EP 2 692 271 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 692 271 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
01.11.2017 Bulletin 2017/44
Application number: 12763029.1

Date of filing: 28.03.2012

(51)

(86)

(87)

Int Cl.:
A47L 9/28(2006.01)

International application number:
PCT/JP2012/058215

International publication number:
WO 2012/133571 (04.10.2012 Gazette 2012/40)

(54)

ELECTRIC VACUUM CLEANER
ELEKTRISCHER STAUBSAUGER
ASPIRATEUR ELECTRIQUE

(84)

(30)

(43)

(73)

Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 28.03.2011 JP 2011070745

Date of publication of application:
05.02.2014 Bulletin 2014/06

Proprietor: Toshiba Lifestyle Products & Services
Corporation
Ome-shi, Tokyo 198-8710 (JP)

(72)

(74)

(56)

Inventor: YOSHIOKA Tomokazu
Tokyo 105-8001 (JP)

Representative: O’Connell, David Christopher
Haseltine Lake LLP

Redcliff Quay

120 Redcliff Street

Bristol BS1 6HU (GB)

References cited:
JP-A- 2002 085 306
JP-A- 2008 000 390
US-A1- 2005 183 229

JP-A- 2007 117 146
US-A1- 2005 166 355

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 692 271 B1 2

Description
TECHNICAL FIELD

[0001] Embodiments described hereinrelate generally
to an electric vacuum cleaner including an air passage
communicating with a suction side of an electric blower.

BACKGROUND

[0002] Conventionally, an electric vacuum cleaner in-
cludes a cleaner main body housing an electric blower,
and is constituted such that an air passage into which
dust is sucked by driving of the electric blower commu-
nicates with a suction side of the electric blower. Such
an electric vacuum cleaner has been desired to have a
constitution in which it is possible to notify the perform-
ance level of cleaning in order to eliminate the tedious-
ness of cleaning for a user.

[0003] Forexample, a constitution in which a cleaning
operation is converted into a charge to be calculated on
the basis of information on a cleaning time and a cleaning
place, to notify the user is known.

[0004] Therefore, an electricvacuum cleaner has been
desired to have a constitution to more effectively notify
the performance level of cleaning to a user.

CITATION LIST
Patent Literature

[0005] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. 2004-272650 US2005/0166355 dis-
closes an electric vacuum cleaner having a sensor that
detects dust sucked by a suction nozzle.

SUMMARY OF INVENTION
Technical Problem

[0006] An object of the present invention is to provide
an electric vacuum cleaner capable of effectively notify-
ing the performance level of cleaning to a user.

Solution to Problem

[0007] An electric vacuum cleaner according to an em-
bodiment includes a cleaner main body housing an elec-
tric blower. Further, the electric vacuum cleaner includes
an air passage communicating with a suction side of the
electric blower. Moreover, the electric vacuum cleaner
includes a suction part movable on a surface to be
cleaned, the suction part partitioning a part of the air pas-
sage. Further, the electric vacuum cleaner includes a
dust amount detecting unit that detects a dust amount
passing through the inside of the air passage by driving
of the electric blower. Moreover, the electric vacuum
cleanerincludes a calculating unit that calculates a clean-
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ing

efficiency on the basis of an integrated amount of the
dust amount detected by the dust amount detecting unit,
a moving amount on the surface to be cleaned of the
suction part, and a moving time on the surface to be
cleaned of the suction part. And, the electric vacuum
cleaner includes a notifying unit which is capable of no-
tifying the cleaning efficiency calculated by the calculat-
ing unit.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a block diagram showing an internal struc-
ture of an electric vacuum cleaner according to a first
embodiment.

Fig. 2 is a vertical cross-sectional view showing a
part of the electric vacuum cleaner.

Fig. 3 is a perspective view showing the electric vac-
uum cleaner.

Fig. 4 is a flowchart showing an entire control of the
electric vacuum cleaner.

Fig. 5 is a flowchart showing a first control of the
electric vacuum cleaner.

Fig. 6 is a flowchart showing a second control of the
electric vacuum cleaner.

Fig. 7 is an explanatory diagram showing a notifica-
tion by a notifying unit of the electric vacuum cleaner.

