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(57) Abrégé/Abstract:

Provided is an electric vacuum cleaner able to more efficiently clean in narrow spaces while also effectively avoiding an object (P).
An object sensor (31) is provided to a main case (15) and detects the presence or absence of an object (P) within a predetermined
distance in a plurality of directions on the front side of the main case (15). A control unit allows the main case (15) to travel
autonomously by controlling the operation of drive wheels (25), (25) on the basis of a detection of the object (P) by the object
sensor (31). When the object (P) has been detected by the object sensor (31), the control unit controls the operation of the drive
wheels (25), (25) so as to orient a side part of the main case (15) toward the object (P), by turning the main case (15) by an angle
corresponding to the detected direction of the object (P).
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(57) Abstract: Provided is an electric vacuum cleaner able to more effi-
ciently clean in narrow spaces while also effectively avoiding an object
(P). An object sensor (31) is provided to a main case (15) and detects the
presence or absence of an object (P) within a predetermined distance in a
plurality of directions on the front side of the main case (15). A control
unit allows the main case (15) to travel autonomously by controlling the
operation of drive wheels (25), (25) on the basis of a detection of the ob-
ject (P) by the object sensor (31). When the object (P) has been detected
by the object sensor (31), the control unit controls the operation of the
drive wheels (25), (25) so as to orient a side part of the main case (15) to -
ward the object (P), by turning the main case (15) by an angle correspond-
ing to the detected direction of the object (P).
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DESCRIPTION

VACUUM CLEANER

TECHNICAL FIELD
[0001]

Embodiments described herein relate generally to a
vacuum cleaner which autonomously travels due to control
of operation of its driving wheels based on detection of

objects by an object detection means.

BACKGROUND ART
[0002]

Conventionally, there is known a so-called
autonomous-traveling type vacuum cleaner (cleaning robot)
which autonomously travels on and cleans a cleaning-
object surface while detecting an obstacle or the like by
using, for example, a sensor or the like.

[0003]

Generally, since various obstacles of different
shapes or placements are present on the cleaning-object
surface, it is desirable that the cleaning-object surface
can be cleaned without gaps as much as possible while
those obstacles are effectively avoided. However, sensors
mounted on such vacuum cleaners are ordinarily infrared
sensors, ultrasonic sensors and the like and so it is not
easy to directly discriminate an obstacle by a sensor.
[0004]

Accordingly, 1t 1is conceivable that, for example,
by scanning an obstacle with a sensor while swinging the
vacuum cleaner, a shape of the obstacle is discriminated
and a type of the obstacle is inferred. However, this

action results in an unnecessary action as a cleaning



action and moreover entering narrow spots surrounded by
obstacles or escaping from narrow spots involves such
scanning every time, leading to worse efficiency.
[C005]

Consequently, efficient cleaning of narrow spots to
be enabled while obstacles are effectively avoided is

desired.

CITATION LIST
Patent Literature
[0006]
PTL 1: Japanese Laid~open Patent Publication No.

2014-501426

SUMMARY OF INVENTION
Technical Problem
[0007]
An object of the invention is to provide a wvacuum
cleaner capable of more efficiently cleaning narrow spots

while effectively avoiding objects.

Solution to Problem
[0008]
The vacuum cleaner according to the embodiments

includes a main casing;

a driving wheel for enabling the main casing
to travel on a cleaning-object surface;

a cleaning unit for cleaning the cleaning-
object surface;

an object detection means provided in the main
casing and serving for detecting presence or absence of

an object within a specified distance of an angular range

2
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in a plurality of directions on a forward side of the
main casing;

a detection means provided in the main casing
and serving for detecting presence or absence of an
object within a specified distance forward of a side
portion of the main casing; and

a control means for controlling operation of
the driving wheels based on detection of an object by the
object detection means and the detection means to thereby
make the main casing autonomously travel, wherein

when an object 1is detected by the object
detection means, the control means controls the operation
of the driving wheels so that the main casing is swung to
an angle set in correspondence to an angular range of a
direction of the detected object, in which state, when
the object is detected by the detection means, the
control means controls the operation of the driving
wheels so that the main casing is further swung, thereby

making a side portion of the main casing face the object.

BRIEF DESCRIPTION OF DRAWINGS
[C009]
[Fig. 1]

Fig. 1 is an explanatory view schematically
showing, in an order of (a) to (h), an example of
operation in a first traveling mode of a second cleaning-
traveling mode of a vacuum cleaner in one embodiment;
[Fig. 2]

Fig. 2(a) 1is an explanatory view schematically
showing an example of operation upon detection of an
object by an object detection means in a first cleaning-

traveling mode of the vacuum cleaner, and Fig. 2(b) 1is an

3
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explanatory view schematically showing another example of
operation upon detection of an object by the object
detection means in the first cleaning-traveling mode of
the vacuum cleaner;

[Fig. 3]

Fig. 3 is an explanatory view schematically
showing, in an order of (a) to (c¢), an example of
operation upon detection of an object by a detection
means in the first cleaning-traveling mode of the vacuum

cleaner;

3a
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[Fig. 4]

Fig. 4 is an explanatory view schematically
showing, in an order of (a) to (c), an example of
operation in a second traveling mode of the second

cleaning-traveling mode of the vacuum cleaner;

[Fig. 5]
Fig. 5 is an explanatory view schematically
showing, in an order of (a) to (c), an example of

operation upon ending the second traveling mode of the
second cleaning-traveling mode of the vacuum cleaner;
[Fig. 6]

Fig. 6 is a perspective view of the vacuum cleaner;
[Fig. 7]

Fig. 7 is a plan view showing the vacuum cleaner as
viewed from above;

[Fig. 8]

Fig. 8 is a plan view showing the vacuum cleaner as
viewed from below;
[Fig. 9]

Fig. 9 is a block diagram showing an internal
structure of the vacuum cleaner;
[Fig. 10]

Fig. 10(a) 1s an explanatory view schematically
showing an example of operation in the first cleaning-
traveling mode of the vacuum cleaner, Fig. 10(b) 1is an
explanatory view schematically showing an example of
operation in the second cleaning-traveling mode of the
vacuum cleaner, and Fig. 10{(c) 1is an explanatory view
schematically showing an example of operation in a third
cleaning-traveling mode of the vacuum cleaner;

[Fig. 11]

Fig. 11 is an explanatory view schematically
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showing, in (a) to (c), an example of narrow spots which
the vacuum cleaner enters;
[Fig. 12]

Fig. 12 1is a flowchart showing an outline of
cleaning operation processing of the vacuum cleaner;
[Fig. 131

Fig. 13 is a flowchart showing processing of the
first cleaning-traveling mode of the vacuum cleaner;
[Fig. 14]

Fig. 14 is a flowchart showing processing of the
second cleaning-traveling mode of the vacuum cleaner; and
[Fig. 15]

Fig. 15 is a flowchart showing processing of the

second traveling mode of the vacuum cleaner.

DESCRIPTION OF EMBODIMENTS
[0010]

Hereinbelow, an embodiment will be described in
terms of its constitution with reference to the
accompanying drawings.

[0011]

In Figs. 6 to 9, reference sign 11 denotes a vacuum
cleaner as an autonomous traveler. This vacuum cleaner 11
is provided as a vacuum cleaner device serving as an
autonomous traveling device together with, for example, a
charging device (charging stand) as an unshown station
device containing a charging circuit.

[(0012]

The vacuum cleaner 11 is, in this embodiment, a so-
called self-propelled robot <cleaner (cleaning robot)
that, while autonomously traveling (self-propelling) on a

floor surface being a cleaning-object surface as a travel

5
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surface, cleans the floor surface. The vacuum cleaner 11
includes a hollow main casing 15, a traveling part 16 for
making the main casing 15 travel on the floor surface, a
cleaning unit 17 for cleaning dust and dirt on the floor
surface and the 1like, a communication part 18 for
communicating with an external device including a
charging device, a display part 19 for displaying various
types of information, a control unit 20 (controller) as a
control means for controlling the traveling part 16, the
cleaning unit 17, the communication part 18 and the
display part 19, and a secondary bkattery 21 for supplying
electric power to the traveling part 16, the cleaning
unit 17, the communication part 18, the display part 19,
the control unit 20 and the like. In addition, in the
following description, a direction extending along the
traveling direction of the vacuum cleaner 11 (main casing
15) is assumed as a back-and-forth direction (directions
of arrows FR and RR shown in Fig. 6, etc.) while a left-
and-right direction (directions toward both sides)
crossing (orthogonally intersecting) with the back-and-
forth direction is assumed as a widthwise direction. It
is also assumed that a direction indicated by an arrow X
shown in Fig. 1 and the like represents the forward side
of the vacuum cleaner 11 (main casing 15).

