angle 6 at the first position
shown in FIG. 23A such that central line L extending in
a front-back direction of body 20 changes from a state
where central line L is parallel with wall P1 to a state
where central line L is directed toward vertex P4 of corner
P3. Certain angle 6 is, for example, approximately 5°.
[0138] Next, controlunit 70 causes cleaner 10 that has
been rotated as shown in FIG. 23B to retreat to the sec-
ond position as shown in FIG. 23C. Then, for example,
cleaner 10 is moved to clean another place of the region
to be cleaned.

[0139] Thatis, cleaner 10 that has completed cleaning
corner P3 needs to turn in another direction in order to
clean another place or in order to return to a charging
device (not shown). Body 20 of cleaner 10 according to
the present exemplary embodiment has a planar shape
of aReuleauxtriangle with rounded corners. Accordingly,
in a case where cleaner 10 retreats from corner P3, there
is a risk of contact of body 20 with wall P1 or wall P2
when cleaner 10 rotates on that spot as in a case of a
cleaner having a body that has a circular planar shape.
In view of this, the first moving control is executed. This
allows cleaner 10 to retreat from corner P3 without con-
tact of body 20 with wall P1 and wall P2.

[0140] Control unit 70 executes the first moving control
as described above.

[0141] Thesecond moving controlis describedin detail
below.

[0142] In general, in a case where cleaner 10 travels
back and forth repeatedly, rotating and stopping opera-
tions of drive wheel 31 are repeated. In this case, the
detection signals obtained by floor surface detection sen-
sors 74 are susceptible to influence of disturbance.
[0143] In view of this, in the second moving control,
control unit 70 controls movement such that the process
for determining the type of floor surface is suspended in
a case where drive wheels 31 of cleaner 10 repeats ro-
tating and stopping operations. Thatis, for example, con-
trol unit 70 disables a detection operation of floor surface
detection sensors 74. Alternatively, control unit 70 does
not use the detection signals obtained from floor surface
detection sensors 74 for control.

[0144] Execution of the second moving control makes
it possible to lower a possibility of erroneous determina-
tion of the type of floor surface.

[0145] Although an example in which the second mov-
ing control is executed in a case where rotating and stop-
ping operations of drive wheels 31 are repeated has been
described above, the present exemplary embodiment is
not limited to this. For example, the second moving con-
trol may be executed in a manner similar to that described
above in a case where influence of disturbance against
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the detection signals obtained from floor surface detec-
tion sensors 74 becomes large due to another factor.
This makes it possible to obtain similar effects. An ex-
ample of the other factor is a case where cleaner 10 re-
peats a spinning operation or a circling operation.
[0146] Control unit 70 executes the second moving
control as described above.

[0147] The third moving control is described in detail
with reference to FIGS. 1, 2, and 24 through 27.

[0148] In the third moving control, control unit 70 con-
trols movement such that a plurality of determining proc-
esses are performed in parallel in order to detect a trav-
elling inhibiting factor. The determining processes are,
for example, a skid determining process shown in FIG.
24, a collision determining process shown in FIG. 25, a
step determining process shown in FIG. 26, and a wheel
fall determining process shown in FIG. 27.

[0149] First, the skid determining process is described.
[0150] In the skid determining process shown in FIG.
24, control unit 70 performs processes as follows.
[0151] First, control unit 70 acquires a detection signal
from first rotation speed sensor 76. Control unit 70 cal-
culates a rotation speed of drive wheels 31 based on the
acquired detection signal (step S11).

[0152] Next, control unit 70 acquires a detection signal
from second rotation speed sensor 77. Control unit 70
calculates a rotation speed of caster 23 based on the
acquired detection signal (step S12).

[0153] Next, control unit 70 determines whether or not
the rotation speed of drive wheels 31 is higher than the
rotation speed of caster 23 by a predetermined difference
or larger (step S13). The predetermined difference is de-
termined in advance such that whether drive wheels 31
are skidding can be determined based on a difference
between the calculated rotation speed of drive wheels
31 and the calculated rotation speed of caster 23. The
predetermined difference is, for example, a case where
a number of rotations of caster 23 is less than 2 in a case
where drive wheels 31 travel at a speed of 30 cm/sec.
[0154] In a case where a difference between the rota-
tion speed of drive wheel 31 and the rotation speed of
caster 23 is equal to or larger than the predetermined
difference (YES in step S13), control unit 70 determines
that there is a travelling inhibiting factor. Then, control
unit 70 determines that the travelling inhibiting factor is
a skid of drive wheels 31 (step S14).

[0155] Meanwhile, in a case where the difference be-
tween the rotation speeds is less than the predetermined
difference (NO in step S13), control unit 70 determines
that there is no travelling inhibiting factor and that drive
wheels 31 are not skidding (step S15).

