
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

36
3 

34
2

A
1

TEPZZ¥¥6¥¥4 A_T
(11) EP 3 363 342 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
22.08.2018 Bulletin 2018/34

(21) Application number: 16855424.4

(22) Date of filing: 12.10.2016

(51) Int Cl.:
A47L 9/28 (2006.01) G01C 3/06 (2006.01)

G05D 1/02 (2006.01)

(86) International application number: 
PCT/JP2016/080249

(87) International publication number: 
WO 2017/065171 (20.04.2017 Gazette 2017/16)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 14.10.2015 JP 2015202910

(71) Applicant: Toshiba Lifestyle Products & Services 
Corporation
Kawasaki-shi, Kanagawa 210-8543 (JP)

(72) Inventors:  
• IZAWA, Hirokazu

Kawasaki-shi
Kanagawa 210-8543 (JP)

• MARUTANI, Yuuki
Kawasaki-shi
Kanagawa 210-8543 (JP)

• WATANABE, Kota
Kawasaki-shi
Kanagawa 210-8543 (JP)

• FURUTA, Kazuhiro
Kawasaki-shi
Kanagawa 210-8543 (JP)

(74) Representative: Haseltine Lake LLP
Redcliff Quay 
120 Redcliff Street
Bristol BS1 6HU (GB)

(54) ELECTRIC VACUUM CLEANER

(57) Provided is a vacuum cleaner having improved
obstacle detection precision. The vacuum cleaner (11)
includes a main casing, driving wheels, control means
(27), cameras (51a), (51b), an image generation part
(63), and a discrimination part (64). The driving wheels
enable the main casing to travel. The control means (27)
controls drive of the driving wheels to make the main
casing autonomously travel. The cameras (51a), (51b)
are disposed apart from each other in the main casing
to pick up images on a traveling-direction side of the main
casing. The image generation part (63) generates a dis-
tance image of an object positioned on the traveling-di-
rection side based on the images picked up by the cam-
eras (51a), (51b). The discrimination part (64) discrimi-
nates whether or not the picked-up object is an obstacle
based on the distance image generated by the image
generation part (63).
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Description

TECHNICAL FIELD

[0001] Embodiments described herein relate generally
to a vacuum cleaner including a plurality of image pickup
means for picking up images on a traveling-direction side
of a main casing.

BACKGROUND ART

[0002] Conventionally, there has been known a so-
called autonomous-traveling type vacuum cleaner
(cleaning robot) which cleans a floor surface as a clean-
ing-object surface while autonomously traveling on the
floor surface.
[0003] Such a vacuum cleaner is required to avoid ob-
stacles during its traveling. For this reason, the vacuum
cleaner uses sensors, such as ultrasonic sensors and
infrared sensors, for detection of obstacles that obstruct
traveling. However, for example, with the use of an ultra-
sonic sensor, presence of a soft curtain, thin cords, or
the like in a traveling direction hinders ultrasonic waves
from being properly reflected, making it difficult to detect
these objects as obstacles. Also, with the use of an in-
frared sensor as an example, when a black object, a thin
cord, or the like is present as a detection object, it is
impossible for the vacuum cleaner to properly receive
infrared rays reflected therefrom, hence making it difficult
to detect obstacles.
[0004] That is, with such an autonomous-traveling type
vacuum cleaner, while improving obstacle detection pre-
cision makes it possible to improve cleaning performance
with stable traveling, failure to detect an obstacle would
lead to collision with or stranding on the obstacle or the
like, causing a travel stop or the like with cleaning stag-
nated as a result.
[0005] Therefore, for autonomous-traveling type vac-
uum cleaners, detection of obstacles is important in order
to fulfill a smoother cleaning, and improvement of obsta-
cle detection precision is desired.

CITATION LIST

Patent Literature

[0006]

PTL 1: Japanese Laid-open Patent Publication
No.2007-163223
PTL 2: Japanese Laid-open Patent Publication
No.2013-235351

Summary of Invention

Technical Problem

[0007] An object of the invention is to provide a vacuum

cleaner having improved obstacle detection precision.

Solution to Problem

[0008] The vacuum cleaner in one aspect of an em-
bodiment has a main casing, driving wheels, control
means, image pickup means, distance image generation
means, and discrimination means. The driving wheels
enable the main casing to travel. The control means con-
trols drive of the driving wheels to make the main casing
autonomously travel. The image pickup means are dis-
posed in the main casing so as to be apart from each
other for picking up images on a traveling-direction side
of the main casing. The distance image generation
means generates a distance image of an object posi-
tioned on this traveling-direction side based on the im-
ages picked up by the image pickup means. The discrim-
ination means discriminates whether or not the picked-
up object is an obstacle based on the distance image
generated by the distance image generation means.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

[Fig. 1] Fig. 1 is a block diagram showing an internal
structure of a vacuum cleaner according to a first
embodiment;
[Fig. 2] Fig. 2 is a perspective view showing the
above vacuum cleaner;
[Fig. 3] Fig. 3 is a plan view showing the above vac-
uum cleaner as viewed from below;
[Fig. 4] Fig. 4 is an explanatory view schematically
showing a vacuum cleaner system including the
above vacuum cleaner;
[Fig. 5] Fig. 5 is an explanatory view schematically
showing a method for calculating a distance to an
object by the above vacuum cleaner;
[Fig. 6] Fig. 6(a) is an explanatory view showing an
example of an image picked up by one image pickup
means, (b) is an explanatory view showing an ex-
ample of an image picked up by the other image
pickup means, (c) is an explanatory view showing
an example of a distance image generated based
on (a) and (b) in the case of a relatively-small set
distance; and (d) is an explanatory view showing an
example of a distance image generated based on
(a) and (b) in the case of a relatively-large set dis-
tance;
[Fig. 7] Fig. 7(a) is an explanatory view showing an
example of a histogram to be used for obstacle dis-
crimination by the discrimination means of the above
vacuum cleaner, and (b) is an explanatory view
showing an example of a histogram when the vacu-
um cleaner travels forward from the state of (a);
[Fig. 8] Fig. 8 is an explanatory view schematically
showing a map generation method by map genera-
tion means of the above vacuum cleaner;
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[Fig. 9] Fig. 9 is a flowchart showing travel control of
the above vacuum cleaner during its map genera-
tion;
[Fig. 10] Fig. 10 is a flowchart showing travel control
of the above vacuum cleaner;
[Fig. 11] Fig. 11 is a flowchart showing travel control
of a vacuum cleaner according to a second embod-
iment;
[Fig. 12] Fig. 12 is an explanatory view schematically
showing a method for calculating a distance to an
object by a vacuum cleaner according to a third em-
bodiment; and
[Fig. 13] Fig. 13 is an explanatory view schematically
showing a method for calculating a distance to an
object by a vacuum cleaner according to a fourth
embodiment.

DESCRIPTION OF EMBODIMENTS

[0010] Hereinbelow, a first embodiment will be de-
scribed in terms of its constitution with reference to the
accompanying drawings.
[0011] In Fig. 1 to Fig. 4, reference sign 11 denotes a
vacuum cleaner. This vacuum cleaner 11 constitutes a
vacuum cleaner device (vacuum cleaner system) in com-
bination with a charging device (charging stand) 12 (Fig.
4) as a station device serving as a base station for charg-
ing of the vacuum cleaner 11. Then, the vacuum cleaner
11, in this embodiment, is a so-called self-propelled robot
cleaner (cleaning robot) which cleans a floor surface that
is a cleaning-object surface as a traveling surface while
autonomously traveling (self-propelled to travel) on the
floor surface, the vacuum cleaner being enabled to per-
form wired or wireless communication with a general-
purpose server 16 as data storage means (a data storage
part) or a general-purpose external device 17 as display
means (a display part) via an (external) network 15 such
as the Internet, for example, by performing communica-
tion (signal transmission and reception) with a home
gateway (router) 14 as relay means (a relay part) dis-
posed in a cleaning area or the like by using wired com-
munication or wireless communication such as Wi-Fi
(registered trademark) or Bluetooth (registered trade-
mark).
[0012] Also, the vacuum cleaner 11 includes a hollow
main casing 20, a traveling part 21 for making the main
casing 20 travel on a floor surface, a cleaning unit 22 for
cleaning dust and dirt on the floor surface or the like, a
communication part 23 for performing communication
with an external device including the charging device 12,
an image pickup part 25 for picking up images, a sensor
part 26, control means (a control unit) 27 which is a con-
troller for controlling the traveling part 21, the cleaning
unit 22, the communication part 23, the image pickup
part 25 and the like, and a secondary battery 28 for sup-
plying electric power to the traveling part 21, the cleaning
unit 22, the communication part 23, the image pickup
part 25, the sensor part 26, the control means 27 and the