[0013]

The main casing 15 is formed from, for example, a
synthetic resin into a flat cylindrical shape (disc
shape) or the like. 1In its lower surface facing the floor
surface, a suction port 22 and exhaust ports 23 are
opened.

[0014]

The traveling part 16 includes driving wheels 25,

6
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25 as a plurality (pair) of driving parts, motocrs 26, 26
being a driving means (drive members) as operating parts
for driving the driving wheels 25, 25, a swing wheel 27
for swinging use, a sensor part 28 having various types

of sensors, and the like.

(0015}

Fach driving wheel 25 1is intended for traveling
use, i.e., for making the vacuum cleaner 11 (main casing
15) travel (autonomously travel) in advancing and
retreating directions on the floor surface. The driving

wheels 25, 25, having an unshown rotating shaft extending
along a left-and-right widthwise direction, are placed
widthwise symmetrical to each other.

[0016]

Each motor 26 is placed 1in correspondence to each
driving wheel 25, for example, so as to be able to drive
each individual driving wheel 25 independently of each
other.

[0017]

The swing wheel 27 is a driven wheel which 1is
placed at a generally widthwise central and frontal
portion in the lower surface of the main casing 15 and
which is swingable along the floor surface.

[0018]

The sensor part 28 includes, for example, a
rotational speed sensor 30 as a rotational speed
detection means for detecting rotational speed of each
driving wheel 25 (each motor 26), an object sensor 31 as
an object detection means being a (first) obstacle
detection means (obstacle sensor) for detecting the
presence or absence of a physical object (obstacle) such

as a wall and furniture within a specified distance
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forward of the main casing 15, and a detection sensor 32
as a detection means being a (second) obstacle detection
means (obstacle sensor) for detecting the presence or
absence of a physical object (obstacle) such as a wall
and furniture within a specified distance forward of a
side portion of the main casing 15. This sensor part 28
may further include, for example, an unshown step gap
detection means (step gap sensor) such as an infrared
sensor for detecting a step gap or the like of the floor
surface, an unshown dust-and-dirt amount detection means
(dust-and-dirt amount sensor) for detecting a dust-and-
dirt amount on the floor surface, a station device
detection means (station device sensor) such as a
phototransistor for receiving radio signals (infrared
signals) from a charging device and the like, an anti-
collision signal detection means (anti-collision sensor)
which is an obstacle detection means (cobstacle sensor) as
an object detection means {(object sensor) such as an
infrared sensor for detecting a radio signal (infrared
signal) outputted from an external device such as a
charging device or a region defining means (virtual
guard) to thereby detect a virtual object (obstacle)
formed around the external device or within its region by
the received radio signal, and the like.

[0019]

The rotational speed sensor 30 is an optical
encoder and the like as an exanmple. Based on measured
rotational speeds of the driving wheels 25 (motors 26),
the control unit 20 detects and monitors swing angle or
advanced distance of the vacuum cleaner 11 (main casing
15). That 1is, the rotational speed sensor 30 has

functions as both a swing angle detection means (swing
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angle sensor) and a distance detection means (distance
sensor) .
[0020]

The object sensor 31, in this embodiment, is a
contact sensor having a bumper 35 which is a circular-arc
shaped, movable contactor forming a front-side half of
the main casing 15, and & switch 36 which is to be
actuated by movement of the bumper 35, thus the contact
sensor detects contact Dbetween the bumper 35 and an
object. That is, the object senscr 31 in this embodiment
is configured to detect an object (located at a zero
distance to} that comes into contact with the main casing
15.

[0021]

The bumper 35, which is movable along a radial
direction of the main casing 15, is biased in such a
direction as to be protruded from the main casing 15 by
an unshown biasing means (biaser) such as a spring, for
example. In addition, the bumper 35 may also be formed
into a semicircular-arc shape continuing from one side
via a front portion to the other side of the main casing
15, or into circular-arc shapes resulting from plural
division of a semicircular-arc region ranging from one
side via a front portion to the other side of the main
casing 15. In the case of such a plural-division
configuration of the bumper 35, the bumpers 35 are
preferably placed in left-and-right symmetry, for
example, divided into three areas of a front portion and
left-and-right both sides as an example.

[0022]
The switch 36 is actuated, i.e. changed between an

on and off state, by its contact with the bumper 35 that

9
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has relatively retreated by its contact with an object,
the switch 36 being placed at least on both sides of the
main casing 15, opposite to each other, at Dback face-
sides of the bumper 35. Then, by being changed between
on/off states in any one of these switches 36, it is made
possible to detect a contact of the bumper 35 with an
object as well as its contact position (contact
direction). In this embodiment, a plurality of regions
are set for the object sensor 31; for example, it can be
detected which region of the main casing 15 (bumper 35)
has come into contact with an object, out of several
front-side, left/right-generally-equal specified angular
ranges of the main casing 15 (bumper 35) including a
left/right direction central position, exemplified by
such three ranges as a front-side region 3la ranging over
an extent of 15° each for left and right, i.e. ranging
over a left-and-right total extent of 30°; a right-side
region 31lb rightward neighboring the front-side region
3la and ranging over a right-side specified angular range
of e.g. 75° from the right side portion of the main
casing 15 (bumper 35); and a left-side region 3lc
leftward neighboring the front-side region 31a and
ranging over a left-side specified angular range of, e.g.
75° from the left side portion of the main casing 15
(bumper 35). Therefore, the object sensor 31 is
configured to detect the presence or absence of an object
located within a specified distance of angular ranges in
the forward-side plural (three) directions of the main
casing 15, where object-detectable regions 3la, 31b, 3lc
are set in left-and-right symmetry in this embodiment.
[0023]

The detection sensor 32 is a non-contact sensor,

10
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such as an ultrasonic sensor or infrared sensor, for
example, for detecting an object located at a specified
distance apart from the main casing 15, 1i.e., located
forward of a side portion thereof. That is, this
detection sensor 32 has a function of an object detection
means (object sensor), i.e., a distance measuring means
(distance measuring sensor). In this embodiment, the
detection sensor 32 is located, for example, at central
portions of the right-side region 31b and the left-side
region 3lc, respectively, of the object sensor 31, i.e.,
at positions inclined by an angle of 52.5° each in the
left-and-right directions relative to the forward
direction of the main casing 15. Therefore, the detection
sensors 32 are placed in left-and-right symmetry.

[0024]

The cleaning unit 17 includes an electric blower 37
positioned, for example, in the main casing 15 to suck in
dust and dirt, a rotary brush 38 as a rotary cleaner
rotatably attached to the suction port 22 to scrape up
dust and dirt, as well as a brush motor 39 for rotary
driving the rotary brush, side brushes 40 being auxiliary
cleaning means (auxiliary cleaning units) as swinging
cleaning units rotatably attached on both sides of a
front side or other portions of the main casing 15 to
scrape together dust and dirt as well as side Dbrush
motors 41 for driving the side brushes 40, a dust
collecting unit 42 for accumulating dust and dirt, and
the like. In addition, as for the electric blower 37, the
rotary brush 38 as well as the brush motor 39, and the
side brushes 40 as well as the side brush motors 41, it
is only required that at least any one of these members

be provided.

11
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[0025]

The communication part 18 includes a transmission
part 46 being a transmission means such as an infrared-
emitting element for transmitting radio signals (infrared
signals) to an external device such as a charging device,
for example. In addition, the communication part 18 may
further include a wireless LAN device or the 1like for
receiving and transmitting radio signals with an external
device, for example, such as mobile terminals via access
points, for example, or the like.