[0156] Then, the skid determining process is finished.
[0157] The collision determining process is described
below.

[0158] In the collision determining process shown in
FIG. 25, control unit 70 performs processes as follows.
[0159] First, control unit 70 determines whether or not
a detection signal has been output by collision detection
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sensor 73 (step S21). Collision detection sensor 73 is
turned on and outputs the detection signal to control unit
70 in a case where bumper 22 collides with an object and
is pushed toward body 20.

[0160] Thatis, in a case where the detection signal is
outputby collision detection sensor 73 (YES in step S21),
control unit 70 determines that there is a travelling inhib-
iting factor. Then, control unit 70 determines that the trav-
elling inhibiting factor is collision between bumper 22 and
the object (step S22).

[0161] Meanwhile,in acase where the detection signal
is not output by collision detection sensor 73 (NO in step
S21), control unit 70 determines that there is no travelling
inhibiting factor and that bumper 22 has not collided with
an object (step S23).

[0162] Then, the collision determining process is fin-
ished.

[0163] The step determining process is described be-
low.

[0164] In the step determining process shown in FIG.

26, control unit 70 performs processes as follows.
[0165] First, control unit 70 acquires detection signals
from the plurality of floor surface detection sensors 74.
Control unit 70 calculates distances between parts of
body 20 where floor surface detection sensors 74 are
provided and a floor surface based on the acquired de-
tection signals (step S31).

[0166] Next, control unit 70 determines whether or not
the distances between the parts of body 20 and the floor
surface are equal to or larger than a predetermined dis-
tance (step S32). The predetermined distance is deter-
mined in advance such that whether a step exists below
body 20 can be determined based on the calculated dis-
tances between the parts of body 20 and the floor surface.
[0167] Inacasewherethedistancesbetweenthe parts
of body 20 and the floor surface are equal to or larger
than the predetermined distance (YES in step S32), con-
trol unit 70 determines that there is a travelling inhibiting
factor. Then, control unit 70 determines that the travelling
inhibiting factor is a step existing below body 20 (step
S33).

[0168] Meanwhile, in a case where the distances be-
tween the parts of body 20 and the floor surface are less
than the predetermined distance, control unit 70 deter-
mines that there is no travelling inhibiting factor and that
there is no step below body 20 (step S34). The step de-
termined in the step determining process is, for example,
a step that causes large impact on cleaner 10 when
cleaner 10 falls on the step.

[0169] Then, the step determining process is finished.
[0170] The wheel fall determining process is described
below.

[0171] In the wheel fall determining process shown in
FIG. 27, control unit 70 performs processes as follows.
[0172] First, control unit 70 acquires a detection signal
from wheel fall detection sensor 78. Control unit 70 cal-
culates an amount by which drive wheel 31 floats above
the floor surface (hereinafter referred to as a "floating
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amount") based on the acquired detection signal (step
S41).

[0173] Next, control unit 70 determines whether or not
the calculated floating amount is equal to or larger than
a predetermined floating amount (step S42). The prede-
termined floating amount is determined in advance such
that whether drive wheel 31 has fallen can be determined
based on the calculated floating amount.

[0174] In a case where the calculated floating amount
is equal to or larger than the predetermined floating
amount (YES in step S42), control unit 70 determines
that there is a travelling inhibiting factor. Then, control
unit 70 determines that the travelling inhibiting factor is
wheel fall of drive wheel 31 (step S43).

[0175] Meanwhile, in acase where the calculated float-
ing amount is less than the predetermined floating
amount (NO in step S42), control unit 70 determines that
there is no travelling inhibiting factor and that drive wheel
31 has not fallen (step S44).

[0176] Then, the wheel fall determining process is fin-
ished.

[0177] The third moving control is executed as de-
scribed above.

[0178] An operation performed in a case where control

unit 70 determines that there is a travelling inhibiting fac-
torin any of the determining processes of the third moving
control is specifically described below.

[0179] First, control unit 70 reverses drive wheels 31
at a rotation speed lower than the rotation speed of drive
wheels 31 calculated based on a detection signal ob-
tained from first rotation speed sensor 76. Reversal of
drive wheels 31 causes cleaner 10 to retreat from the
spot. This sometimes overcomes the travelling inhibiting
factor.

[0180] Note that in a case where there is a travelling
inhibiting factor, there is a possibility that an actual direc-
tion of drive wheels 31 is largely deviated from a direction
recognized by control unit 70.

[0181] However, the third moving control causes
cleaner 10 to retreat while rotating drive wheels 31 at a
low rotation speed, as described above. This can lower
a risk of movement of cleaner 10 in a direction that is
markedly different from a direction recognized by control
unit 70. Furthermore, it is possible to lower a risk of col-
lision of cleaner 10 with an obstacle. It is therefore pos-
sible to provide cleaner 10 that is good in operation sta-
bility.