Fig. 8 is a block diagram showing an internal struc-
ture of an electric vacuum cleaner according to a
second embodiment.

Fig. 9 is a flowchart showing an entire control of the
electric vacuum cleaner.

Fig. 10 is an explanatory diagram showing a notifi-
cation by a notifying unit of the electric vacuum clean-
er.

Fig. 11 is a block diagram showing an internal struc-
ture of an electric vacuum cleaner according to a
third embodiment.

Fig. 12is a flowchart showing an entire control of the
electric vacuum cleaner.

Fig. 13 is a block diagram showing an internal struc-
ture of an electric vacuum cleaner according to a
fourth embodiment.
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Fig. 14 is a top view showing the electric vacuum
cleaner.

Fig. 15 is a bottom view showing the electric vacuum
cleaner.

Fig. 16 is a flowchart showing a cleaning control of
the electric vacuum cleaner.

DETAILED DESCRIPRION

[0009] Hereinafter, a constitution of a first embodiment
will be described with reference to the drawings.

[0010] In Fig. 3, the reference numeral 11 denotes a
so-called canister type electric vacuum cleaner, and this
electric vacuum cleaner 11 includes a cleaner main body
12 and an air passage forming body 13 which is a tube
part, which is a separate body from the cleaner main
body 12, and is detachably connected to the cleaner main
body 12.

[0011] The cleaner main body 12 includes a hollow
main body case 15 capable of turning and traveling on a
surface to be cleaned, and a main body dust collecting
chamber (not shown) and an electric blower chamber are
partitioned in the front and back of the inside of the main
body case 15. Moreover, an electric blower 18 is housed
in the electric blower chamber, and a suction side of the
electric blower 18 communicates with the main body dust
collecting chamber. Further, a dust collecting part of a
filter, a dust collecting bag, a dust collecting device (a
dust collecting cup), and the like is disposed in the main
body dust collecting chamber. Then, in the front portion
of the main body case 15, a main body suction port 19
communicating with the main body dust collecting cham-
ber, to which a base end side of the air passage forming
body 13 is connected, is opened. Moreover, a display
unit20 such as a liquid crystal panel serving as a notifying
unit is disposed on the upper part of the main body case
15. In addition, hereinafter, a description will be made
given that a direction along a traveling direction of the
electric vacuum cleaner 11 (the cleaner main body 12)
is considered as a longitudinal direction, and the horizon-
tal direction (both-side direction) intersecting with (or-
thogonal to) the longitudinal direction is considered as a
width direction.

[0012] Further, the air passage forming body 13 has a
long-shaped hose body 21, an extension tube 22 detach-
ably connected to the hose body 21, and a floor brush
23 which is a suction port body as a suction part, which
is detachably connected to the extension tube 22, that
forms an air passage W communicating with the suction
side of the electric blower 18 inside thereof. In addition,
the air passage forming body 13 may be used so as to
detach the floor brush 23, for example, and may be used
so as to detach the floor brush 23 and the extension tube
22.

[0013] The hose body 21 integrally has a long tubular
hose main body 25, a connecting tube part 26 formed so
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as to communicate with the base end side (downstream
end side) which is one end side of the hose main body
25, and a hand operation part 27 which is formed so as
to communicate with the tip end side (upstream end side)
which is the other end side of the hose main body 25,
and, for example, is for gripping and operating the air
passage forming body 13.

[0014] The hose main body 25 is formed of flexible
synthetic resin or the like into a cylindrical accordion
shape, and wiring (not shown) for electrically connecting
the hand operation part 27 side and the cleaner main
body 12 side is attached internally and spirally outside
the air passage W.

[0015] The connecting tube part 26 is a portion to be
inserted to connect to the main body suction port 19, and
is cylindrically formed of synthetic resin or the like harder
than the hose main body 25. Further, in the connecting
tube part 26, terminals (not shown) electrically connected
to the wiring disposed inside the hose main body 25 are
disposed, and these terminals are electrically connected
to the cleaner main body 12 side due to the connecting
tube part 26 being inserted to connect to the main body
suction port 19.