[0026]

The display part 19, which is to display clock time
or time duration or various types of information related
to the vacuum cleaner 11 and the like, is placed at an
upper portion of the main casing 15 as an example. In
addition, the display part 19 may be provided as a touch
panel or the like additionally having a function of an
input operation means (input operating part) which allows
a user to directly input various types of settings, for
example.

[0027]

The control unit 20 is a microcomputer including a
CPU, a timer, a counter and the 1like as an example,
having a cleaning mode for, while autonomously traveling,
carrying out cleaning by the cleaning unit 17 based on
detection results of the sensor part 28, a return mode
for searching for the charging device and returning to
the charging device, a charging mode for charging the
secondary battery 21 via the charging device, and a
standby mode applied during a standby state. Then, in the
cleaning mode, a plurality, e.g. three, of cleaning-

traveling modes, 1i.e. first cleaning-traveling mode to

12
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third cleaning-traveling mode, are set, where these
cleaning-traveling modes are to be changed over at each
specified time-duration. That is, each time one of these
cleaning-traveling modes has been executed for a set
specified time duration set in correspondence to a
relevant one of the <c¢leaning-traveling modes, the
cleaning-traveling mode 1is switched over to the next
cleaning-~traveling mode. During the cleaning time, the
process 1is repetitively performed in an order of, for
example, the first cleaning-traveling mode, the second
cleaning-traveling mode, the third cleaning-traveling
mode, and the first cleaning-traveling mode.

[0028]

The first cleaning-traveling mode 1is a mode for
efficiently traveling in a region (open space) including
few objects (obstacles), which could be called a random-
bound traveling mode in which the vacuum cleaner 11 (main
casing 15) goes straight in a room while turning its
direction each time the vacuum cleaner has come to within
a specified distance to (collided with) an object. In
this first cleaning-traveling mode, not only the vacuum
cleaner 11 (main casing 15) is made to go straight, but
when a physical object (obstacle) P is detected within a
specified distance by the object sensor 31 (contact with
the vacuum cleaner 11 (main casing 15 (bumper 35)) |is
detected) or when an object (obstacle) P 1is detected
within a specified distance by the detection sensors 32,
operation of the motors 26, 26 (driving wheels 25, 25) is
controlled so that, in the case of detection of contact,
the vacuum cleaner 11 (main casing 15) is first slightly
retreated to be separated from the object P and then

swung by a specified swing angle (spin turn) so as to

13
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randomly change a traveling direction and made to further
go straight (shown by an arrow Sl in Fig. 10(a)).
Hereinbelow, the term 'go straight' refers to not only
going ahead along a straight line, but also substantially
going ahead, i.e., going ahead along a circular arc or
the like approximate to a straight line.

[0029]

The second cleaning-traveling mode 1is intended for
effectively cleaning vicinities of obstacles such as a
wall where dust and dirt are highly likely to accumulate,
for example, or corners of a cleaning region or the like
by the side brushes 40 (cleaning unit 17). The second
cleaning-traveling mode includes a first traveling mode
in which operation of the motors 26, 26 (driving wheels
25, 25) is controlled so that the vacuum cleaner 11 (main
casing 15) is made to travel linearly (go straight) and
moreover, when an object 1s detected by the object sensor
31 or the detection sensors 32, the main casing 15 is
swung to an angle corresponding to a direction of the
detected object so as to make a side portion of the main
casing 15 face the object, and a second traveling mode in
which operation of the motors 26, 26 (driving wheels 25,
25) is controlled so that the main casing 15 travels in a
curved shape along an object detected by the object
sensor 31 or the detection sensors 32 (shown by an arrow
S$2 in Fig. 10(b)).

[0030]

The first traveling mode is intended for making the
vacuum cleaner 11 (main casing 15) enter, for example,
around legs of furniture or the like where dust and dirt
are highly 1likely to accumulate. In this mode, it 1is

decided in a simplified manner whether or not an object

14
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detected by the object sensor 31 or the detection sensors
32 is a wall, where if the object is a wall, the vacuum
cleaner 11 (main casing 15) travels linearly along the
wall; if the object is not a wall, the vacuum cleaner 11
(main casing 15) goes on a round-about way around the
object in a round-about mode. Also, the second traveling
mode 1s a mode which could be called an escape-from-
narrow-spot traveling mode for escaping from narrow spots
or the like which the vacuum cleaner 11 {(main casing 15)
has entered by the first traveling mode.

[(0031]

The third cleaning-traveling mode 1is intended for
effectively cleaning vicinities of obstacles such as a
wall where dust and dirt are highly likely to accumulate
or corners of a cleaning region or the like by the side
brushes 40 (cleaning unit 17), for example. This third
cleaning-traveling mode could be called an along-the-wall
traveling mode in which the wvacuum cleaner 11 (main
casing 15) travels generally parallel to an outer edge of
a region of an obstacle (wall) or the like, which is the
object detected by the object sensor 31 or the detection
sensors 32, while keeping a generally constant specified
distance to the outer edge of the obstacle region. In
this third <cleaning-traveling mode, operation of the
motors 26, 26 (driving wheels 25, 25) 1is controlled so
that the wvacuum cleaner 11 (main casing 15), while
detecting a sideward obstacle (wall) by the detection
sensors 32, travels generally linearly along the obstacle
and moreover, when an object 1is detected by the object
sensor 31 forward of the main casing 15, the main casing
15 is swung to a specified angle (spin turn) at the

detection position so as to be changed in direction to
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make a side portion of the vacuum cleaner 11 (main casing
15), i.e. a detection sensor 32, face the object and
moreover make the vacuum cleaner 11 (main casing 15)
travel linearly along the wall (shown by an arrow S3 in
Fig. 10(c)) . In this embodiment, it is assumed
hereinbelow that the third cleaning-traveling mode is a
so-called along-the-right-hand mode in which the vacuum
cleaner 11 (main casing 15) travels while facing the wall
on the right side, i.e., while the right side of the
vacuum cleaner 11 (main casing 15) travels along the
obstacle (wall) as an object. However, the operation may
also be left/right reversed, i.e., set to an along-the-
left-hand mode. Moreover, the along-the-right-hand mode
and the along-the-left-hand mode of the third cleaning-
traveling mode may be switched over based on specified
conditions, for example, each time a specified time
{(e.g., 10 mins) has elapsed.

[0032]

The secondary battery 21 is electrically connected
to charging terminals 48, 48 as connecting parts exposed
on both sides of a rear portion of the lower surface of
the main casing 15 as an example. By these charging
terminals 48, 48 Dbeing electrically and mechanically
connected to charging terminals on the charging device
side, the secondary Dbattery 21 1is charged via the
charging device.

[0033]

Next, operations of the above-described embodiment

will be described.
[0034]
Generally, the vacuum cleaner 11 performs, as

roughly classified, cleaning work for <carrying out
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cleaning and charging work for charging the secondary
battery 21 with the charging device. Then, the cleaning
work is made up of an undocking motion where the vacuum
cleaner 11 1is undocked from the charging device, a
cleaning motion where cleaning is done by the cleaning
unit 17 after the undocking motion, a search moticn where
search for the charging device 1is done after or during
the cleaning motion, an approach motion where the vacuum
cleaner 11 travels toward the charging device detected by
the search motion, a docking motion where the wvacuum
cleaner 11 having approached the charging device 1is
docked with the charging device, and the like.

[0035] (Cleaning work)

First, an outline of the cleaning work is
described. When the control unit 20 of the vacuum cleaner
11 connected to the charging device is switched over to
the cleaning mode at a timing of cleaning start, the
vacuum cleaner 11 is undocked from the charging device
and then, with the cleaning-traveling mode switched over,
travels on the floor surface while avoiding obstacles and
simultaneously cleans up dust and dirt on the floor
surface by the cleaning unit 17 to collect the dust and
dirt. Then, when the cleaning has been executed for not
less than a cleaning time calculated based on size and
complexity of the region that 1is being cleaned, the
vacuum cleaner 11 returns to the charging device and ends
the cleaning work.