like. In addition, the following description will be given on
the assumption that a direction extending along the
traveling direction of the vacuum cleaner 11 (main casing
20) is assumed as a back-and-forth direction (directions
of arrows FR and RR shown in Fig. 2) while a left-and-
right direction (directions toward both sides) intersecting
(orthogonally crossing) the back-and-forth direction is as-
sumed as a widthwise direction.
[0013] The main casing 20 is formed into a flat colum-
nar shape (disc shape) or the like from a synthetic resin
as an example. That is, the main casing 20 includes a
side surface portion 20a, and an upper surface portion
20b (Fig. 2) and a lower surface portion 20c (Fig. 3) con-
tinuing from an upper portion and a lower portion of the
side surface portion 20a, respectively. The side surface
portion 20a of the main casing 20 is formed into a gen-
erally cylindrical-surface shape. The image pickup part
25 and the like as an example are disposed in the side
surface portion 20a. Also, the upper surface portion 20b
and the lower surface portion 20c of the main casing 20
are each formed into a generally circular shape, where
a suction port 31 serving as a dust-collecting port, an
exhaust port 32 and the like are opened in the lower sur-
face portion 20c facing the floor surface, as shown in Fig.
3.
[0014] The traveling part 21 includes driving wheels
34, 34 as a plurality (pair) of driving parts, motors 35, 35
(Fig. 1) being driving means as operating parts for driving
the driving wheels 34, 34, a swing wheel 36 for swinging
use, and the like.
[0015] Each of the driving wheels 34 makes the vacu-
um cleaner 11 (main casing 20) travel (autonomously
travel) in a forward direction and a backward direction on
the floor surface, that is, serves for traveling use. The
driving wheels 34, 34 having an unshown rotational axis
extending along a left-and-right widthwise direction, are
disposed widthwise symmetrical to each other.
[0016] Each of the motors 35 (Fig. 1) is disposed, for
example, in correspondence with each of the driving
wheels 34, and is enabled to drive each of the driving
wheels 34 independently of each other.
[0017] The swing wheel 36, which is positioned at a
generally central and front portion of the lower surface
portion 20c of the main casing 20 in the widthwise direc-
tion, is a driven wheel swingable along the floor surface.
[0018] The cleaning unit 22 includes an electric blower
41 which is positioned, for example, within the main cas-
ing 20 to suck dust and dirt along with air through the
suction port 31 and discharge exhaust air through the
exhaust port 32, a rotary brush 42 as a rotary cleaner
which is rotatably attached to the suction port 31 to scrape
up dust and dirt, as well as a brush motor 43 (Fig. 1) for
rotationally driving the rotary brush 42, side brushes 44
which are auxiliary cleaning means (auxiliary cleaning
parts) as swinging-cleaning parts rotatably attached on
both sides of the main casing 20 on its front side or the
like to scrape together dust and dirt, as well as side brush
motors 45 (Fig. 1) for driving the side brushes 44, a dust-
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collecting unit 46 (Fig. 2) which communicates with the
suction port 31 to accumulate dust and dirt, and the like.
In addition, with respect to the electric blower 41, the
rotary brush 42 as well as the brush motor 43 (Fig. 1),
and the side brushes 44 as well as the side brush motors
45 (Fig. 1), it is allowable that at least any one of these
members is provided.
[0019] The communication part 23 shown in Fig. 1 in-
cludes a wireless LAN device 47 as wireless communi-
cation means (a wireless communication part) for per-
forming wireless communication with the external device
17 via the home gateway 14 and the network 15 and as
cleaner signal receiving means (a cleaner signal receiv-
ing part) ; unshown transmission means (a transmission
part) such as an infrared emitting element, for example,
for transmitting wireless signals (infrared signals) to the
charging device 12 (Fig. 4) and the like; and unshown
receiving means (a reception part) such as a phototran-
sistor for receiving wireless signals (infrared signals) from
the charging device 12 or an unshown remote control
and the like. In addition, the communication part 23 may
be installed with an access point function, and it may
perform wireless communication directly with the exter-
nal device 17, not via the home gateway 14, for example.
Also, a web server function may also be added to the
communication part 23, for example.
[0020] The wireless LAN device 47 performs transmis-
sion and reception of various types of information with
the network 15 from the vacuum cleaner 11 via the home
gateway 14.
[0021] The image pickup part 25 includes cameras
51a, 51b as (one and the other) image pickup means
(image pickup part bodies), and a lamp 53 such as an
LED as illumination means (an illumination part) for illu-
mination to these cameras 51a, 51b.
[0022] As shown in Fig. 2, the cameras 51a, 51b are
disposed on both sides of a front portion in the side sur-
face portion 20a of the main casing 20. That is, in this
embodiment, the cameras 51a, 51b are disposed in the
side surface portion 20a of the main casing 20 at positions
which are skewed by a generally equal specified angle
(acute angle) in the left-and-right direction with respect
to a widthwise center line L of the vacuum cleaner 11
(main casing 20), respectively. In other words, these
cameras 51a, 51b are disposed generally symmetrically
in the widthwise direction with respect to the main casing
20, and a center position of these cameras 51a, 51b is
generally coincident with a center position of the width-
wise direction intersecting (orthogonally crossing) the
back-and-forth direction, which is the traveling direction
of the vacuum cleaner 11 (main casing 20). Further, these
cameras 51a, 51b are disposed at generally equal posi-
tions in an up-and-down direction, that is, generally equal
height positions. Therefore, these cameras 51a, 51b are
set generally equal in height with each other from a floor
surface while the vacuum cleaner 11 is set on the floor
surface. Accordingly, the cameras 51a, 51b are disposed
at mutually separated shifted positions (positions shifted

in the left-and-right direction). Also, the cameras 51a,
51b are digital cameras which pick up digital images of
a forward direction, which is the traveling direction of the
main casing 20, at specified horizontal angles of view
(e.g., 105°) and at specified time intervals, e.g., at a mi-
cro-time basis such as several tens of milliseconds or at
a several-second basis. Further, these cameras 51a, 51b
have their image pickup ranges (fields of view) Va, Vb
overlapping with each other (Fig. 5), so that (one and the
other) images P1a, P1b (Fig. 6(a) and Fig. 6(b)) picked
up by these cameras 51a, 51b have their image pickup
regions overlapping in the left-and-right direction with
each other in a part of those regions containing a forward
position resulting from extending the widthwise center
line L of the vacuum cleaner 11 (main casing 20). In this
embodiment, the cameras 51a, 51b are so designed to
pick up images of a visible light region as an example.
In addition, images picked up by the cameras 51a, 51b
may be compressed into a specified data format, for ex-
ample, by an unshown image processing circuit or the
like.
[0023] The lamp 53 serving to emit illuminating light
for image pickup by the cameras 51a, 51b is disposed
at the intermediate position between the cameras 51a,
51b, that is, at a position on the center line L in the side
surface portion 20a of the main casing 20. That is, the
lamp 53 is distanced generally equally from the cameras
51a, 51b. Also, the lamp 53 is disposed at a generally
equal position in the up-and-down direction, that is, a
generally equal height position, to the cameras 51a, 51b.
Accordingly, the lamp 53 is disposed at a generally center
portion in the widthwise direction between the cameras
51a, 51b. In this embodiment, the lamp 53 is designed
to illuminate light containing the visible light region.
[0024] The sensor part 26 shown in Fig. 1 includes, for
example, a rotational speed sensor 55 such as an optical
encoder for detecting rotational speed of each of the driv-
ing wheels 34 (each of the motors 35). Based on meas-
ured rotational speed of the driving wheels 34 (Fig. 3) or
the motors 35, the rotational speed sensor 55 detects
swing angle or progressional distance of the vacuum
cleaner 11 (main casing 20 (Fig. 3)). Therefore, the ro-
tational speed sensor 55 is a position detection sensor
for detecting a relative position of the vacuum cleaner 11
(main casing 20 (Fig. 3)) from a reference position such
as the charging device 12 (Fig. 4) as an example.
[0025] The control means 27 is, for example, a micro-
computer including a CPU which is a control means main
body (control unit main body), a ROM which is a storage
section in which fixed data such as programs to be read
by the CPU have been stored, a RAM which is an area
storage section for dynamically forming various memory
areas such as a work area serving as a working region
for data processing by programs, and the like (where
these component members are not shown). The control
means 27 further includes, for example, a memory 61
which is storage means (a storage part) for storing therein
image data picked up by the cameras 51a, 51b and the
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like, an image generation part 63 as distance image gen-
eration means (a distance image generation part) for cal-
culating a distance (depth) to an object (feature point)
from the cameras 51a, 51b based on images picked up
by the cameras 51a, 51b, and then generating a distance
image based on the calculated distance to the object, a
discrimination part 64 as discrimination means for dis-
criminating whether or not the picked-up object in the
distance image generated by the image generation part
63 is an obstacle, and an image processing part 65 as
map generation means (a map generation part) for gen-
erating a map of a cleaning area based on obstacle dis-
crimination implemented by the discrimination part 64,
and the like. Also, the control means 27 includes a travel
control part 66 for controlling operation of the motors 35,
35 (driving wheels 34, 34 (Fig. 3)) of the traveling part
21, a cleaning control part 67 for controlling operation of
the electric blower 41, the brush motor 43 and the side
brush motors 45 of the cleaning unit 22, an image pickup
control part 68 for controlling the cameras 51a, 51b of
the image pickup part 25, an illumination control part 69
for controlling the lamp 53 of the image pickup part 25,
and the like. Then, the control means 27 has, for example,
a traveling mode for driving the driving wheels 34, 34
(Fig. 3), that is, the motors 35, 35, to make the vacuum
cleaner 11 (main casing 20 (Fig. 3)) autonomously travel,
a charging mode for charging the secondary battery 28
via the charging device 12 (Fig. 4), and a standby mode
applied during a standby state.
[0026] The memory 61 is, for example, a nonvolatile
memory such as a flash memory for holding various types
of stored data regardless of whether the vacuum cleaner
11 is powered on or off.
[0027] The image generation part 63 uses a known
method to calculate a distance to an object (feature point)
based on images picked up by the cameras 51a, 51b and
the distance between the cameras 51a, 51b, and also
generates a distance image showing the calculated dis-
tance to the object (feature point) . That is, the image
generation part 63, for example, in which triangulation is
applied based on a distance from the cameras 51a, 51b
to an object (feature point) O and the distance between
the cameras 51a, 51b (Fig. 5), detects pixel dots indica-
tive of identical positions from within individual images
picked up by the cameras 51a, 51b and calculates angles
of the pixel dots in the up-and-down direction and the
left-and-right direction to calculate a distance from the
cameras 51a, 51b at that position based on those angles
and the distance between the cameras 51a, 51b. There-
fore, it is preferable that images to be picked up by the
cameras 51a, 51b overlap with each other as much as
possible. Also, generation of this distance image by the
image generation part 63 is implemented by displaying
calculated pixel-dot-basis distances that are converted
to visually discernible gradation levels such as bright-
ness, color tone or the like on a specified dot basis such
as a one-dot basis. In this embodiment, the image gen-
eration part 63 generates a distance image which is a