(Modifications)

[0182] The above exemplary embodiment has de-
scribed examples that can be assumed by the autono-
mous cleaner; however, the above exemplary embodi-
ment is not limiting.

[0183] In other words, the autonomous cleaner of the
present exemplary embodiment can include, in addition
to the above exemplary embodiment, the following mod-
ifications and any mode resulting from a combination of
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at least two modifications that are mutually consistent,
for example.

[0184] Specifically, the first cleaning control may be
freely changed.
[0185] For example, the following process may be fur-

ther added to the first cleaning control.

[0186] Specifically, control unit 70 may execute the fol-
lowing control in a case where it is highly likely that de-
tection signals obtained from floor surface detection sen-
sors 74 reflect the first surface or the second surface
while cleaner 10 is cleaning the third surface.

[0187] In this case, control unit 70 makes a period for
determination of the type of floor surface based on de-
tection signals obtained from floor surface detection sen-
sors 74 longer than a period for determination of the type
of floor surface in other situations. The other situations
are, for example, a case where cleaner 10 is cleaning
the first surface and a case where cleaner 10 is cleaning
the second surface.

[0188] Thatis, in acase where the type of floor surface
on which cleaner 10 is located changes from the third
surface to the first surface or the second surface, the
detection signals obtained from floor surface detection
sensors 74 change from a state where a fluctuation is
large to a state where a fluctuation is small. Even in a
case where the type of floor surface actually changes, a
fluctuation of the detection signals obtained from floor
surface detection sensors 74 does not converge prompt-
ly. Accordingly, the state where the fluctuation of the de-
tection signals is large sometimes continues even after
the type of floor surface changes. In a case where the
type of floor surface is determined in this state, it is highly
likely that control unit 70 erroneously determines the type
of floor surface. In view of this, the period for determina-
tion of the type of floor surface is set long. This makes it
more likely that control unit 70 can determine the type of
floor surface with more certainty even in such a situation
where there is a high risk of erroneous determination.
[0189] Furthermore, the concentrated cleaning opera-
tions in the second cleaning control may be freely
changed.

[0190] For example, a third cleaning operation may be
defined in advance in addition to the first cleaning oper-
ation and the second cleaning operation described
above, and a concentrated cleaning operation corre-
sponding to the type of floor surface may be selected
from among the three kinds of cleaning operations.
[0191] A specific operation is described with reference
to FIGS. 1, 22, 28A, and 28B.

[0192] FIG. 28A shows behavior of cleaner 10 in the
first cleaning operation that is similar to that shown in
FIG. 21A. FIG. 28B shows an example of another behav-
ior of cleaner 10 in the third cleaning operation.

[0193] That s, in the third cleaning operation, cleaner
10 circles about a virtual center of rotation set in a con-
centrated cleaning region as shown in FIG. 28B. Cleaner
10 spins while circling. The aforementioned cleaning op-
eration makes it easier to raise lying threads of a carpet.
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As aresult, itis possible to reduce an amount of dust that
remains without being sucked even on the third surface
such as a carpet, and it is therefore possible to clean the
third surface with more certainty.

[0194] The third cleaning operation may be arranged
as follows. For example, cleaner 10 may performs a
cleaning operation while circling about the virtual center
of rotation without spinning. Furthermore, a radius of cir-
cling of cleaner 10 may be changed based on a detection
signal obtained from obstacle detection sensor 71.
[0195] For example, control unit 70 sets the radius of
circling long in a case where there is no obstacle around
body 20. Meanwhile, in a case where there is an obstacle
around body 20, control unit 70 sets a circling distance
shorter as a distance between the obstacle and body 20
becomes shorter. According to this control, it is possible
to efficiently clean a wide range by a concentrated clean-
ing operation in a range where body 20 does not collide
with the obstacle.

[0196] Furthermore, the third cleaning control may be
freely changed.
[0197] Forexample, control unit 70first causes cleaner

10 to travel toward wall P2. Then, control unit 70 may
stop travelling of cleaner 10 when a distance between
body 20 and wall P2 reaches a predetermined distance
in a range where a gap is created between body 20 and
wall P2. In this state, dust close to wall P2 and dust at
corner P3 are collected toward a region below body 20
by rotation of auxiliary brush 100 and are sucked into
body 20.

[0198] The above detailed descriptions are illustrative
and are not restrictive. For example, the embodiment or
one or more modifications may be combined as needed.
[0199] Furthermore, a technical feature or a subject
disclosed in the present exemplary embodiment may ex-
ist in features less than all features of a specific exem-
plary embodiment. Accordingly, the claims are incorpo-
rated into the detailed description of the invention, and it
is needless to say that each claim can claim itself as an
individual exemplary embodiment.