[0036]

In more detail, the cleaning work will be described
with reference to the flowchart shown in Fig. 12. At a
cleaning-start timing, such as an arrival at a preset

cleaning start time, for example, the control unit 20 is
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switched over from standby mode to cleaning mode, driving
the cleaning unit 17 and the traveling part 16 and the
like, so that the vacuum cleaner 11 is undocked from the
charging device, for example, in a linear motion
(undocking motion (step 1)).

[0037]

Next, the control unit 20 drives the driving wheels
25, 25 (motors 26, 26) in response to a detection by the
sensor part 28 so that the vacuum cleaner 11 (main casing
15), with the individual cleaning-traveling modes
switched over, 1s made to travel on the floor surface
while avoiding objects (obstacles) and step gaps or the
like to clean and collect dust and dirt on the floor
surface with the cleaning unit 17 (cleaning motion (step
2)).

[0038]

Further, during the cleaning motion, the control
unit 20 estimates the size and complexity of the region
that 1is being cleaned depending on moved distance of the
vacuum cleaner 11 (main casing 15) or a dust-and-dirt
amount as an example, and calculates a cleaning time T1
based on the estimated size and complexity of the region
(step 3). Then, the control unit 20 decides whether or
not a cleaning execution time T2 for which cleaning is
executed has become equal to or more than the cleaning
time Tl calculated in step 3 (step 4). If it is decided
at this step 4 that the cleaning execution time T2 is
less than the cleaning time T1, the process returns to
step 2. Also, if it 1is decided at step 4 that the
cleaning execution time T2 is not less than the cleaning
time T1, the control unit 20 1is switched over to the

return mode and then drives the driving wheels 25, 25
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(motors 26, 26) so that the vacuum cleaner 11 searches
for the charging device while traveling (search motion
(step 5)). In this search motion, the vacuum cleaner 11
detects whether or not a radio signal transmitted from a
signal output means (signal output part) of the charging
device is received by a reception means (reception part).
[0039]

Then, the vacuum cleaner 11 (main casing 15) 1is
made to travel so as to be directed toward the charging
device detected by searching by the search motion.
Thereafter, nearly at a specified distance to the
charging device, with the charging terminals 48, 48
directed to the charging device, the vacuum cleaner 11
approaches the charging device linearly along the radio
signal (calling-on signal) (approach motion (step 6)).
Subsequently, the charging terminals 48, 48 are docked
with the charging terminals ({(docking motion (step 7)).
Then, after the docking of the vacuum cleaner 11 and the
charging device is complete, the control unit 20 stops
the cleaning unit 17 and the traveling part 16 or the
like, ending the cleaning work.

[0040]

The individual cleaning-traveling modes during the
above-described cleaning motion will be described.
[0041]

With reference also to the flowchart shown in Fig.
13, during the first cleaning-traveling mode, the control
unit 20 controls operation of the motors 26, 26 (driving
wheels 25, 25) to make the vacuum cleaner 11 (main casing
15) go straight to a specified distance (step 11). Next,
the control unit 20 decides whether or not an object has

been detected within a specified distance by the object
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sensor 31 (contact with the vacuum c¢leaner 11 (main
casing 15 (bumper 35)) has been detected) (step 12). If
it is decided at this step 12 that an object has been
detected by the object sensor 31 (the main casing 15
(bumper 35) has come into contact {collision) with an
object), then the control unit 20 controls operation of
the motors 26, 26 (driving wheels 25, 25} so that the
vacuum cleaner 11 (main casing 15) is retreated to a
specified small distance (step 13), where the process
moves to later-described step 15. This retreat 1is
intended to prevent the main casing 15 (bumper 35) from
rubbing against the object during later-described swing
motion because the object sensor 31 is a contact sensor,
and therefore the retreat has only to be such that the
main casing 15 (bumper 35) can be made slightly apart
from the object. Meanwhile, if it is decided at step 12
that an object has not been detected by the object sensor
31 (the main casing 15 (bumper 35) has not come into
contact (collision) with an object), the control unit 20
decides whether or not an object has been detected within
a specified distance by the detection sensors 32 (step
14). 1If it is decided at this step 14 that an object has
not been detected by the detection sensors 32, the
process returns to step 1l1. If it is decided at step 14
that an object has been detected by the detection sensors
32, the process moves to step 15.

[0042]

At step 15, the control unit 20 decides whether or
not the first cleaning-traveling mode has been executed
for a specified time. If it is decided at step 15 that
the first cleaning-traveling mode has been executed for

the specified time or more, the control unit 20 ends the

20



CA 02955766 2017-01-19

first cleaning-traveling mode, moving to another
cleaning-traveling mode. If it is decided at step 15 that
the first cleaning-traveling mode has not been executed
for the specified time or more (has been executed for
less than the specified time), the <contreol wunit 20
determines a swing angle and a swing direction for the
vacuum cleaner 11 (main casing 15) (step 16).

[0043]

In this case, if an object has been detected by the
object sensor 31 (if step 12 and step 13 have passed),
the swing angle is determined by adding a random number
of a specified angular range to a least swing angle which
is calculated by adding a specified clearance angle to
90° and moreover, adding or subtracting a left/right
direction simultaneous reaction angular range of the
object sensor 31 thereto. More specifically, in this
embodiment, the clearance angle 1is set to b5° as an
example, the simultaneous reaction angular range 1s set
to 15°, as an example, which is a left-and-right angle of
the front-side region 3la, and the specified angular
range is set to 0° to 30° as an example. Then, when the
right-side region 31b or the left-side region 3lc of the
object sensor 31 has detected an object (e.g., Fig. 2(a)
shows a case where the left-side region 31c has detected
an object), the simultaneous reaction angular range 1is
subtracted so that the swing direction is set to such a
direction as to cause separation from the object, i.e.,
set to the counterclockwise (leftward) direction for
detection of an object by the right-side region 31b and
set to the clockwise direction (rightward) direction for
detection of an object by the left-side region 31lc. Also,

when an object has been detected by the front-side region
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3la of the object sensor 31 (e.g., shown in Fig. 2(b)),
the simultaneous reaction angular range is added and
moreover, the swing direction 1is determined as the
clockwise direction or the counterclockwise direction by
a random number. As a result, the possibility that the
vacuum cleaner 11 (main casing 15), when going straight
with its direction changed at a position near the object,
may detect the same object once again (may come into
contact again (collision again) with the same object,
i.e., hitting twice) 1s securely prevented.
[0044]

Also, when an object has not been detected by the
object sensor 31 (the bumper 35 has not come into contact

with an object) but an object has been detected by the

detection sensors 32 (when step 14 has passed) (Fig.
3(a)), the swing angle and the swing direction are set
(Fig. 3(b)) 1in order that the vacuum cleaner 11 (main
casing 15) is made parallel to the object, i.e., one of

the detection sensors 32 on the side on which an object
was detected is made to face the object, in other words,
the forward direction of the vacuum cleaner 11 (main
casing 15) 1s directed so as to be a direction parallel
to the object, and furthermore, an additional swing angle
is set (Fig. 3(c)). This additional swing angle is set
by, for example, adding a random number within a
specified angular range to the least clearance angle. As
a result, a randomness 1s imparted to the swing angle and
the above-mentioned possibility of twice hitting is
prevented.
[0045]

Preferably, the swing angle 1s so set that a

separation angle from the object becomes an acute angle,
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by which mobility 1s ensured in the first cleaning-
traveling mode and moreover, the control wunit 20 1is
enabled to estimate the size of the region that is being
cleaned based on a maximum straight-traveling distance.
[0046]

Then, the vacuum cleaner 11 (main casing 15) 1is
swung to the swing angle and the swing direction
determined at step 16 (step 17), the process returning to
step 11.