black-and-white image whose brightness decreases
more and more with increasing distance, that is, as a
gray-scale image of 256 levels (=28 with 8 bits) as an
example which increases in blackness with increasing
distance and increases in whiteness with decreasing dis-
tance in a forward direction from the vacuum cleaner 11
(main casing 20) . Accordingly, the distance image is ob-
tained by, as it were, visualizing a mass of distance in-
formation (distance data) of objects positioned within im-
age pickup ranges of the cameras 51a, 51b located for-
ward in the traveling direction of the vacuum cleaner 11
(main casing 20). The image generation part 63 gener-
ates a distance image only with regards to the pixel dots
within a specified image range in each of images picked
up by the cameras 51a, 51b.
[0028] The discrimination part 64 discriminates, based
on the distance image generated by the image genera-
tion part 63, whether or not the object picked up by the
cameras 51a, 51b is an obstacle, that is, whether or not
any obstacle which obstructs traveling is present ahead.
Specifically, the discrimination part 64 compares a dis-
tance to an object (feature point) in the distance image
generated by the image generation part 63 (numerical
data in terms of distances of pixel dots constituting the
distance image), with a set distance which is a specified
threshold having been previously set or variably set. In
the case where the object (feature point) is positioned at
the set distance (distance from the vacuum cleaner 11
(main casing 20)) or closer, the discrimination part 64
discriminates that the object (feature point) is an obsta-
cle, while in the case where the object (feature point) is
not positioned at the set distance (distance from the vac-
uum cleaner 11 (main casing 20)) or closer, the discrim-
ination part 64 discriminates that the object (feature point)
is not an obstacle. In more detail, in the embodiment, the
discrimination part 64 manages distance information of
pixel dots (object (feature point)) in the distance image
as frequency data by using a histogram showing, as fre-
quency, a number of pixels per a specified distance width
(bin) (examples are shown in Fig. 7(a) and Fig. 7(b)).
Based on the comparison between the frequency of the
distance width including the set distance in the histogram
and a preset frequency threshold, the discrimination part
64 discriminates that an object corresponding to an ob-
stacle is picked up in the distance image in the case
where a frequency of a distance closer than the specified
set distance is equal to or above the specified frequency
threshold.
[0029] Here, if the specified image ranges respectively
set by the image generation part 63 and the discrimina-
tion part 64 satisfy the following large/small relation: (the
image range set by the image generation part 63) ≥ (the
image range set by the discrimination part 64), they may
not necessarily be identical to each other. However, since
it is preferable that these image ranges be identical to
each other when processing is more simplified, the fol-
lowing description will be given on the assumption that
these image ranges are identical to each other. Also,
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sizes of these image ranges are determined in accord-
ance with the set distance set by the discrimination part
64. Specifically, the image range is set smaller in the
case of the set distance set larger (farther) by the dis-
crimination part 64. The image range may be set propor-
tionally to the set distance, or an optimum image range
may be selected among plural preset image ranges in
accordance with large/small relation between the set dis-
tance and single or plural thresholds set with respect to
the set distance. The image range is set similar to the
external shape of the main casing 20 in accordance with
the set distance. That is, the image range is set in ac-
cordance with the external shape (up-and-down and left-
and-right magnitudes) of the vacuum cleaner 11 (main
casing 20) in the case where the vacuum cleaner 11
(main casing 20) is positioned at the set distance from
the cameras 51a, 51b. In the embodiment, since the main
casing 20 is formed into a flat generally-columnar shape
(generally disc-shape), the image range is set in a square
shape long in the left-and-right direction (laterally long
square shape) . In other words, the image range is set
so that the vacuum cleaner 11 (main casing 20) traveling
linearly as is by the set distance will be brought into con-
tact with the image range. The set distance for the dis-
crimination part 64 may be set appropriately in accord-
ance with traveling speed or a traveling mode of the vac-
uum cleaner 11 (main casing 20), or can be input arbi-
trarily by a user.
[0030] The image processing part 65 calculates a po-
sitional relation between the cleaning area in which the
vacuum cleaner 11 (main casing 20) is disposed and an
object or the like positioned within this cleaning area,
based on a distance to the object (feature point) discrim-
inated as an obstacle by the discrimination part 64 and
a position of the vacuum cleaner 11 (main casing 20)
detected by the rotational speed sensor 55 of the sensor
part 26, so as to generate a map. In addition, the image
processing part 65 is not an essential element.
[0031] The travel control part 66 controls magnitude
and a direction of currents flowing through the motors
35, 35 to make the motors 35, 35 rotated forward or re-
verse, thereby controlling the drive of the motors 35, 35.
By controlling the drive of the motors 35, 35, the travel
control part 66 controls the drive of the driving wheels
34, 34 (Fig. 3).
[0032] The cleaning control part 67 controls conduc-
tion amounts of the electric blower 41, the brush motor
43 and the side brush motors 45 independently of one
another, to control the drive of the electric blower 41, the
brush motor 43 (rotary brush 42 (Fig. 3)) and the side
brush motors 45 (side brushes 44 (Fig. 3)). In addition,
control units may be provided in correspondence with
the electric blower 41, the brush motor 43 and the side
brush motors 45 independently and respectively.
[0033] The image pickup control part 68, including a
control circuit for controlling operation of shutters of the
cameras 51a, 51b, operates the shutters at every spec-
ified time interval, thus exerting control to pick up images