[0200] Furthermore, itis needless to say that the scope
disclosed in the present exemplary embodiment is de-
termined based on both rights given to the claims and
whole ranges of equivalents thereof.

[0201] As has been described above, the present in-
vention may be an auxiliary brush that is attached to a
body so as to be capable of collecting dust to a suction
port provided in a bottom surface of the body that con-
stitutes an autonomous cleaner, the auxiliary brush in-
cluding a short bristle bundle that is a bundle of short
bristles and along bristle bundle thatis a bundle of bristles
longer than the short bristle bundle.

[0202] According to the configuration, in a case where
the autonomous cleaner equipped with the auxiliary
brush cleans a corner of a region to be cleaned, dust
close to a vertex of the corner that is out of reach of the
short bristle bundle can be collected by the long bristle
bundle. Furthermore, in a case where the autonomous
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cleaner cleans along a wall in the region to be cleaned,
the short bristle bundle does not make contact with the
wall or an amount of warpage of the short bristle bundle
is smaller than the long bristle bundle even in a case
where the short bristle bundle makes contact with the
wall. This can lower a risk of flicking dust far away by the
short bristle bundle. It is therefore possible to efficiently
collect dust around the body.

[0203] Furthermore, the auxiliary brush of the autono-
mous cleaner according to the present invention may in-
clude a brush shaft that is rotated relative to the body by
force transmitted from a power source provided in the
body, an attachment part that is attached to the brush
shaft so as to rotate integrally with the brush shaft, and
a bristle holder that is provided so as to protrude from
the attachment part and hold the short bristle bundle and
the long bristle bundle.

[0204] According to the configuration, the brush shaft,
the attachment part, the bristle holder, the short bristle
bundle, and the long bristle bundle integrally rotate. Dust
around the body is collected by the short bristle bundle
and the long bristle bundle. Furthermore, in a case where
auxiliary brushes are configured such that front ends of
bristle bundles reach the same position, a length of a
bristle bundle of a former auxiliary brush can be made
shorter than alength of a bristle bundle of a latter auxiliary
brush. This makes it possible to reduce an amount of
warpage of the bristle bundle that makes contact with a
wall.

[0205] Furthermore, the auxiliary brush of the autono-
mous cleaner according to the present invention may be
configured such that the bristle holder holds the short
bristle bundle and the long bristle bundle such that a gap
is created between the short bristle bundle and the long
bristle bundle.

[0206] According to the configuration, in a case where
the autonomous cleaner equipped with the auxiliary
brush is placed on a floor surface, the short bristle bundle
and the long bristle bundle are pressed against the floor
surface, and bristles that constitute the bristle bundles
spread. That is, in a case where the short bristle bundle
and the long bristle bundle are held by the bristle holder,
the spread bristles of the short bristle bundle and the
spread bristles of the long bristle bundle are unlikely to
overlap each other. This widens contactareas of the short
bristle bundle and the long bristle bundle with the floor
surface. It is therefore possible to more efficiently collect
dust around the body.

[0207] Furthermore, the bristle holder of the auxiliary
brush of the autonomous cleaner according to the
present invention may hold the short bristle bundle and
the long bristle bundle such that the short bristle bundle
is followed by the long bristle bundle in a rotation direction
of the auxiliary brush.

[0208] According to the configuration, the short bristle
bundle that is less likely to be warped by contact with a
wall than the long bristle bundle collects dust earlier. Ac-
cordingly, it is less likely that the dust is flicked far away
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when the long bristle bundle returns from the warped
state to an original state.

[0209] Furthermore, the autonomous cleaner accord-
ing to the present invention may include the auxiliary
brush.

[0210] According tothis configuration, effects substan-
tially similar to the effects obtained by the auxiliary brush
can be obtained.

[0211] Furthermore, the autonomous cleaner accord-
ing to the present invention includes an obstacle detec-
tion sensor that detects a forward distance that is a dis-
tance between a front face of the body and an object and
a distance measuring sensor that detects a sideway dis-
tance that is a distance between a side face of the body
and an object. The autonomous cleaner is moved from
a first position where the forward distance detected by
the obstacle detection sensor is a first distance and the
sideway distance detected by the distance measuring
sensor is a second distance to a second position where
the forward distance detected by the obstacle detection
sensor is a third distance longer than the first distance
and the sideway distance detected by the distance meas-
uring sensor is a fourth distance longer than the second
distance. For this purpose, the autonomous cleaner may
rotate at the first position and then retreat from the first
position to the second position after the rotation.

[0212] According to this configuration, in a case where
an object is present close to a front face or close to one
of sides, the autonomous cleaner first rotates in order to
retreat from the spot. Then, the autonomous cleaner re-
treats to the second position. Accordingly, evenin a case
where a shape of the body is not circular, the body is
unlikely to collide with a nearby object when retreating
from the first position.