[0047]

Next, with reference also to the flowchart shown in
Fig. 14, in the second cleaning-traveling mode, the
control unit 20 first makes the vacuum cleaner 11 (main
casing 15) travel in the first traveling mode to a
specified distance. That is, the control unit 20 controls
operation of the motors 26, 26 (driving wheels 25, 25) so
that the wvacuum c¢leaner 11 (main casing 15) travels
straight to a specified distance (step 21). Next, the
control unit 20 decides whether or not an object P has
been detected within a specified distance by the object
sensor 31 (contact with the vacuum cleaner 11 (main
casing 15 (bumper 35)) has been detected) (step 22). If
it is decided at this step 22 that an object P has been
detected by the object sensor 31 (the main casing 15
(bumper 35) has come into contact (collision) with the
object P) (e.g., Fig. 1l(a)), the control unit 20 controls
operation of the motors 26, 26 (driving wheels 25, 25) so
that the vacuum cleaner 11 (main casing 15) 1is retreated
to a specified small distance (step 23, Fig. 1(b)), where
the process moves to later-described step 24. This
retreat is similar in purpose to that of the foregoing

step 13. Meanwhile, if it is decided at step 22 that an
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object P has not been detected by the object sensor 31
(the main casing 15 (bumper 35) has not come into contact
(collision) with the object P), the process returns to
step 21.

[0048]

At step 24, the control unit 20 stores a detection
timing of the object P and moreover, decides whether or
not an elapsed time from the preceding detection timing
to this detection timing of the object P is less than a
specified time, e.g. 4000 ms. Then, if it is decided at
step 24 that the specified time is less than a specified
time, the control unit 20 increments an object detection
counter ObC by 1 (step 25), where it 1is decided whether
or not the object detection counter ObC has come to a
specified value (e.g., 5) or more (step 26). Then, if it
is decided that the object detection counter ObC has come
to a specified value or more, the object detection
counter ObC 1is reset to 0, where the mode i1s switched
over to the second traveling mode (step 27). Meanwhile,
if it 1is decided at step 26 that the object detection
counter ObC has not come to the specified value (less
than the specified wvalue), then the process moves to
later-described step 29. That is, at steps 24 to 27, the
control unit 20 exerts such control that it is decided
whether or not detection of an object P within a
specified time by the object sensor 31 has succeeded to a
specified consecutive number of times or more, where if
it is decided that the detection of the object P within a
specified time by the object sensor 31 has succeeded to a
specified consecutive number of times or more, then it is
decided that the wvacuum cleaner 11 (main casing 15) has

entered a narrow spot, followed by changeover to the
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second traveling mode.
[0049]

Meanwhile, 1f it is decided at step 24 that the
elapsed time from the preceding detection timing to this
detection timing of the object P 1is not 1less than a
specified time, eg. 4000 ms (i.e., 1is equal to or more
than 4000 ms), then the object detection counter ObC 1is
reset {(step 28), where the process moves to step 29.
[0050]

At step 29, the control unit 20 decides whether or
not the second cleaning-traveling mode has been executed
for a specified time. If it is decided at step 29 that
the second cleaning-traveling mode has been executed for
a specified time or more, the control unit 20 ends the
second cleaning-traveling mode, moving to another
cleaning-traveling mode. Also, if it is decided at step
29 that the second cleaning-traveling mode has not been
executed for a specified time or more (has been executed
for less than a specified time), then the control unit 20
determines the swing angle and the swing direction for
the vacuum cleaner 11 (main casing 15) by the process of
the following steps 30 to 34.

[0051]
First, the control unit 20 decides in which region

the object P has been detected by the object sensor 31 at

step 22, i.e., at which angle the vacuum cleaner 11 (main
casing 15 (bumper 35)) has come into contact (collision)
with the object P. For example, the control wunit 20

decides whether or not the front-side region 31la has come
into contact with the object P (step 30). If it 1is
decided at step 30 that the front-side region 31la has

come into contact with the object P, the control unit 20
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sets the swing angle to, e.g., 75° (an angular range of
the right-side region 31b and the left-side region 3lc¢)
and moreover, sets the swing direction randomly to the
clockwise direction or the counterclockwise direction
(step 31), where the process moves to subsequent step 35.
Also, if it is decided at step 30 that the front-side
region 31a has not come into contact with the object P,
the control unit 20 decides whether or not the left-side
region 31lc has come into contact with the object P (step
32). Then, if it is decided at step 32 that the left-side
region 31lc has come into contact with the object P (Fig.
1(a)), the contrel unit 20 sets the swing angle to, e.g.,
30° (an angular range of the front-side region 3la) and
moreover, sets the swing direction to the clockwise
(rightward) direction (step 33), where the process moves
to subsequent step 35. Further, if it is decided at step
32 that the left-side region 31lc has not come into
contact with the object P, the control unit 20 decides
that the right-side region 31b has come into contact with
the object P, setting the swing angle to, e.g., 30° (an
angular range of the front-side region 3la) and moreover,
sets the swing direction to the counterclockwise
(leftward) direction (step 34), where the control unit 20
further controls operation of the motors 26, 26 (driving
wheels 25, 25) so that the vacuum cleaner 11 (main casing
15) is swung to the swing angle and the swing direction
decided at these steps 30 to 34 (step 35, Fig. 1(c)).
That is, the control unit 20 sets the swing angle and the
swing direction in such a manner that the vacuum cleaner
11 (main casing 15) is swung (spin turn) to an angle set
in correspondence to the angular range (angular range of

each region 3la, 31b, 31lc) of the direction of the object
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P detected by the object sensor 31 to thereby make a side
portion of the vacuum cleaner 11 (main casing 15) face
the object P.

[0052]

Next, the control unit 20 decides whether or not a
detection sensor 32 located on the object P side has
detected the object P within a specified near distance
of, e.g., 50 mm or less (step 36). If it is decided at
this step 36 that the detection sensor 32 has not
detected the object P within a specified near distance,
it is decided that the object P is less likely to be a
longitudinally continued object such as a wall, where the
process moves to later-described step 41. Also, 1f it is
decided that the detection sensor 32 has detected the
object P within a specified near distance, the process
moves to subsequent step 37.

[0053]

That i1s, at the time point of swinging at step 35,
the vacuum cleaner 11 (main casing 15) has not come to a
state of having its side portion fully facing the object
P (a state of being parallel to the object P). Therefore,
in this state, the control unit 20 controls operation of
the motors 26, 26 (driving wheels 25, 25) so that the
vacuum cleaner 11 (main casing 15) 1is further swung (step
37, Fig. 1(d)), where it 1is decided whether or not the
object P has been detected within a specified distance by
the detection sensors 32 while the vacuum cleaner 11
(main casing 15) swings to an angle between a preset
minimum swing angle and maximum swing angle, 1i.e.,
whether or not the front side of the vacuum cleaner 11
(main casing 15) has become generally parallel to the

object P (step 38). Here, the minimum swing angle refers
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to an angle for nullifying the detection of the object P
(detection of the distance to the object P) by the
detection sensors 32 while the vacuum cleaner 11 (main
casing 15) is swinging from the state of step 35 to the
minimum swing angle, and the maximum swing angle refers
to an angle serving as an upper limit for preventing the
vacuum cleaner 11 (main casing 15) from swinging any
more. In this embodiment, the minimum swing angle is set
to, e.g., 0° and the maximum swing angle is set to, e.g.,
30°.

[0054]

Then, if it is decided at step 38 that the object P
has been detected within a specified distance Dby the
detection sensors 32 during the swing of an angle between
the minimum swing angle and the maximum swing angle, the
control unit 20 decides that a side portion of the vacuum
cleaner 11 {(main casing 15) has become along (succeeded
in being parallelized to) an object Pl such as a
longitudinally continued wall or the like as shown in
Fig. 1l(e); 1in other words, that the object Pl 1is a
continued wall-like shaped object, so that the vacuum
cleaner 11 (main casing 15) 1s traveled to a specified
distance along the object Pl (along-the-wall traveling,
step 39). In this traveling of step 39, the control unit
20 controls operation of the motors 26, 26 (driving
wheels 25, 25) so that the vacuum cleaner 11 (main casing
15) travels to a specified distance, e.g. 350 mm, while
the distance to the object Pl is kept at a specified
value, e.g. 10 mm, by the detection sensors 32 (Fig.
1(f)).

[0055]

Thereafter, the control wunit 20 determines the
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swing angle and the swing direction for the vacuum
cleaner 11 {(main casing 15) depending on a result of
detecting a vicinal object by the object sensor 31 and
the detection sensors 32 as well as a random number.
Then, the control unit 20 controls operation of the
motors 26, 26 (driving wheels 25, 25) so that the vacuum
cleaner 11 (main casing 15) is swung in such a direction
as to be separated from the object Pl (step 40),
returning to step 21.