by the cameras 51a, 51b at every specified time interval.
[0034] The illumination control part 69 controls turn-on
and -off of the lamp 53 via a switch or the like. The illu-
mination control part 69, including a sensor for detecting
brightness around the vacuum cleaner 11 in the embod-
iment, makes the lamp 53 lit when the brightness detect-
ed by the sensor is a specified level or lower, and other-
wise, keeps the lamp 53 unlit.
[0035] The secondary battery 28 is electrically con-
nected to charging terminals 71, 71 as connecting parts
exposed on both sides of a rear portion in the lower sur-
face portion 20c of the main casing 20 shown in Fig. 3
as an example. With the charging terminals 71, 71 elec-
trically and mechanically connected to the charging de-
vice 12 (Fig. 4) side, the secondary battery 28 is charged
via the charging device 12 (Fig. 4).
[0036] The home gateway 14 shown in Fig. 1, which
is also called an access point or the like, is installed inside
a building and connected to the network 15 by wire as
an example.
[0037] The server 16 is a computer (cloud server) con-
nected to the network 15 and capable of storing therein
various types of data.
[0038] The external device 17 is, for example, a gen-
eral-purpose device such as a PC (tablet terminal (tablet
PC)) 17a or a smartphone (mobile phone) 17b which is
enabled to make wired or wireless communication with
the network 15 via the home gateway 14 as an example
inside a building and which is enabled to make wired or
wireless communication with the network 15 outside the
building. This external device 17 has at least a display
function of displaying images.
[0039] Next, operation of the above-described first em-
bodiment will be described.
[0040] In general, work of a vacuum cleaner device is
roughly divided into cleaning work for carrying out clean-
ing by the vacuum cleaner 11, and charging work for
charging the secondary battery 28 with the charging de-
vice 12. The charging work is implemented by a known
method using a charging circuit such as a constant cur-
rent circuit contained in the charging device 12. There-
fore, only the cleaning work will be described below. Also,
there may also be included image pickup work for picking
up an image of a specified object by at least one of the
cameras 51a, 51b in response to an instruction from the
external device 17 or the like.
[0041] In the vacuum cleaner 11, at a timing such as
an arrival at a preset cleaning-start time or reception of
a cleaning-start instruction signal transmitted by a remote
control or the external device 17, the control means 27
is switched over from the standby mode to the traveling
mode, so that the control means 27 (travel control part
66) drives the motors 35, 35 (driving wheels 34, 34) to
make the vacuum cleaner 11 move apart from the charg-
ing device 12 by a specified distance.
[0042] Then, in the vacuum cleaner 11, the image
processing part 65 generates a map of a cleaning area.
When generating the map, in overview, the vacuum
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cleaner 11 calculates a distance to an object present in
images picked up by the cameras 51a, 51b while traveling
along an outer wall of the cleaning area and the like.
Then, the vacuum cleaner 11 discriminates the wall
and/or obstacle based on the calculated distance to gen-
erate the map based on the current position of the vac-
uum cleaner 11 (map generation mode).
[0043] In more detail, referring to the flowchart shown
in Fig. 9 and the like, first the control means 27 (travel
control part 66) drives the motors 35, 35 (driving wheels
34, 34) so as to make the vacuum cleaner 11 (main casing
20) travel along an outer wall of a cleaning area CA, and
further the cameras 51a, 51b driven (by the image pickup
control part 68) pick up forward images in the traveling
direction (step 1 in Fig. 8). At least any one of these
picked-up images can be stored in the memory 61. Then,
based on these images picked up by the cameras 51a,
51b and the distance between the cameras 51a, 51b, a
distance to an object (feature point) within a specified
image range is calculated by the image generation part
63 (step 2). Specifically, for example, in the case where
the images P1a, P1b as shown in Fig. 6(a) and Fig. 6(b)
are picked up by the cameras 51a, 51b, the image gen-
eration part 63 calculates a distance of each pixel dot
within specified image ranges A1a, A1b of the images
P1a, P1b. The image ranges A1a, A1b are the image
ranges corresponding to a set distance D1 (Fig. 5) having
one meter long as an example, which is a relatively large
(far) set distance set by, for example, the discrimination
part 64. Further, the image generation part 63 generates
a distance image based on the calculated distance infor-
mation (step 3). The discrimination part 64 discriminates
obstacles such as a wall and the like based on the his-
togram showing, as frequency, a number of pixel dots
per a specified distance width in the distance image.
Then, the image processing part 65 roughly maps the
external shape of the cleaning area CA (Fig. 8) and a
layout therein based on the relative position of the vac-
uum cleaner 11 (main casing 20), that is, its own position,
with respect to the discriminated obstacles and the charg-
ing device 12 (Fig. 8) detected by the rotational speed
sensor 55 of the sensor part 26, and then stores the re-
spective distances of the objects (feature points) in the
memory 61 (step 4), and processing is returned to step
1. For example, upon discriminating that the whole clean-
ing area has been mapped, the control means 27 ends
the map generation mode and is switched over to a clean-
ing mode which will be described later. In addition, the
map, once stored in the memory 61 or the like upon its
generation, may be read from the memory 61 for the next
and subsequent cleaning, eliminating the need for gen-
erating a map for each event of cleaning. However, in
view of cases where a cleaning area different to the map
stored in the memory 61 is to be cleaned or where the
cleaning area, even if unchanged from the stored one,
is changed in terms of layout of objects or the like, the
map may be generated as required in response to user’s
instruction as an example, or at specified periods or the

like, or otherwise, the once generated map may be up-
dated from time to time based on distance measurement
of objects during the cleaning work.
[0044] The vacuum cleaner 11 next performs, based
on the generated map, cleaning while autonomously
traveling in the cleaning area (cleaning mode). During
this autonomous traveling, in overview, the vacuum
cleaner 11 calculates a distance to an object in images
picked by the cameras 51a, 51b while traveling forward
to discriminate the wall and/or obstacle based on the cal-
culated distance and the generated map, and performs
cleaning by the cleaning unit 22 while traveling and avoid-
ing these wall and obstacles.
[0045] In more detail, referring to the flowchart shown
in Fig. 10 and the like, first, the control means 27 (travel
control part 66) drives the motors 35, 35 (driving wheels
34, 34) so as to make the vacuum cleaner 11 (main casing
20) travel (step 11), and then the cameras 51a, 51b driven
by the control means 27 (image pickup control part 68)
pick up forward images in the traveling direction (step
12). These picked-up images can be stored in the mem-
ory 61. Then, based on these images picked up by the
cameras 51a, 51b and the distance between the cameras
51a, 51b, the image generation part 63 calculates a dis-
tance to an object (feature point) within a specified image
range (step 13). Specifically, for example, in the case
where the images P1a, P1b as shown in Fig. 6(a) and
Fig. 6(b) are picked up by the cameras 51a, 51b, the
image generation part 63 calculates a distance of each
pixel dot within specified image ranges A1a, A1b or spec-
ified image ranges A2a, A2b of the images P1a, P1b.
The image ranges A1a, A1b are, for example, the image
ranges corresponding to a set distance D1 (Fig. 5) which
is a relatively large (far) set distance set by the discrim-
ination part 64, while the image ranges A2a, A2b are, for
example, the image ranges corresponding to a set dis-
tance D2 (Fig. 5) having thirty centimeters long as an
example, which is a relatively small (close) set distance
set by the discrimination part 64. Further, the image gen-
eration part 63 generates a distance image based on the
calculated distance (step 14). Fig. 6(c) and Fig. 6(d) re-
spectively show examples of distance images PL1 and
PL2 generated by the image generation part 63. The dis-
tance images PL1, PL2 respectively show an example
when the set distance set by the discrimination part 64
is relatively large (set distance D1 (Fig. 5)) and an exam-
ple when the set distance is relatively small (set distance
D2 (Fig. 5)). These distance images can also be stored
in, for example, the memory 61. Then, based on the gen-
erated distance images, the discrimination part 64 com-
pares the distance to the object (feature point) with the
specified set distance to discriminate whether or not the
object is present at the set distance or closer, that is,
whether or not the object is an obstacle (whether or not
there is any obstacle which obstructs traveling (advanc-
ing) ahead of the vacuum cleaner 11 (main casing 20))
(step 15). Specifically, based on the histogram showing,
as frequency, a number of pixel dots per a specified dis-
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tance width in the distance image, the discrimination part
64 discriminates that there is an object corresponding to
an obstacle present at the set distance or closer in the
case where the frequency of the distance width including
the specified set distance is equal to or above a specified
frequency threshold which has been previously set. For
example, based on the histogram as shown in Fig. 7(a)
showing, as frequency, a number of pixel dots per a spec-
ified distance width in the distance image, when the vac-
uum cleaner 11 (main casing 20) travels forward as is,
the histogram is assumed to be the one shown in Fig.
7(b) with the all frequencies shifted toward smaller dis-
tance side. When the frequency of the distance width
(bin) including the set distance D (set distance D1 (Fig.
5) or set distance D2 (Fig. 5)) is equal to or above a
frequency threshold T, the discrimination part 64 discrim-
inates that there is an object corresponding to an obstacle
at the specified distance or closer. Then in step 15 of the
flowchart shown in Fig. 10, upon discriminating that the
object is not an obstacle, the vacuum cleaner 11 (main
casing 20) continues traveling as is (step 16), followed
by proceeding back to step 11. The discrimination with
regard to the object not corresponding to an obstacle
includes, for example, the case of no object picked up in
the images. On the other hand, in step 15, upon discrim-
inating that the object is an obstacle, processing moves
to a specified avoidance action routine (step 17) . There
are various methods for the avoidance action routine. In
an example, the control means 27 (travel control part 66)
controls the drive of the motors 35, 35 (driving wheels
34, 34) to stop the vacuum cleaner 11 (main casing 20),
and then make the vacuum cleaner 11 (main casing 20)
swing to change its traveling direction at the stopped po-
sition or a position to which the vacuum cleaner 11 (main
casing 20) retreats by a specified distance. After this
avoidance action routine, processing moves to step 16
in which the vacuum cleaner 11 continues traveling. As
described above, while autonomously traveling all over
the floor surface under avoidance of obstacles, the vac-
uum cleaner 11 (main casing 20) makes the control
means 27 (cleaning control part 67) operate the cleaning
unit 22 to clean dust and dirt on the floor surface. That
is, the vacuum cleaner 11 continues operation in contin-
uation such as continuing the cleaning work even if an
obstacle is detected.
[0046] As for the cleaning unit 22, dust and dirt on the
floor surface are collected to the dust-collecting unit 46
via the suction port 31 by the electric blower 41, the rotary
brush 42 (brush motor 43) or the side brushes 44 (side
brush motors 45) driven by the control means 27 (clean-
ing control part 67) . Then, in the vacuum cleaner 11, the
control means 27 (travel control part 66) controls the op-
eration of the motors 35, 35 (driving wheels 34, 34) to
return to the charging device 12, when the cleaning of
the mapped cleaning area ends or when a specified con-
dition is satisfied such as when the capacity of the sec-
ondary battery 28 is decreased to a specified level during
the cleaning work, the specified level being insufficient