[0016] Further, the hand operation part 27 is substan-
tially cylindrically formed of synthetic resin or the like
harder than the hose main body 25, and a grip part 37
which is gripped by a user is formed from the upstream
end side to the downstream end side in a projecting man-
ner. A plurality of set buttons 38 serving as a setting unit
for setting an operation of the electric blower 18 and the
like are disposed in the grip part 37.

[0017] Further, the floor brush 23 is capable of framing
apart (upper end side) of the air passage W, and includes
a connecting tube 41 whose one end side is communi-
catively connected to the tip end side (upstream end side)
of the extension tube 22, a horizontally long case body
42 which is connected to the other end side of the con-
necting tube 41 so as to be rotationally movable vertically
or circumferentially, or the like and traveling wheels or
the like (not shown) which are provided so as to be freely
rotatable to the case body 42, and ground a surface to
be cleaned to be driven to rotate to enable the floor brush
23 to move (travel) on the surface to be cleaned. More-
over, a suction port communicating with the other end
side of the connecting tube 41 is formed in the lower
portion of the case body 42 facing the floor surface. In
addition, a rotary brush serving as a rotary cleaning body
is disposed rotatably at the suction port of the floor brush
23, and a rotary motor or the like serving as a cleaning
body driving unit for rotary-driving the rotary brush may
be disposed inside the case body 42.

[0018] Next, the internal structure of the electric vacu-
um cleaner 11 will be described.

[0019] The electric vacuum cleaner 11 includes a con-
trol unit 45 such as a microcomputer which receives pow-
er feeding from a commercial AC power source e serving
as a power source part shown in Fig. 1 via a power cord
44 housed in the main body case 15 so as to be able to
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be pulled in and out. In addition, as a power source part,
for example, a battery such as a secondary battery built-
in the main body case 15 of the cleaner main body 12
may be used.

[0020] The control unit 45 includes an operation judg-
ing part 51 serving as an operation judging unit electri-
cally connected to the set buttons 38, a power control
part52 serving as a power control unitwhich s electrically
connected to the operation judging part 51, and controls
the operation of the electric blower 18, a processing part
54 serving as a processing unit which is electrically con-
nected to an optical sensor 53 serving as a dust amount
detecting unit that detects a dust amount passing through
the air passage W by the driving of the electricblower 18,
a dust amount integratingpart 55 serving as a dust
amount integrating unit electrically connected to the
processing part 54, adriving time integrating part 56 serv-
ing as a driving time integrating unit that detects a driving
time of the electric blower 18 (a time in which the electric
blower 18 is continuously driven from the start of driving),
a moving amount/time integrating part 57 serving as a
moving amount/time integrating unit that integrates a
moving amount (travel distance) on the surface to be
cleaned and its time of the floor brush 23, a suction time
integrating part 58 that integrates a suction time of actu-
ally sucking dust, a cleaning efficiency calculating part
59 serving as a calculating unit that calculates a cleaning
efficiency, and a display control part 60 serving as a no-
tifying control unit which is electrically connected to the
cleaning efficiency calculating part 59, and controls the
operation of the display unit 20, and the like. In addition,
the control unit 45 may include a cleaning body driving
unit control part or the like that controls driving of the
rotary motor or the like, for example, in the case where
the above-described rotary motor or the like is disposed
in the floor brush 23. Further, the respective parts com-
posing the control unit 45 may be respectively integrated
or separate bodies, and may be disposed at arbitrary
positions such as in the inside of the main body case 15
of the cleaner main body 12, for example.

[0021] The operation judging part 51 is to judge an op-
eration of the set buttons 38 by a user, to setan operation
mode of the electric blower 18 with respect to the power
control part 52 according to an operation of these set
buttons 38.

[0022] Further, the power control part 52 is capable of
controlling, for example, a phase angle of the electric
blower 18 via a control element (not shown) or the like
according to an operation mode set by the operation judg-
ing part 51.

[0023] Further, as shown in Figs. 1 and 2, the optical
sensor 53 includes a light-emitting part 61 serving as a
light-emitting unit that emits infrared light, for example,
and a light-receiving part 62 serving as a light-receiving
unit that receives the infrared light emitted by the light-
emitting part 61 at positions opposed to one another, and
it is possible to output a signal corresponding to a dust
amount passing through the air passage W to the
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processing part 54 in accordance with an amount of light
received by the light-receiving part 62 of the infrared light
from the light-emitting part 61.