[0056]

Meanwhile, 1f it 1s decided at step 38 that the
object P has not been detected within a specified
distance by the detection sensors 32 during a swing of an
angle between the minimum swing angle and the maximum
swing angle, the control unit 20 decides that the vacuum
cleaner 11 (main casing 15) is trying to make its side
portion face an object P2 that can be turned around
(bypassed) such as a non-continued leg of furniture and
the like as shown in Fig. 1(g), i.e., decides that the
object P2 is not a wall-like shaped object, where the
control unit 20 makes the vacuum cleaner 11 {main casing
15) travel straight to a specified distance along the
object P2 and moreover swingingly travel so as to turn
around the object P2 (narrow-spot entry traveling, step
41) . In the swinging travel of this step 41, the swing
radius 1is set to a sum of the radius of the main casing
15 plus a specified value (e.g., 10 mm) and the swing
angle 1is set to 90°, and moreover the control unit 20
controls operation of the motors 26, 26 (driving wheels
25, 25) so that the wvacuum cleaner 11 (main casing 15)
swingingly travels in a swing direction opposite to the

swing direction of step 35 (Fig. 1(h)). In addition, when
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the object sensor 31 has detected contact with an object
in the above swinging travel, the control unit 20 stops
the swinging at the time point of detection and controls
operation of the motors 26, 26 (driving wheels 25, 25) so
that the vacuum cleaner 11 (main casing 15) is retreated
to a specified small distance. This retreat is similar in
purpose to that of the foregoing step 13.

[0057]

Next, the control wunit 20 cumulatively sums up
results of swinging-travel angles of step 41 (step 42)
and decides whether or not the cumulated angle has come
to a specified angle, e.g., 90° or more (step 43). Then,
if it is decided at this step 43 that the cumulated angle
is not a specified angle (90°) or more (is less than the
specified angle), the process returns to step 30. Also,
if it is decided at step 43 that the cumulated angle is a
specified angle (90°) or more, then the cumulated angle
is initialized to 0° (step 44), where the process returns
to step 21. That 1is, 1in this embodiment, it 1s decided
that when a 90° or more swinging travel can be achieved,
the vacuum cleaner 11 (main casing 15) has been able to
go on a round-about way so as to turn around the object
P2.

[0058]

Also, the second traveling mode is used for escape
from occurrences that the vacuum cleaner 11 (main casing
15) has entered such spots as a spot between a plurality
of objects P spaced from one another such as legs of
furniture or the like as shown in Fig. 1l(a) for example,
narrow-width dead ends surrounded in three directions by
an object P such as a wall or the like as shown in Fig.

11(b}, or narrow regions surrounded by an object P such
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as a wall or the like as shown in Fig. 11(c). This second
traveling mode can Dbe envisaged 1in two cases: the so-
called along-the-right-hand case in which the right side
of the wvacuum cleaner 11 (main casing 15) faces the
object P and the along-the-left~hand case in which the
motion is reversed in left and right. Although using at
least either one of those cases or switching between
these cases depending on specified conditions is
permissible, the along-the-~right-hand case is taken as an
example below for a clearer explanation. With reference
also to the flowchart shown in Fig. 15, in the second
traveling mode, the control unit 20 first decides whether
or not the second traveling mode has been executed for a
specified time, e.g. 20 sec. (step 51). If it is decided
at this step 51 that the second traveling mode has been
executed for a specified time or more, the control unit
20 ends the second traveling mode, moving to the first
traveling mode or another cleaning-~traveling mode. Also,
if it is decided at step 51 that the second traveling
mode has not been executed for a specified time or more
(has been executed for less than the specified time),
then the control unit 20 makes the vacuum cleaner 11
{(main casing 15) swingingly travel so as to go on a
round-about way around the object P (step 52). For the
swinging travel in this step 52, the swing radius is set
to a sum of the radius of the main casing 15 plus a
specified value (e.g., 10 mm) and the swing angle is set
to 360°, and moreover the «control unit 20 controls
operation of the motors 26, 26 (driving wheels 25, 25) so
as to make the swinging travel executed to a swing
direction of the clockwise (rightward) direction (Fig.

4(a)). Then, the control unit 20 decides whether or not
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the object P has been detected by the object sensor 31,

i.e., whether or not the vacuum cleaner 11 (main casing
15 (bumper 35)) has come into contact (collision) with
the object P (step 53). If it is decided at step 53 that

the object P has been detected by the object sensor 31
(Fig. 4(b)), the control unit 20 stops the swinging at
the time point of detection and controls operation of the
motors 26, 26 (driving wheels 25, 25) so that the vacuum
cleaner 11 (main casing 15) is retreated to a specified
small distance (step 54), where the process moves toc step
55. This retreat 1is similar in purpose to that of the
foregoing step 13.

[0059]

The control wunit 20 decides whether or not the
cumulative result of swinging travel angles in step 52
has come to a specified angle, e.g. 100°, or more (step
55}). Then, if it 1is decided at this step 55 that the
cumulative result of angles 1is not a specified angle
{100°) or more (is less than the specified angle), then
the control wunit 20 determines the swing angle of the
vacuum cleaner 11 (main casing 15) depending on the
processing of following steps 56 to 60.

[0060]

First, the control unit 20 decides in which region
the object sensor 31 has detected the object P, i.e. at
which angle the vacuum cleaner 11 (main casing 15 (bumper
35)) has come into contact (collision) with the object,
at the time point of stoppage of the swinging travel of
step 52. For example, the control unit 20 decides whether
or not the front-side region 3la has come into contact
with the object P (step 56). If it is decided at this

step 56 that the front-side region 3la has come into
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contact with the object P, the control unit 20 sets the
swing angle to, e.g., 75° (an angular range of the right-
side region 31b and the left-side region 31lc) (step 57),
moving to subsequent step 61. Also, if it is decided at
this step 56 that the front-side region 3la has not come
into contact with the object P, the control unit 20
decides whether or not the left-~side region 31c has come
into contact with the object P (step 58). If it is
decided at step 58 that the left-side region 31lc has come
into contact with the object P, the control unit 20 sets
the swing angle to, e.g., 105° (an angular range of the
front-side region 3la) (step 59), moving to subsequent
step 61. Further, if it is decided at step 58 that the
left-side region 31c has not come into contact with the
object P, the control unit 20 decides that the right-side
region 31lb has come into contact with the object P, and
sets the swing angle to, e.g., 20° (an angular range of
the front-side region 3la) (step 60) and controls
operation of the motors 26, 26 (driving wheels 25, 25) so
that the vacuum cleaner 11 (main casing 15) swings in the
clockwise (leftward) direction at the swing angle
determined in these steps 56 to 60 (step 61). That is,
with respect to the object P detected by the object
sensor 31, the control unit 20 controls operation of the
motors 26, 26 (driving wheels 25, 25) so that the vacuum
cleaner 11 (main casing 15) 1is swung to an angle
corresponding to the direction of the object P, i.e.,
sets a swing angle in correspondence to each positional
relationship between the vacuum cleaner 11 (main casing
15) and the object P, thereby causing a side portion of
the vacuum cleaner 11 (main casing 15) to face the object

P. Therefore, by this second traveling mode, the wvacuum
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cleaner 11 (main casing 15) is controlled by the control
unit 20 so as to travel in a curved shape (circular-arc
shape) along the object P detected by the object sensor
31 (Fig. 4{(c)).