for completion of cleaning or image pickup (the voltage
of the secondary battery 28 has decreased to around a
discharge termination voltage). Thereafter, when the
charging terminals 71, 71 and terminals for charging of
the charging device 12 are docked together, the cleaning
work is ended and the control means 27 is switched over
to the standby mode or the charging mode.
[0047] In addition, data of images stored in the memory
61 are transmitted to the server 16 via the home gateway
14 and the network 15 by means of the wireless LAN
device 47, for example, upon a return of the vacuum
cleaner 11 to the charging device 12, from time to time
during the cleaning work, at specified time interval, in the
event of a request from the external device 17, or the
like. In addition, when data that have been transmitted
completely are deleted from the memory 61 or overwrit-
ten when storing new data, the capacity of the memory
61 can be used efficiently.
[0048] The server 16 is enabled to store image data
transmitted from the vacuum cleaner 11 and the image
data may be downloaded in response to a request (ac-
cess) from the external device 17.
[0049] Then, on the external device 17, an image
downloaded from the server 16 is displayed.
[0050] As described above, in accordance with the first
embodiment, the image generation part 63 generates a
distance image of an object positioned on the traveling-
direction side based on the images on the traveling-di-
rection side of the main casing 20 picked up by the plu-
rality of cameras 51a, 51b. In addition, the discrimination
part 64 discriminates whether or not the picked-up object
is an obstacle which obstructs traveling (advancing)
based on the generated distance image, thereby ena-
bling to improve obstacle detection precision and allow-
ing the vacuum cleaner 11 (main casing 20) to travel
stably, resulting in enabling to improve its traveling per-
formance and cleaning performance.
[0051] Also, distance information of distance images
is managed as frequency data, and the discrimination
part 64 discriminates that the object in the distance image
is an obstacle when a frequency of a distance closer than
a specified set distance is equal to or above a specified
frequency threshold. The discrimination is hardly affect-
ed by image noise, compared to the case of discriminat-
ing, for example, whether or not the object in the image
is an obstacle based on whether or not at least one of
the pixel dots indicates a specified set distance or above,
resulting in providing more accurate obstacle discrimina-
tion.
[0052] Further, at least one of the cameras 51a, 51b
(in the embodiment, the both of the cameras 51a, 51b)
picks up an image of a visible light region. Thus, the
picked-up image has favorable image quality, and can
be easily displayed so as to be able to be seen by a user
without implementing complicated image processing. In
addition, with the light including a visible light region illu-
minated by the lamp 53, the cameras 51a, 51b can more
surely pick up images even in dark location or night time.
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[0053] Next, the second embodiment will be described
referring to Fig. 11. In addition, with regard to the same
constitution and action as the first embodiment described
above, respectively the same reference sign is assigned
and the description thereof is omitted.
[0054] The second embodiment provides different
travel control during the cleaning mode in the first em-
bodiment described above. Specifically, in accordance
with the second embodiment, in the case where the dis-
crimination part 64 discriminates that a picked-up object
is an obstacle (there is an obstacle which obstructs
traveling (advancing) ahead of the vacuum cleaner 11
(main casing 20)), after traveling speed of the main cas-
ing 20 (vacuum cleaner 11) by the driving wheels 34, 34,
is relatively reduced, the set distance for discrimination
by the discrimination part 64 is set smaller, and then, the
discrimination part 64 re-discriminates whether or not the
picked-up object is an obstacle, that is, whether or not
there is an obstacle which obstructs traveling (advancing)
ahead of the vacuum cleaner 11 (main casing 20) .
[0055] In more detail, referring to the flowchart in Fig.
11 as well, the control means 27 (travel control part 66)
first drives the motors 35, 35 (driving wheels 34, 34) to
make the vacuum cleaner 11 (main casing 20) travel at
first speed which is relatively high (step 21), and then
performs the controls in step 12 to step 14. Then, instead
of step 15, the discrimination part 64 performs the control
of step 22 in which the discrimination part 64 compares
a distance to an object (feature point) with a specified set
distance to discriminate whether or not the object is
present at the set distance or closer, that is, whether or
not the object is an obstacle. In this case, a set distance
D1 (Fig. 5) which is relatively large (far) is used as the
set distance. The description of the specific processing
in step 22 which is the same as the one in step 15 is
omitted. Then, in step 22, in the case where the discrim-
ination part 64 discriminates that the object is not an ob-
stacle (there is no obstacle ahead), processing is re-
turned to step 21. On the other hand, in step 22, upon
discriminating that the object is an obstacle (there is an
obstacle ahead), the discrimination part 64 compares the
distance to the object (feature point) with the specified
set distance to discriminate whether or not there is any
object at the set distance or closer, that is, whether or
not the object is an obstacle (step 23). In this case, a set
distance D2 (Fig. 5) which is relatively small (close) is
used as the set distance. The description of the specific
processing in step 23 which is the same as the one in
step 15 is omitted. Then, in step 23, in the case where
the object is discriminated not as an obstacle (there is
no obstacle ahead), the control means 27 (travel control
part 66) drives the motors 35, 35 (driving wheels 34, 34)
to make the vacuum cleaner 11 (main casing 20) travel
at second speed which is relatively low (step 24), that is,
to reduce the traveling speed of the vacuum cleaner 11
(main casing 20), and then processing is returned to step
12. Also, in step 23, in the case where the object is dis-
criminated as an obstacle (there is an obstacle ahead),