[0213] Furthermore, the autonomous cleaner accord-
ing to the present invention may include a dust sensor
that detects an amount of dust flowing from the suction
port and travel so as to draw a circle in a case a deter-
mined amount of dust is equal to or larger than a prede-
termined amount based on a detection signal obtained
from the dust sensor.

[0214] Accordingtothis configuration, the autonomous
cleaner intensively cleans a region where an amount of
dust is large. Furthermore, the autonomous cleaner
moves in various directions because of the circular move-
ment. This makes it possible to effectively scrape up and
easily suck, for example, dust between threads of a car-
pet.

[0215] Furthermore, the autonomous cleaner accord-
ing to the present invention may include a drive wheel
for traveling of the body and a first rotation speed sensor
that detects a rotation speed of the drive wheel and
change a method for controlling the drive wheel so as to
overcome a travelling inhibiting factor that inhibits trav-
elling of the autonomous cleaner upon detection of the
travelling inhibiting factor.

[0216] According to this configuration, behavior of the
autonomous cleaner is changed by changing the method
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for controlling the drive wheel. This increases a possibility
of overcoming the travelling inhibiting factor. In this case,
the drive wheel is rotated at a low speed. Accordingly, it
is less likely that a large impact is given to the autono-
mous cleaner even in a case where the autonomous
cleaner makes contact with an obstacle. It is therefore
possible to obtain a highly reliable autonomous cleaner.
[0217] Furthermore, the autonomous cleaner accord-
ing to the present invention includes a caster and a sec-
ond rotation speed sensor that detects a rotation speed
of the caster. The drive wheel may be rotated in a reverse
direction at a speed lower than the rotation speed detect-
ed by the first rotation speed sensor in a case where it
is determined that the drive wheel is skidding based on
a detection signal obtained from the first rotation speed
sensor and a detection signal obtained from the second
rotation speed sensor.

[0218] Accordingtothis configuration, the autonomous
cleaner retreats by the reverse rotation of the drive wheel.
This heightens a possibility of overcoming the skid. Fur-
thermore, the autonomous cleaner retreats while rotating
the drive wheel at a low speed. Accordingly, it is less
likely that a large impact is given to the autonomous
cleaner even in a case where the autonomous cleaner
makes contact with an obstacle when retreating.

[0219] Furthermore, the autonomous cleaner accord-
ing to the present invention includes a bumper provided
on afront part of the body and a collision detection sensor
that detects collision of the bumper with an object. The
drive wheel may be rotated in a reverse direction at a
speed lower than the rotation speed detected by the first
rotation speed sensor in a case where it is determined
that the bumper has collided with an object based on a
detection signal obtained from the collision detection sen-
sor.

[0220] Accordingtothis configuration, the autonomous
cleaner retreats by the reverse rotation of the drive wheel.
This makes it possible to promptly move the autonomous
cleaner away from the object present ahead of the au-
tonomous cleaner. Furthermore, the autonomous clean-
er retreats while rotating the drive wheel at a low speed.
Accordingly, it is less likely that a large impact is given
to the autonomous cleaner even in a case where the
autonomous cleaner makes contact with an obstacle
when retreating.

[0221] Furthermore, the autonomous cleaner accord-
ing to the present invention may include a floor surface
detection sensor that detects a distance from a floor sur-
face and rotate the drive wheel in a reverse direction at
a speed lower than the rotation speed detected by the
first rotation speed sensor in a case where it is deter-
mined that a step is present below the body based on a
detection signal obtained from the floor surface detection
sensor.

[0222] Accordingtothis configuration, the autonomous
cleaner retreats by the reverse rotation of the drive wheel.
This makes it possible to promptly move the autonomous
cleanerto a place where no step is present. Furthermore,
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the autonomous cleaner retreats while rotating the drive
wheel at a low speed. Accordingly, it is less likely that a
large impact is given to the autonomous cleaner even in
a case where the autonomous cleaner makes contact
with an obstacle when retreating.

[0223] Furthermore, the autonomous cleaner accord-
ing to the present invention may include a wheel fall de-
tection sensor that detects fall of the drive wheel and
rotate the drive wheel in a reverse direction at a speed
lower than the rotation speed detected by the first rotation
speed sensor in a case where it is determined that the
drive wheel has fallen based on a detection signal ob-
tained from the wheel fall detection sensor.

[0224] Accordingtothis configuration, the autonomous
cleanerretreats by the reverse rotation of the drive wheel.
This heightens a possibility of overcoming wheel fall of
the autonomous cleaner. Furthermore, the autonomous
cleaner retreats while rotating the drive wheel at a low
speed. Accordingly, it is less likely that a large impact is
given to the autonomous cleaner even in a case where
the autonomous cleaner makes contact with an obstacle
when retreating.