[0061]

Meanwhile, 1if 1t is decided at step 55 that the
cumulative result of the angles is a specified angle
(100°) or more and if it is decided at step 53 that the
object P has not been detected by the object sensor 31,
it follows that a swing of 360°, which is a swing angle
set by the swinging travel of step 52, has been executed,
and therefore the control unit 20 controls operation of
the motors 26, 26 (driving wheels 25, 25) so that the
vacuum cleaner 11 (main casing 15) 1is swung to a
specified angle, e.g., 30° (spin turn) (step 62, FTFig.
5(a)) and furthermore the vacuum cleaner 11 (main casing
15) 1is traveled straight to a specified distance (step
63, Fig. 5(b)). Then, the control unit 20 decides whether
or not the object P has been detected by the object
sensor 31 (step 64). If it 1is decided at this step 64
that the object has not been detected by the object
sensor 31, then the process returns to step 63. Also, if
it 1s decided at this step 64 that the object P has been
detected by the object sensor 31, then the control unit
20 controls operation of the motors 26, 26 (driving
wheels 25, 25) so that the vacuum cleaner 11 (main casing
15) 1is retreated to a specified small distance (step 65).
This retreat 1s similar 1in purpose to that of the
foregoing step 13, Then, the control wunit 20 decides
whether or not the vacuum cleaner 11 (main casing 15) has
traveled straight to a specified distance, e.g. 500 mm,

or more (step 66). If it is decided at step 66 that the
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vacuum cleaner 11 (main casing 15) has traveled straight
to a specified distance or more, it is decided that the
vacuum cleaner 11 (main casing 15) has succeeded in
escaping from a narrow spot, where the second traveling
mode is ended and the process 1is moved to the first
traveling mode or another <cleaning-traveling mode.
Further, 1if it 1is decided at step 66 that the wvacuum
cleaner 11 (main casing 15) has not traveled straight to
a specified distance or more (has traveled straight to
less than the specified distance), the process returns to
step 51. In addition, in the along-the-left-hand case of
the second traveling mode, the swing direction of step
52, step 61 and step 62 1is the counterclockwise
{leftward) direction and the decision at step 58 is made
as to the right-side region 31b, the rest being the same.

(0062]

Further, in the third cleaning-traveling mode, the
control unit 20 controls operation of the motors 26, 26
(driving wheels 25, 25) so that the wvacuum cleaner 11
(main casing 15) 1is traveled straight along an object
located at an outer edge of the cleaning region such as a
wall. In this case, the control unit 20 exerts such
control that a distance to the object located sideward of
the wvacuum cleaner 11 (main casing 15) 1s kept at a
specified distance, e.g. 10 mm, by the detection sensors
32. Then, 1if the object has been detected within a
specified distance by the object sensor 31 (contact with
the vacuum cleaner 11 (main casing 15 (bumper 35)) has
been detected), then the control unit 20 controls
operation of the motors 26, 26 (driving wheels 25, 25) so
that the wvacuum cleaner 11 (main casing 15) 1is swung

(spin turn) and further traveled straight with its front
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side generally parallel to the object. Furthermore, 1if
the third cleaning-traveling mode 1s executed for a
specified time, the mode 1s switched over to another
cleaning-traveling mode.

[0063]

Use of the first cleaning-traveling mode to third
cleaning-traveling mode makes it possible to clean the
whole floor surface in the region generally without gaps.
[0064]

In this embodiment, the second traveling mode of
the second cleaning-traveling mode to be used for escape
from entries into narrow spots is used only in the second
cleaning-traveling mode. However, also 1in the first
cleaning-traveling mode and the third cleaning-traveling
mode, incorporating the same decision and control as the
decision conditions for movement from the first traveling
mode to the second traveling mode in the second cleaning-
traveling mode and executing the same traveling mode as
in the second traveling mode of the second cleaning-
traveling mode allows the vacuum cleaner 11 (main casing
15) to escape from narrow spots in a short amount of
time, so that loss of the cleaning time due to residing
at narrow spots can be reduced.

(0065] (Charging Work)

After docking of the vacuum cleaner 11 with the
charging device, for example, when a specified timing,
e.g. a previously set charging start time, has come or
when a specified time has elapsed since docking of the
vacuum cleaner 11 with the charging device, the control
unit 20 moves to the charging mode, starting the charging
from the charging device of the secondary battery 21.

Then, if it is decided that the voltage of the secondary
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battery 21 has increased to a specified operable voltage,
then the charging work 1is ended, where the control unit
20 moves to the standby mode.

[0066]

According to the one embodiment described
hereinabove, in the first traveling mode or the second
traveling mode, when an object is detected by the object
sensor 31, the control unit 20 controls operation of the
motors 26, 26 (driving wheels 25, 25) so that the vacuum
cleaner 11 (main «casing 15) 1s swung to an angle
corresponding to the direction of the detected object,
more specifically, to an angle set in correspondence to
an angular range (angular range of each region 3la, 31lb,
31c) in a plurality of directions on the forward side of
the vacuum cleaner 11 {(main casing 15) detected by the
object sensor 31 to thereby cause a side portion of the
vacuum cleaner 11 (main casing 15) to face the object.
Thus, narrow spots can be cleaned with higher efficiency
while objects are avoided effectively.

[0067]

Specifically, when an object P2 is detected by the
object sensor 31 in the first traveling mode, the control
unit 20 controls operation of the motors 26, 26 (driving
wheels 25, 25) so that the vacuum cleaner 11 (main casing
15) 1is swung to an angle corresponding to the direction
of the detected object P2 to thereby cause a side portion
of the wvacuum cleaner 11 (main casing 15) to face the
object P2. In this state, 1f the object P2 1is not
detected by the detection sensors 32 (Fig. 1(g)), then it
is decided that the object P2 is an object that can be
followed around on a round-about way (bypassed) such as a

non-continued 1leg of furniture or the 1like, and the
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control unit 20 controls operaticn of the motors 26, 26
(driving wheels 25, 25) so that the vacuum cleaner 11
(main casing 15) is traveled straight to a specified
distance and thereafter traveled so as to be swingingly
traveled toward the object P2 detected by the object
sensor 31 (Fig. 1(h)). Thus, by aggressively utilizing
the detection by the object sensor 31 and the detection
sensors 32, the vacuum cleaner 11 (main casing 15) can be
made to effectively (with high probability) enter narrow
spots where the object P2 is placed, making it possible
to effectively clean floor surfaces of the narrow spots.
[0068]

Also, when an object Pl is detected by the object
sensor 31 in the first traveling mode, the control unit
20 controls operation of the motors 26, 26 (driving
wheels 25, 25) so that the vacuum cleaner 11 (main casing
15) is swung to an angle corresponding to the direction
of the detected object Pl to thereby cause a side portion
of the vacuum cleaner 11 (main casing 15) to face the
object Pl. In this state, if the object Pl is detected by
the detection sensors 32 (Fig. 1(e)), then it is decided
that the object Pl is a continued object such as a wall
or the like, and the control unit 20 controls operation
of the motors 26, 26 (driving wheels 25, 25) so that the
vacuum cleaner 11 (main casing 15) 1is traveled straight
along the object P1. Thus, flocor surfaces near the object
Pl such as a wall or the like can be cleaned effectively.
[0069]

Further, in the first traveling mode in which the
vacuum cleaner 11 (main casing 15) 1is made to travel
straight and in which, when an object is detected by the

object sensor 31, the control unit 20 controls operation
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of the motors 26, 26 (driving wheels 25, 25) so that a
side portion of the vacuum cleaner 11 (main casing 15)
faces the object, 1if detection of an object within a
specified time by the object sensor 31 has occurred
consecutively for a specified number of times or more, it
is decided that the vacuum cleaner 11 (main casing 15)
has entered a narrow spot that is hard to escape from,
where the mode is switched over to the second traveling
mode in which the control unit 20 controls operation of
the motors 26, 26 (driving wheels 25, 25) so that the
vacuum cleaner 11 (main casing 15) travels in a curved
shape along the object detected by the object sensor 31.
Thus, by aggressively wutilizing the detection by the
object sensor 31, the escapability from narrow spots can
be further improved.
[0070]

Then, when it is decided that the vacuum cleaner 11
(main casing 15) has been swung to a specified angle
(100°) or more in the second traveling mode, the control
unit 20 controls operation of the motors 26, 26 (driving
wheels 25, 25) so that the vacuum cleaner 11 (main casing
15) 1s swung 1in the reverse direction and thereafter
traveled straight. Thus, the vacuum c¢leaner 11 (main
casing 15) can be prevented from re-entering a narrow
spot from which the vacuum cleaner 11 (main casing 15),
as 1t can be assumed, has escaped by swinging in the
second traveling mode.
[0071]

Therefore, during a sequence of motions for turning
the directions relative to objects in the cleaning
motion, the wvacuum cleaner 11 decides shapes of objects

with high probability based on detections by the object
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sensor 31 and the detection sensors 32, and performs
travel control corresponding to those shapes of the
objects. Thus, by aggressively utilizing the detection by
these object sensor 31 and detection sensors 32,
respectively, the vacuum c¢leaner 11 1is enabled to
smoothly bypass or go on a round-about way around objects
and enter or escape from narrow spots without involving
useless motions or complicated control, so that narrow
spots can be cleaned (in a short time) effectively with
high probability.