that is, in the case where after the object is discriminated
as an obstacle in step 22, the object is re-discriminated
also as an obstacle in step 23, the control means 27
(travel control part 66) stops the motors 35, 35 (driving
wheels 34, 34) to stop the traveling of the vacuum cleaner
11 (main casing 20) (step 25), so as to end the control.
[0056] As described above, upon discriminating that
the picked-up object is an obstacle, the discrimination
part 64 re-discriminates whether or not the object is an
obstacle after a smaller distance is set as a specified set
distance, thereby evaluating the picked-up object in more
detail and resulting in enabling to improve obstacle de-
tection precision.
[0057] Specifically, in the case where the discrimina-
tion part 64 discriminates that the picked-up object is an
obstacle, after the control means 27 relatively reduces
the traveling speed of the vacuum cleaner 11 (main cas-
ing 20), the discrimination part 64 sets the specified set
distance smaller to re-discriminate whether or not the
object is an obstacle. Thus, the picked-up object can be
re-evaluated under different conditions, thereby sup-
pressing misdetection of the obstacle.
[0058] Also, in the case where the discrimination part
64 re-discriminates that the object is an obstacle, the
control means 27 stops the driving wheels 34, 34 to stop
the traveling of the vacuum cleaner 11 (main casing 20),
thus suppressing malfunction such as stranding of the
vacuum cleaner 11 (main casing 20) on the obstacle by
mistake, colliding with the obstacle, and the like.
[0059] In addition, in the second embodiment de-
scribed above, in the case where the discrimination part
64 re-discriminates whether or not the object is an ob-
stacle while traveling at slower traveling speed after dis-
criminating that the object is an obstacle, the first speed
and the second speed have been set. However, the same
processing for the discrimination with regard to whether
or not the object is an obstacle may be repeated three
times or more while traveling at three different levels or
more of reduced traveling speed. In this case, it is pref-
erable that the specified set distance be set smaller (the
image range of the distance image be set wider) in the
case of the traveling speed being lower.
[0060] Also, upon discriminating that the object is an
obstacle, the discrimination part 64 can, instead of
traveling at lower speed, also re-discriminate whether or
not the object is an obstacle after, for example, the vac-
uum cleaner 11 (main casing 20) is slightly turned by a
specified angle. In this case also, the picked-up object
can be re-evaluated under different conditions, resulting
in enabling to suppress misdetection of the obstacle.
[0061] As described above, upon discriminating that
the object is an obstacle, the discrimination part 64 per-
forms plural times the discrimination regarding whether
or not the object is an obstacle while changing conditions,
resulting in enabling to improve obstacle detection pre-
cision.
[0062] Further, after discriminating that the object is an
obstacle, the discrimination part 64 may, after turning of
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180 degrees, perform the obstacle discrimination with
respect to the avoidance direction.
[0063] Next, the third embodiment will be described
referring to Fig. 12. In addition, with regard to the same
constitution and action as the embodiments described
above, respectively the same reference sign is assigned
and the description thereof is omitted.
[0064] The third embodiment includes a beam irradia-
tion part 73 as light emitting means (a light emitting part)
different from the lamp 53, disposed between the cam-
eras 51a, 51b in the embodiments described above.
[0065] The beam irradiation part 73 with a light-emitting
element, for example, an LED or a semiconductor laser
is configured to irradiate a light beam B such as visible
light or infrared ray forward in the traveling direction of
the main casing 20. The beam irradiation part 73 is dis-
posed at the intermediate position between the cameras
51a, 51b, that is, at the position on the center line L in
the side surface portion 20a of the main casing 20. That
is, the beam irradiation part 73 is distanced generally
equally from the cameras 51a, 51b. Accordingly, the
beam irradiation part 73 can be disposed above or below
the lamp 53, or at other position. The light beam B irra-
diated from the beam irradiation part 73 may include one
beam or plural beams. In the embodiment, the beam ir-
radiation part 73 irradiates plural beams as an example.
It is preferable that these light beams B be irradiated with-
in the image pickup ranges (fields of view) Va, Vb over-
lapping with each other respectively of the cameras 51a,
51b.
[0066] Then, since the light beams B irradiated from
the beam irradiation part 73 are irradiated to an object O
positioned ahead of the main casing 20 (vacuum cleaner
11), each of the light beams B is reflected as a spot S in
the image picked up by the cameras 51a, 51b.
[0067] Accordingly, in the case of an object O being,
for example, a wall uniform in color, transparent glass or
the like which is hardly reflected directly in an image and
thus the distance of which is not easily calculated based
on the image, the spot S generated on the object O by
the light beam B is used as a feature point of the object
O for calculation of a distance to the spot S, thereby ac-
quiring the distance to the object O based on the images
picked up by the cameras 51a, 51b. This can further im-
prove obstacle detection precision.
[0068] Also, irradiation of the light beams B within the
image pickup ranges Va, Vb overlapping with each other
of the cameras 51a, 51b for picking up images may lead
to more reliable irradiation of the light beams B to an
object O positioned forward in the traveling direction of
the main casing 20 (vacuum cleaner 11), resulting in en-
abling to further improve detection precision of the object
O.
[0069] Then, emission of the plural beams of the light
beams B from the beam irradiation part 73 can lead to
generation of a plurality of the spots S at mutually different
positions on the object O. The distance to the object O
can be calculated by use of the plurality of spots S, thus

enabling to detect the distance to the object O more re-
liably. This further improves obstacle detection precision.
[0070] In addition, in the third embodiment described
above, the beam irradiation part 73 may be disposed at
a position shifted from the intermediate position between
the cameras 51a, 51b, that is, from the center line L in
the side surface portion 20a of the main casing 20 (dis-
posed at a position different from the intermediate posi-
tion between the cameras 51a, 51b). In this case, the
distance to the object O can be acquired by implementing
correction based on the position of the beam irradiation
part 73 when calculating the distance to the spot S.
[0071] Next, the fourth embodiment will be described
referring to Fig. 13. In addition, with regard to the same
constitution and action as the embodiments described
above, respectively the same reference sign is assigned
and the description thereof is omitted.
[0072] The fourth embodiment includes a camera 51c
as image pickup means between the cameras 51a, 51b
in the embodiments described above.
[0073] The camera 51c is disposed at the intermediate
position between the cameras 51a, 51b, that is, at the
position on the center line L in the side surface portion
20a of the main casing 20. That is, the camera 51c is
distanced generally equally from the cameras 51a, 51b.
Accordingly, the pitch between the cameras 51a, 51c and
the pitch between the cameras 51c, 51b are the same
with each other. In other words, these cameras 51a, 51c,
51b are disposed at generally equal intervals. That is,
the pitch between the cameras 51a, 51c and the pitch
between the cameras 51c, 51b are set to almost a half
of the pitch between the cameras 51a, 51b. In other
words, the cameras 51a, 51c, and the cameras 51c, 51b
are configured each as a camera pair respectively dis-
posed at a relatively narrow interval, while the cameras
51a, 51b are configured as a camera pair disposed at a
relatively wide interval. These cameras 51a, 51b, 51c
respectively have the image pickup ranges Va, Vb, Vc
overlapping with each other, and thus the images picked
up by these cameras 51a, 51b, 51c have the image pick-
up regions overlapping in the left-and-right direction with
each other. In the embodiment, these cameras 51a, 51b,
51c are so designed to pick up images of a visible light
region as an example. In addition, the images picked up
by these cameras 51a, 51b, 51c may be compressed
into a specified data format, for example, by an unshown
image processing circuit or the like.
[0074] The lamp 53, unshown in figures, can be dis-
posed respectively between the cameras 51a, 51c and
between the cameras 51c, 51b, or may be disposed at
a position distanced generally equally from the cameras
51a, 51b, 51c.
[0075] Also, the image generation part 63 uses a
known method similar to the ones in the embodiments
described above to calculate a distance to an object (fea-
ture point) based on images picked up by the cameras
51a, 51c disposed adjacent to each other and the dis-
tance between the cameras 51a, 51c disposed adjacent
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to each other, and further to calculate a distance to the
objet (feature point) based on images picked up by the
cameras 51c, 51b and the distance between the cameras
51c, 51b. Then, the image generation part 63 generates
a distance image by use of the average of the respectively
calculated distances to the object. As for the generation
of the distance image, a distance image (intermediary
distance image) is generated based on the distance to
the object calculated based on the images picked up by
the cameras 51a, 51c, and further, a distance image (in-
termediary distance image) is generated based on the
distance to the object calculated based on the images
picked up by the cameras 51c, 51b. Then, the average
image of these intermediary distance images may be
used as a distance image. Or, without generation of these
intermediary distance images, a distance image may be
directly generated based on the average value of the
respectively-calculated distances to the object.
[0076] Accordingly, the discrimination part 64 discrim-
inates whether or not the picked-up object is an obstacle,
based on the distance image generated as the average
value of the distance images generated based on the
average value of the respective distances of the object
in images respectively picked up by the paired cameras
51a, 51c, and the paired cameras 51c, 51b disposed ad-
jacent with each other in each pair, thus reducing image
noise and resulting in enabling to improve obstacle de-
tection precision.
[0077] Also, the cameras 51a, 51c pick up images at
a different camera angle from the camera angle of the
cameras 51c, 51b, thereby enabling to pick up images
of the object which cannot be picked up by one pair of
cameras and resulting in enabling to improve obstacle
detection precision.
[0078] Further, for example, in the case where a set
distance is relatively large, the image generation part 63
may calculate a distance to an object based on images
picked up by the cameras 51a, 51b disposed at a wide
interval, that is, disposed not adjacent to each other.
While in the case where a set distance is relatively small,
the image generation part 63 may calculate a distance
to an object based on images picked up by the cameras
51a, 51c and/or the cameras 51c, 51b respectively dis-
posed at a narrow interval, that is, disposed adjacent to
each other. Therefore, the image generation part 63 may
generate a distance image based on a distance to an
object calculated based on images picked up by the cam-
eras 51a, 51b disposed at a wide interval, that is, dis-
posed not adjacent to each other in the case where a set
distance is relatively large as an example, while the im-
age generation part 63 may generate a distance image
based on a distance to an object calculated based on
images picked up by the cameras 51a, 51c and/or the
cameras 51c, 51b respectively disposed at a narrow in-
terval, that is, disposed adjacent to each other in the case
where a set distance is relatively small.
[0079] In the case of the image generation part 63 us-
ing triangulation for detection of a distance to an object,