[0225] Furthermore, the autonomous cleaner accord-
ing to the present invention includes a fence that deter-
mines a range where the autonomous cleaner moves
and is constituted by a plurality of panels that are con-
nected in a foldable manner. Each of the panels may
include a shaft bearing provided at a first end and a rotary
shaft provided at a second end, the rotary shaft of one
panel being attachable to the shaft bearing of another
panel, and the rotary shaft and the shaft bearing being
movable relative to each other in a direction normal to a
plane including the rotary shaft and the shaft bearing.
[0226] According to this configuration, the rotary shaft
and the shaft bearing of the panels move relative to each
other in the direction normal to the plane when the plu-
rality of panels are folded. This reduces a gap between
the one panel and the other panel. Itis therefore possible
to reduce a space necessary for storage of the fence.

(Notes regarding solution to problem)
Note (1)

[0227] An autonomous cleaner including a body hav-
ing a dust suction port in a bottom surface, a drive wheel
for travelling of the body, a floor surface detection sensor
that is provided on the body so as to be capable of de-
tecting a distance from a floor surface, and a control unit
that reflects a result of detection of the floor surface de-
tection sensor in control concerning cleaning, wherein
the floor surface detection sensor is provided closer to a
rear side than the drive wheel is.

Note (2)

[0228] The autonomous cleaner according to Note (1),
further including a main brush provided in the suction
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port opened in the bottom surface of the body, wherein
the floor surface detection sensor is provided closer to
the rear side than the main brush is.

Note (3)

[0229] The autonomous cleaner according to Note (1)
or Note (2), further including an auxiliary brush that is
provided on the body so as to be capable of collecting
dust to the suction port, wherein the floor surface detec-
tion sensor is provided closer to the rear side than the
auxiliary brush is.

Note (4)

[0230] The autonomous cleaner according to any of
Notes (1) through (3), wherein the control unit changes
a moving direction of the body to a plurality of directions
in a case where it is determined that the floor surface is
acarpet based on aresult of detection of the floor surface
detection sensor.

INDUSTRIAL APPLICABILITY

[0231] The present invention is applicable to various
autonomous cleaners such as those for home use and
those for business use.

REFERENCE MARKS IN THE DRAWINGS
[0232]

1: cleaner system
10: autonomous cleaner (cleaner)
20: body

20A: bottom surface
20B: suction port
20C: side part
21: panel cover
22: bumper

23: caster

30: drive unit

31: drive wheel
32: housing

40: cleaning unit
41: main brush
50: trash can unit
51: trash can

52: main body
52A: inlet

52B: outlet

53: lid

54: hinge

55: filter

56: frame

56A: window
56B: middle wall
56C: guide

10

15

20

25

30

35

40

45

50

55

17

56D: top part

56E: guide surface

57: collector

58: buckle

59: handle

60: suction unit

70: control unit

71: obstacle detection sensor
72: distance measuring sensor
73: collision detection sensor
74: floor surface detection sensor
75: dust sensor

76: first rotation speed sensor
77: second rotation speed sensor
78: wheel fall detection sensor
80: power unit

90: fence

91: panel

91A: first end

91B: second end

92: rotary shaft

93: shaft bearing

93A: claw

93D, 58P, 58Q: gap

94: base

95: panel body

100: auxiliary brush

110: brush shaft

120: attachment part

130: bristle holder

140: bristle bundle

141: short bristle bundle

142: long bristle bundle

D1: first distance

D2: second distance

D3: third distance

D4: fourth distance

P1,P2: wall

P3: corner

P4: vertex

Claims

1. An auxiliary brush that is attached to a body consti-
tuting an autonomous cleaner so as to be capable
of collecting dust to a suction port provided in a bot-
tom surface of the body, the auxiliary brush compris-

ing:

a short bristle bundle that is a bundle of short
bristles; and

a long bristle bundle that is a bundle of bristles
longer than the short bristle bundle.

2. Theauxiliary brush according to claim 1, further com-
prising:
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a brush shaft that is rotated relative to the body
by force transmitted from a power source pro-
vided in the body;

an attachment part that is attached to the brush
shaft so as to rotate integrally with the brush
shaft; and

a bristle holder that is provided so as to protrude
from the attachment part and hold the short bris-
tle bundle and the long bristle bundle.

The auxiliary brush according to claim 2, wherein the
bristle holder holds the short bristle bundle and the
long bristle bundle such that a gap is created be-
tween the short bristle bundle and the long bristle
bundle.

The auxiliary brush according to claim 2, wherein the
bristle holder holds the short bristle bundle and the
long bristle bundle such that the short bristle bundle
is followed by the long bristle bundle in a rotation
direction of the auxiliary brush.

An autonomous cleaner comprising the auxiliary
brush according to claim 1.