[0072]

Since the object sensor 31 is provided as a contact
sensor for detecting an object by contact with the
object, an object and the distance between the object and
the wvacuum cleaner 11 (main casing 15 (bumper 35)) can
each be detected with higher precision. Moreover, when an
object is detected by the object sensor 31, the vacuum
cleaner 11 (main casing 15 (bumper 35)) is once retreated
so that the object sensor 31 (bumper 35) 1s separated
from the object, by which, when the vacuum cleaner 11
(main casing 15) 1s swung to an angle corresponding to
the direction of the detected object to thereby cause a
side portion of the vacuum cleaner 11 {main casing 15) to
face the object, the object sensor 31 (bumper 35) can be
prevented from rubbing against the object. Thus, the
object and the wvacuum cleaner 11 (main casing 15 (bumper
35)) can be prevented from being damaged more securely.
[0073]

In the above-described one embodiment, it is also
allowable that a non-contact type distance measuring
sensor such as ultrasonic sensor or infrared sensor, for

example, 1s used as the object sensor 31, where objects
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located within a specified distance are detected without
contact therewith.
[0074]

The detection sensors 32 are placed in left-and-
right symmetry. However, in a case where only either the
along-the-right-hand mode or the along-the-left-hand mode
is applied in the second traveling mode or the third
cleaning-traveling mode, providing a detection sensor 32
only in the relevant direction allows the same functional
effects as in the above embodiment to be produced.

[0075]

Further, the cleaning motion may be started not only
at the charging device but at any arbitrary position in
the cleaning region as well.

[0076]

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the
inventions. Indeed, the novel embodiments described
herein may be embodied in a variety of other forms;
furthermore, various omissions, substitutions, and
changes in the form of the embodiments described herein
may be made.

[0077]

A travel control method for a vacuum cleaner for
autonomously traveling a main <casing of the wvacuum
cleaner based on detection of the presence or absence of
an object within a specified distance in a plurality of

directions on a forward side of the main casing by an
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object sensor, wherein when an obJject 1is detected within
a specified distance in the plurality of directions on
the forward side of the main casing, the main casing is
swung to an angle corresponding to a direction of the
detected object to thereby make a side portion of the
main casing face the object.

[0078]

The travel control method for a vacuum cleaner as
described above, wherein when an object 1is detected
within a specified distance of an angular range in the
plurality of directions on the forward side of the main
casing by the object sensor, the main casing is swung to
an angle set in correspondence to an angular range of the
direction of the detected object to thereby make a side
portion of the main casing face the object.

[0079]

The travel control method for a vacuum cleaner as
described above, wherein when an object has come into
contact with an object sensor in any one of the plurality
of directions on the forward side of the main casing, the
main casing i1s once retreated so as to be separated from
the object and thereafter swung to an angle corresponding
to a direction of the object to thereby make a side
portion of the main casing face the object.

[0080]

The travel control method for a vacuum cleaner as
described above, wherein when an object 1s detected
within a specified distance in the ©plurality of
directions on the forward side of the main casing by the
object sensor, operation of the driving wheels 1is
controlled so that the main casing is swung to an angle

corresponding to a direction of the detected object to
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thereby make a side portion of the main casing face the
object, 1in which state, when no object 1is detected
forward of the side portion o¢f the main casing by the
detection sensor, the main casing is traveled straight to
a specified distance and thereafter swingingly traveled
toward the object.

[0081]

The travel control method for a vacuum cleaner as
described above, wherein when an object 1is detected
within a specified distance in the plurality of
directions on the forward side of the main casing by the
object sensor, operation of the driving wheels 1is
controlled so that the main casing is swung to an angle
corresponding to a direction of the detected object to
thereby make a side portion of the main casing face the
object, 1in which state, when an object 1is detected
forward of the side portion of the main casing by the
detection sensor, the main casing 1s traveled straight
along the object.

[0082]

The travel control method for a vacuum cleaner as
described above, wherein the control method has a first
traveling mode in which the main casing 1is traveled
straight and moreover, when an object is detected within
a specified distance in the plurality of directions on
the forward side of the main casing by the object sensor,
a side portion of the main casing is made to face the
object, and a ‘second traveling mode in which the main
casing travels in a curved shape along the object
detected within the specified distance in the plurality
of directions on the forward side of the main casing by

the object sensor, and wherein when detection of an
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object within the specified distance in the plurality of
directions on the forward side of the main casing by the
object sensor has occurred consecutively for a specified
number of times or more within a specified time in the
first traveling mode, the mode 1is switched over to the
second traveling mode.

[0083]

The travel control method for a vacuum cleaner as
described above, wherein when the main casing is swung to
a specified angle cor more in the second traveling mode,
the main casing 1s swung in a reverse direction and

thereafter traveled straight.
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CLAIMS:
1. A vacuum cleaner comprising:

a main casing;

a driving wheel for enabling the main casing
to travel on a cleaning-object surface;

a cleaning unit for cleaning the cleaning-
object surface;

an object detection means provided in the main
casing and serving for detecting presence or absence of
an object within a specified distance of an angular range
in a plurality of directions on a forward side of the
main casing;

a detection means provided in the main casing
and serving for detecting presence or absence of an
object within a specified distance forward of a side
portion of the main casing; and

a control means for controlling operation of
the driving wheels based on detection of an object by the
object detection means and the detection means to thereby
make the main casing autonomously travel, wherein

when an object 1s detected by the object
detection means, the control means controls the operation
of the driving wheels so that the main casing is swung to
an angle set in correspondence to an angular range of a
direction of the detected object, in which state, when
the object 1is detected by the detection means, the
control means controls the operation of the driving
wheels so that the main casing is further swung, thereby

making a side portion of the main casing face the object.

2. The wvacuum cleaner according to claim 1,

wherein
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the object detection means is a contact sensor
for detecting an object by contact with the object, and

when an object is detected by the object
detection means, the control means controls the operation
of the driving wheels so that the main casing 1s once
retreated so as to make the object detection means
separated from the object and thereafter the main casing
i1s swung to an angle set in correspondence to a direction

of the detected object.

3. The wvacuum cleaner according to claim 1 or 2,
wherein

the control means controls the operation of
the driving wheels so as to make a side portion of the
main casing face an object, in which state, when the
object 1is not detected by the detection means, the
control means controls the operation of the driving
wheels so that the main casing is traveled straight to a
specified distance and thereafter swingingly traveled

toward the object detected by the object detection means.

4. The vacuum cleaner according to any one of
claims 1 to 3, wherein

the control means controls the operation of
the driving wheels so as to make a side portion of the
main casing face an object, in which state, when the
object is detected by the detection means, the control
means controls the operation of the driving wheels so
that the main casing 1is traveled straight along the

object.

5. The vacuum cleaner according to any one of
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claims 1 to 4, wherein

the control means has a first traveling mode
in which the control means controls the operation of the
driving wheels so that the main casing 1s traveled
straight and moreover, when an object is detected by the
object detection means, a side portion of the main casing
faces the object, and a second traveling mode in which
the control means controls the operation of the driving
wheels so that the main casing travels in a curved shape
along the object detected by the object detection means,
and wherein when detection of an object by the object
detection means within a specified time has occurred
consecutively for a specified number of times or more in
the first traveling mode, the mode is switched over to

the second traveling mode.

6. The wvacuum cleaner according to claim 85,
wherein

the control means, when having decided that
the main casing has swung to a specified angle or more in
the second traveling mode, controls the operation of the
driving wheels so that the main casing is swung in a

reverse direction and thereafter traveled straight.
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