using cameras disposed at a narrower interval provides
favorable distance calculation precision with respect to
an object positioned closer. Thus, the image generation
part 63 selectively uses images picked up by the cameras
51a, 51b and images picked up by the cameras 51a, 51c
and/or the cameras 51c, 51b in accordance with the set
distance being large or small, thereby enabling to further
improve distance detection precision for object, that is,
obstacle detection precision.
[0080] Further, some applications for discrimination by
the discrimination part 64 may be available, for example,
when the discrimination part 64 discriminates whether or
not there is any obstacle which obstructs traveling, the
image generation part 63 calculates a distance to an ob-
ject based on images picked up by the cameras 51a, 51c
and/or the cameras 51c, 51b respectively disposed at a
narrow interval, that is, disposed adjacent to each other,
and then the discrimination part 64 uses a distance image
generated based on the calculated distance to the object,
while when a map is generated, the image generation
part 63 calculates a distance to an object based on im-
ages picked up by the cameras 51a, 51b respectively
disposed at a wide interval, that is, disposed not adjacent
to each other, and then the discrimination part 64 uses
a distance image generated based on the calculated dis-
tance to the object.
[0081] In addition, in the fourth embodiment described
above, four cameras or more may be set.
[0082] Also, in the above-described respectively em-
bodiment, the cameras 51a, 51b (and the camera 51c)
may be disposed at generally equal positions in the left-
and-right direction on the main casing 20 (side surface
portion 20a), that is, disposed above and below with each
other.
[0083] Also, at least one of the cameras 51a, 51b (and
the camera 51c) may be provided by an infrared camera
for picking up images of infrared regions.
[0084] Also, for image display, in addition to a consti-
tution including processing for enabling image display on
the external device 17 by the control means 27, there
may be adopted, for example, processing for enabling
image display on the external device 17 with an exclu-
sive-use program (application) installed in the external
device 17, or otherwise, it is also allowed that after pre-
processing is done by the control means 27 or the server
16, image display is implemented with a general-purpose
program such as a browser of the external device 17 or
the like. That is, a constitution in which display control
means (a display control part) implements the image dis-
play may be adopted through the use of a program stored
in the server 16, a program installed on the external de-
vice 17, and the like.
[0085] Further, although data of images or the like tem-
porarily stored in the memory 61 are transmitted to the
server 16 and stored in the server 16, the data may be
stored in the memory 61 as it is or stored in the external
device 17.
[0086] Also, images picked up by the cameras 51a,
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51b or a distance image generated by the image gener-
ation part 63 may also be displayed, for example, on a
display part provided in the vacuum cleaner 11 itself with-
out being limited to the external device 17. In this case,
there is no need to transmit data from the memory 61 to
the server 16 via the home gateway 14 and the network
15, allowing the constitution and control of the vacuum
cleaner 11 to be further simplified.
[0087] Further, as auxiliary aids for the detection of ob-
stacles by the cameras 51a, 51b, there may be separately
provided sensors such as a contact sensor for obstacle
detection at positions out of the field of view of the cam-
eras 51a, 51b, such as in a rear portion of the main casing
20, or step gap detection means (a step gap detection
part) such as an infrared sensor for detecting step gaps
of the floor surface or the like may be provided in the
lower surface portion 20c of the main casing 20.
[0088] Then, although the image generation part 63,
the discrimination part 64, the cleaning control part 67,
the image pickup control part 68 and the illumination con-
trol part 69 are each provided in the control means 27,
these members may also be provided as independent
members, respectively, or two or more among these
members may be arbitrarily combined with one another.
[0089] Further, the distance calculation by the image
generation part 63 may be applied not only during clean-
ing work but also to any arbitrary use during traveling of
the vacuum cleaner 11 (main casing 20).
[0090] Also, although the discrimination part 64 uses
a histogram showing, as frequency, a number of pixels
per a specified distance width (bin), to discriminate
whether or not an object is an obstacle, the discrimination
part 64 may directly compare a distance per a pixel dot
with a set distance to discriminate whether or not an ob-
ject is an obstacle.
[0091] Then, according to at least one of the above-
described embodiments, since the image generation part
63 generates a distance image of an object positioned
on the traveling-direction side based on images picked
up by the cameras 51a, 51b (cameras 51a, 51b, 51c)
disposed in the main casing 20 so as to be apart from
each other, and moreover, since the discrimination part
64 discriminates whether or not the picked-up object is
an obstacle based on the generated distance image, an
object and its distance can be precisely detected without
being affected by physical properties (softness, color,
etc.) of the object and without overlooking small object,
as compared with cases in which an infrared sensor or
an ultrasonic sensor or the like is used as an example.
Accordingly, the obstacle detection precision can be im-
proved.
[0092] Specifically, since the discrimination part 64 dis-
criminates that an object is an obstacle when the object
in a distance image generated by the image generation
part 63 is present closer than a specified set distance
which has been previously set, an obstacle can be pre-
cisely detected by simple processing.
[0093] As a result, the drive of the driving wheels 34,

34 (motors 35, 35) is controlled so as to avoid the object
which has been discriminated as an obstacle by the dis-
crimination part 64. Thus, the precision of autonomous
traveling can be improved so that the cleaning area can
be efficiently cleaned more thoroughly.
[0094] Further, since the image generation part 63
generates a distance image by use of data within a spec-
ified image range from the data of the images picked up
by the cameras 51a, 51b (cameras 51a, 51b, 51c), high-
er-speed processing is possible as compared with cases
in which a distance image is generated by use of whole
data of images picked up by the cameras 51a, 51b (cam-
eras 51a, 51b, 51c).
[0095] Also, since the image generation part 63 chang-
es image range in accordance with a specified set dis-
tance, an image processing only of a required range in
accordance with the set distance can be implemented,
thereby enabling to provide higher-speed processing.
[0096] Specifically, the image generation part 63 sets
a relatively large image range in the case where a spec-
ified set distance is relatively small, while the image gen-
eration part 63 sets a relatively small image range in the
case where a specified set distance is relatively large.
Thus, in the case where a specified set distance is re-
quired to be set relatively large, for example, in the case
where the vacuum cleaner 11 (main casing 20) travels
at high speed or other cases, image processing is imple-
mented only of the image range set relatively small, re-
sulting in providing high-speed processing. While in the
case where a specified set distance may be set relatively
small, such as in the case where the vacuum cleaner 11
(main casing 20) travels at low speed or other cases, an
image range is set relatively large, thereby enabling to
further improve detection precision for objects corre-
sponding to obstacles.
[0097] Accordingly, a set distance and an image range
can be selectively used in accordance with usage, for
example, traveling speed of the vacuum cleaner 11 (main
casing 20).
[0098] Also, An image range is set similar to the exter-
nal shape of the main casing 20 in accordance with a set
distance corresponding to its image range, thereby en-
abling detection only of minimum essential obstacles
which obstruct the advancing of the vacuum cleaner 11
(main casing 20). Accordingly, since an obstacle even
being present at any position other than the expected
positions has no effect on the advancing of the vacuum
cleaner 11 (main casing 20), processing only within the
image range makes it possible to sufficiently detect ob-
stacles that obstruct the traveling, resulting in enabling
to acquire sufficient effect of obstacle detection while per-
forming high-speed processing.
[0099] While certain embodiments have been de-
scribed, 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
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changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.
[0100] A control method for a vacuum cleaner in which
a main casing having a plurality of image pickup means
is enabled to autonomously travel, the plurality of image
pickup means being disposed apart from each other for
picking up images on a traveling-direction side, the meth-
od comprising the steps of: generating a distance image
of an object positioned on the traveling-direction side
based on images picked up by the plurality of image pick-
up means; and discriminating whether or not the picked-
up object is an obstacle based on the generated distance
image.
[0101] The control method for a vacuum cleaner as
described above, comprising the step of generating the
distance image by use of respective data within a spec-
ified image range among data of the images picked up
by the plurality of image pickup means.
[0102] The control method for a vacuum cleaner as
described above, comprising the step of, when the object
in the generated distance image is present closer than a
specified set distance which is previously set, discrimi-
nating that the object is an obstacle.
[0103] The control method for a vacuum cleaner as
described above, comprising the step of changing the
specified image range for generation of the distance im-
age, in accordance with the specified set distance.
[0104] The control method for a vacuum cleaner as
described above, comprising the step of setting the spec-
ified image range for generation of the distance image
relatively large when the specified set distance is rela-
tively small, and setting the specified image range for
generation of the distance image relatively small when
the specified set distance is relatively large.
[0105] The control method for a vacuum cleaner as
described above, comprising the step of setting the spec-
ified image range for generation of the distance image,
similar to an external shape of the main casing in accord-
ance with the specified set distance.
[0106] The control method for a vacuum cleaner as
described above, comprising the step of, upon discrimi-
nating that the object is an obstacle, setting the specified
set distance smaller to re-discriminate whether or not the
object is an obstacle.
[0107] The control method for a vacuum cleaner as
described above, comprising the steps of, upon discrim-
inating that the object is an obstacle, relatively reducing
traveling speed of the main casing, and setting the spec-
ified set distance smaller to re-discriminate whether or
not the object is an obstacle in a state in which the
traveling speed of the main casing is relatively reduced.
[0108] The control method for a vacuum cleaner as
described above, comprising the steps of, upon discrim-
inating that the object is an obstacle, making the main
casing swing, and then setting the specified set distance