The autonomous cleaner according to claim 5, fur-
ther comprising:

an obstacle detection sensor that detects a for-
ward distance that is a distance between a front
face of the body and an object; and

adistance measuring sensor that detects a side-
way distance that is a distance between a side
face of the body and an object,

wherein the autonomous cleaner rotates at a
first position where the forward distance detect-
ed by the obstacle detection sensor is a first dis-
tance and the sideway distance detected by the
distance measuring sensor is a second distance
and then retreats from the first position to a sec-
ond position where the forward distance is a third
distance longer than the first distance and the
sideway distance is a fourth distance longer than
the second distance in order to move from the
first position to the second position after the ro-
tation.

The autonomous cleaner according to claim 5, fur-
ther comprising a dust sensor that detects an amount
of dust flowing from a suction port,

wherein the autonomous cleaner travels so as to
draw a circle in a case where a determined amount
of dust is equal to or larger than a predetermined
amount based on a detection signal obtained from
the dust sensor.

The autonomous cleaner according to claim 5, fur-
ther comprising:
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9.

10.

1.

12.

32

a drive wheel for travelling of the body; and

a first rotation speed sensor that detects a rota-
tion speed of the drive wheel,

wherein a method for controlling the drive wheel
is changed so as to overcome a travelling inhib-
iting factor that inhibits travelling of the autono-
mous cleaner upon detection of the travelling
inhibiting factor.

The autonomous cleaner according to claim 8, fur-
ther comprising:

a caster; and

a second rotation speed sensor that detects a
rotation speed of the caster,

wherein the drive wheel is rotated in a reverse
direction at a speed lower than the rotation
speed detected by the firstrotation speed sensor
in a case where it is determined that the drive
wheel is skidding based on a detection signal
obtained from thefirst rotation speed sensorand
a detection signal obtained from the second ro-
tation speed sensor.

The autonomous cleaner according to claim 8, fur-
ther comprising:

a bumper that is provided on a front part of the
body; and

a collision detection sensor that detects collision
of the bumper with an object,

wherein the drive wheel is rotated in a reverse
direction at a speed lower than the rotation
speed detected by the firstrotation speed sensor
in a case where it is determined that the bumper
has collided with an object based on a detection
signal obtained from the collision detection sen-
SOr.

The autonomous cleaner according to claim 8, fur-
ther comprising a floor surface detection sensor that
detects a distance from a floor surface,

wherein the drive wheel is rotated in a reverse direc-
tion at a speed lower than the rotation speed detect-
ed by the first rotation speed sensor in a case where
itis determined that a step is present below the body
based on a detection signal obtained from the floor
surface detection sensor.

The autonomous cleaner according to claim 8, fur-
ther comprising a wheel fall detection sensor that
detects wheel fall of the drive wheel,

wherein the drive wheel is rotated in a reverse direc-
tion at a speed lower than the rotation speed detect-
ed by the first rotation speed sensor in a case where
it is determined that the drive wheel has been fallen
based on a detection signal obtained from the wheel
fall detection sensor.
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13. A cleaner system comprising:

the autonomous cleaner according to claim 5;

and

a fence that determines a range where the au- %
tonomous cleaner moves and is constituted by

a plurality of panels that are connected in a fold-
able manner,

wherein each of the panels includes a shaft
bearing provided at a first end and a rotary shaft 70
provided at a second end,

wherein the rotary shaft of one of the panels is
attachable to the shaft bearing of another one

of the panels, and

wherein the rotary shaft and the shaft bearing 75
are movable relative to each other in a direction
normal to a plane including the rotary shaft and

the shaft bearing.
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Continuation of Box No.III of continuation of first sheet(2)

(Invention 1) claims 1-5

Document 1 discloses “a side brush 4 for forcibly moving dust into
an intake opening 6 in a bottom surface 2 of a cleaner body 1, the side
brush 4 including brush bodies 233, 233 which are a plurality of split
bundles with different lengths”, and “a rotating shaft 15, a base 17,
and an inclined surface 16 protruding from the base 17 and holding the
brush bodies 233, 233 in a state in which a gap is formed”. Accordingly,
claims 1 to 3 and 5 lack novelty and do not have a special technical
feature.

However, claim 4, which is a dependent claimof claim 1, has the special
technical feature “the hair holder portion holds a short bristle bundle
and a long bristle bundle so that the short bristle bundle precedes the
long bristle bundle in a rotating direction of the auxiliary brush”.

Consequently, claims 1-5 are classified into Invention 1.

(Invention 2) claim 6

It is not considered that claim 6 has a technical feature same as
or corresponding to claims 1-5 classified into Invention 1.