smaller to re-discriminate whether or not the object is an
obstacle.
[0109] The control method for a vacuum cleaner as
described above, comprising the step of, upon re-dis-
criminating that the object is an obstacle, stopping
traveling of the main casing.
[0110] The control method for a vacuum cleaner as
described above, comprising the steps of managing dis-
tance information of the distance image as frequency da-
ta, and also discriminating that the object is an obstacle
when a frequency of a distance closer than the specified
set distance is equal to or above a specified value.
[0111] The control method for a vacuum cleaner as
described above, comprising the step of generating the
distance image based on an average value of distances
to the object in the images picked up by respective two
of the image pickup means disposed adjacent with each
other among three or more of the image pickup means
disposed so as to be distanced generally equally from
each other.
[0112] The control method for a vacuum cleaner as
described above, comprising the steps of, among three
or more of the image pickup means set so as to include
two disposed at a relatively narrow interval and two dis-
posed at a relatively wide interval, generating the dis-
tance image based on images picked up by the two of
the image pickup means disposed at the relatively narrow
interval when the specified set distance is relatively small,
and generating the distance image based on images
picked up by the two of the image pickup means disposed
at the relatively wide interval when the specified set dis-
tance is relatively large.
[0113] The control method for a vacuum cleaner as
described above, comprising the steps of, among three
of the image pickup means set so as to be disposed at
generally equal intervals, generating the distance image
based on images picked up by two of the image pickup
means disposed not adjacent with each other when the
specified set distance is relatively small, and generating
the distance image based on images picked up by two
of the image pickup means disposed adjacent with each
other when the specified set distance is relatively large.
[0114] The control method for a vacuum cleaner as
described above, comprising the steps of emitting a light
beam of a wavelength to be able to be picked up by the
image pickup means, and calculating a distance to a po-
sition on the object irradiated with the emitted light by
calculating a distance of the light beam in the image.
[0115] The control method for a vacuum cleaner as
described above, comprising the step of irradiating the
light beam within image pickup ranges overlapping with
each other of the plurality of image pickup means for
picking up images.
[0116] The control method for a vacuum cleaner as
described above, comprising the step of emitting a plu-
rality of light beams.
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Claims

1. A vacuum cleaner comprising:

a main casing;
a driving wheel for enabling the main casing to
travel;
control means for controlling drive of the driving
wheel to thereby make the main casing auton-
omously travel;
a plurality of image pickup means disposed
apart from each other in the main casing for pick-
ing up images on a traveling-direction side of
the main casing;
distance image generation means for generat-
ing a distance image of an object positioned on
the traveling-direction side based on the images
picked up by the plurality of image pickup
means; and
discrimination means for discriminating whether
or not the picked-up object is an obstacle based
on the distance image generated by the distance
image generation means.

2. The vacuum cleaner in accordance with claim 1,
wherein
the distance image generation means generates the
distance image by use of respective data within a
specified image range among data of the images
picked up by the plurality of image pickup means.

3. The vacuum cleaner in accordance with claim 1 or
claim 2, wherein
the discrimination means discriminates that, when
the object in the distance image generated by the
distance image generation means is positioned clos-
er than a specified set distance which is previously
set, the object is an obstacle.

4. The vacuum cleaner in accordance with claim 3,
wherein
the distance image generation means changes the
specified image range in accordance with the spec-
ified set distance.

5. The vacuum cleaner in accordance with claim 4,
wherein
the distance image generation means sets the spec-
ified image range relatively large when the specified
set distance is relatively small, and sets the specified
image range relatively small when the specified set
distance is relatively large.

6. The vacuum cleaner in accordance with any one of
claims 3 to 5, wherein
the distance image generation means sets the spec-
ified image range similar to an external shape of the
main casing in accordance with the specified set dis-

tance.

7. The vacuum cleaner in accordance with any one of
claims 3 to 6, wherein
upon discriminating that the object is an obstacle,
the discrimination means sets the specified set dis-
tance smaller to re-discriminate whether or not the
object is an obstacle.

8. The vacuum cleaner in accordance with claim 7,
wherein
when the discrimination means discriminates that
the object is an obstacle, the control means controls
the driving wheel to relatively reduce traveling speed
of the main casing, and
the discrimination means sets the specified set dis-
tance smaller to re-discriminate whether or not the
object is an obstacle in a state in which the traveling
speed of the main casing is relatively reduced by the
control means.

9. The vacuum cleaner in accordance with claim 7,
wherein
the control means makes the main casing swing
when the discrimination means discriminates that
the object is an obstacle, and
the discrimination means sets the specified set dis-
tance smaller to re-discriminate whether or not the
object is an obstacle, after the control means makes
the main casing swing.

10. The vacuum cleaner in accordance with any one of
claims 6 to 9, wherein
the control means stops the driving wheel to stop
traveling of the main casing when the discrimination
means re-discriminates that the object is an obsta-
cle.

11. The vacuum cleaner in accordance with any one of
claims 1 to 10, wherein
the discrimination means manages distance infor-
mation of the distance image as frequency data, and
also discriminates that the object is an obstacle when
a frequency of a distance closer than the specified
set distance is equal to or above a specified value.

12. The vacuum cleaner in accordance with any one of
claims 1 to 11, wherein
three or more of the image pickup means are set and
disposed so as to be distanced generally equally
from each other, and
the distance image generation means generates the
distance image based on an average value of dis-
tances to the object in the images picked up respec-
tively by two of the image pickup means disposed
adjacent with each other.

13. The vacuum cleaner in accordance with claim 12,
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wherein
three or more of the image pickup means are set so
as to include two disposed at a relatively narrow in-
terval and two disposed at a relatively wide interval,
the distance image generation means, when the
specified set distance is relatively small, generates
the distance image based on images picked up by
the two of the image pickup means disposed at the
relatively narrow interval, and when the specified set
distance is relatively large, generates the distance
image based on images picked up by the two of the
image pickup means disposed at the relatively wide
interval.

14. The vacuum cleaner in accordance with claim 13,
wherein
three of the image pickup means are set so as to be
disposed at generally equal intervals,
the distance image generation means, when the
specified set distance is relatively small, generates
the distance image based on images picked up by
two of the image pickup means disposed adjacent
with each other, and when the specified set distance
is relatively large, generates the distance image
based on images picked up by two of the image pick-
up means disposed not adjacent with each other.

15. The vacuum cleaner in accordance with any one of
claims 1 to 14, wherein the vacuum cleaner further
comprises light-emitting means for emitting a light
beam of a wavelength to be able to be picked up by
the image pickup means, and
the distance image generation means calculates a
distance to a position on the object irradiated with a
light emitted by the light-emitting means by calculat-
ing a distance of the light beam in the image.

16. The vacuum cleaner in accordance with claim 15,
wherein
the light-emitting means irradiates the light beam
within image pickup ranges overlapping with each
other of the plurality of image pickup means for pick-
ing up images.

17. The vacuum cleaner in accordance with claim 15 or
claim 16, wherein
the light-emitting means emits a plurality of light
beams.
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