Withrespect toclaim6, which is a dependent claimof claimb classified
into Invention 1, the technical feature incorporated into claim 5 “in
order tomove froma first position at which the forward distance detected
by the obstacle detection sensor is a first distance and the lateral
distance detectedby the distance measurement sensor is a second distance,
to a second position at which the forward distance is a third distance
longer thanthe first distance and the lateral distance isa fourthdistance
longerthanthe seconddistance, rotationisperformedat the firstposition
and, after the rotation, a backward movement from the first position
to the second position is performed” has a low technical relevance with
the technical feature of claim 4 “the hair holder portion holds a short
bristle bundle and a long bristle bundle so that the short bristle bundle
precedes the long bristle bundle in a rotating direction of the auxiliary
brush”.

Therefore, it is not considered that claim 6 has an inventive
relationship with claim 4.

In addition, claim 6 has no relationship such that said claim 6 is
substantially same as or equivalent to any claimclassified into Invention
1.

Consequently, claim 6 cannot be classified into Invention 1.

Claim 6 has the special technical feature of “in order to move from
a first position at which the forward distance detected by the obstacle
detection sensor is a first distance and the lateral distance detected
by the distance measurement sensor is a second distance, to a second
position at which the forward distance is a third distance longer than
the first distance and the lateral distance is a fourth distance longer
than the second distance, rotation is performed at the first position
and, after the rotation, a backward movement from the first position
to the second position is performed”, and is therefore classified into
Invention 2.

(Invention 3) claim 7

It is not considered that claim 7 has a technical feature same as
or corresponding to claims 1-5 classified into Invention 1 or claim 6
classified into Invention 2.

(Continued to next extra sheet)
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With respect toclaim7, which is a dependent claimof claim5 classified
into Invention 1, the technical feature incorporated into claim5 “travels
in a circle if the amount of trash determined based on a detection signal
from a dust sensor is not less than a predetermined amount” has a low
technical relevance to the technical feature of claim 4 or 6.

Therefore, it is not considered that claim 7 has an inventive
relationship with claims 4, 6.

Therefore, claim 7 cannot be classified into either Invention 1 or
Invention 2.

Claim 7 has the special technical feature of “travels in a circle
if the amount of trash determined based on a detection signal from a
dust sensor is not less than a predetermined amount” and is therefore
classified into Invention 3.

(Invention 4) claims 8-12

It is not considered that claim 8 has a technical feature same as
or corresponding to claims 1-5 classified into Invention 1, claim 6
classified into Invention 2 or claim 7 classified into Invention 3.

With respect toclaim8, which is a dependent claimof claim5 classified
into Invention 1, the technical feature incorporated into claim 5 “upon
detection of a travel hindering factor which is a factor that hinders
the travel of the autonomous travelling cleaner, themethod of controlling
the drive wheel is modified so as to eliminate the factor” has a low
technical relevance to the technical feature of claim 4, 6, or 7.

Therefore, it is not considered that claim 8 has an inventive
relationship with claims 4, 6 and 7.

Therefore, claim 8 cannot be classified into any one of Inventions
1, 2 and 3.

Claims 8 to 12 have the special technical feature “upon detection
of a travel hindering factor which is a factor that hinders the travel
of the autonomous travelling cleaner, the method of controlling the drive
wheel is modified so as to eliminate the factor” and are therefore
classified into Invention 4.

(Invention 5) claim 13

It is not considered that claim 13 has a technical feature same as
or corresponding to claims 1-5 classified into Invention 1, claim 6
classified into Invention 2, claim7 classified into Invention 3 or claims
8-12 classified into Invention 4.

Withrespecttoclaiml3, whichisadependentclaimofclaimbclassified
into Invention 1, the technical feature incorporated into claim 5
“comprising a fence which is an element that determines the range of
movement of the autonomous travelling cleaner and which is configured
of a plurality of panels linked in a foldable manner, wherein the panels
comprise a bearing disposed at a first end and a rotating shaft disposed
at a second end, wherein the rotating shaft of one panel is mountable
to the bearing of another one panel, and the rotating shaft and the bearing
are relatively movable in a direction normal to a plane including the
rotating shaft and the bearing” has a low technical relevance to the
technical feature of claim 4, 6, 7, or 8.

Therefore, 1t is not considered that claim 13 has an inventive
relationship with claims 4, 6, 7 and 8.

Therefore, claim 13 cannot be classified into any one of Inventions
1, 2, 3 and 4.

(Continued to next extra sheet)
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Claim 13 has the special technical feature of “comprising a fence
which is anelement that determines the range of movement of the autonomous
travelling cleaner and which is configured of a plurality of panels linked
in a foldable manner, wherein the panels comprise a bearing disposed
at a first end and a rotating shaft disposed at a second end, wherein
the rotating shaft of one panel is mountable to the bearing of another
one panel, and the rotating shaft and the bearing are relatively movable
in a direction normal to a plane including the rotating shaft and the
bearing” and is therefore classified into Invention 5.
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