[0024] The light-emitting part 61 has a light-emitting
element 61a such as an LED that outputs light such as
infrared light, and one and another light-emitting side
lenses 61b and 61c serving as light-emitting side light
guidingmembers that guide the light emitted from the
light-emitting element 61a into the air passage W.
[0025] The light-emitting element 61a is disposed
downward at the upper part of the main body suction port
19 of the main body case 15 of the cleaner main body
12, for example, and is constituted to output infrared light
downward thereof.

[0026] Further, the one light-emitting side lens 61b is
disposed on the inner surface of the main body suction
port 19 on the lower side that is the output side of infrared
light of the light-emitting element 61a.

[0027] Further, the other light-emitting side lens 61c is
disposed at a position opposed to the lower side of the
light-emitting element 61a (the light-emitting side lens
61b) in a state in which the connecting tube part 26 of
the air passage forming body 13 is connected to the main
body suction port 19. This other light-emitting side lens
61cis fit into a light-emitting side hole part 61d perforated
along the radial direction in the connecting tube part 26,
so as to airtightly seal the light-emitting side hole part
61d, and its one end side faces the light-emitting element
61a side (the light-emitting side lens 61b side) and the
other end side faces the inside of the air passage W. That
is, the air inside the air passage W does not flow out to
the outside of the air passage W from the light-emitting
side hole part 61d in any case.

[0028] Inthe same way, the light-receiving part 62 has
a light-receiving element 62a such as a phototransistor
that detects infrared light output from the light-emitting
part 61, and one and another light-receiving side lenses
62b and 62c serving as light-receiving side light guiding
members that guide the light output from the light-emit-
ting part 61 to the light-receiving element 62a.

[0029] The light-receiving element 62ais disposed up-
ward, i. e. , toward the light-emitting element 61a side at
the lower portion of the main body suction port 19 of the
main body case 15 of the cleaner main body 12, for ex-
ample, and is constituted to receive the infrared light out-
put from the light-emitting element 61a, to output a signal
corresponding to an amount of the light received.
[0030] Further, the one light-receiving side lens 62b is
disposed on the inner surface of the main body suction
port 19 on the upper side that is the input side of infrared
light with respect to the light-emitting element 62a.
[0031] Further, the other light-receiving side lens 62c
is disposed at a position opposed to the upper side of
the light-receiving element 62a (the light-receiving side
lens 62b) in a state in which the connecting tube part 26
of the air passage forming body 13 is connected to the
main body suction port 19. This other light-receiving side
lens 62c is fit into a light-receiving side hole part 62 d
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perforated along the radial direction in the connecting
tube part 26, so as to airtightly seal the light-receiving
side hole part 62d, and its one end side faces the light-
receiving element 62a side (the light-receiving side lens
62b side) and the other end side faces the inside of the
air passage W. That is, the air inside the air passage W
does not flow out to the outside of the air passage W from
the light-receiving side hole part 62d in any case.
[0032] Then, with respect to the optical sensor 53, in
the case where a dust amount passing through the inside
of the air passage W is relatively large (little), dust block-
ing the light emission from the light-emitting element61a
of the light-emitting part 61 increases (decreases), there-
by relatively decreasing (increasing) the amount of light
received by the light-receiving element 62a of the light-
receiving part 62. Therefore, itis possible to detect a dust
amount passing through the inside of the air passage W
according to an increase or a decrease in the amount of
light received.

[0033] Further, the processing part 54 has a light-emis-
sion control part 64 that controls a light-emission amount
or the like of the light-emitting element 61a of the light-
emitting part 61, and a light-reception processing part 65
that processes a signal from the light-receiving part 62,
and is electrically connected to the dust amount integrat-
ing part 55. Then, the light-reception processing part 65
is constituted to amplify a signal from the light-receiving
element 62a of the light-receiving part 62 which is output
according to the amount of light received, to output the
signal to the cleaning efficiency calculating part 59.
[0034] The dust amount integrating part 55 is to calcu-
late an integrated amount of the dust amount during driv-
ing of the electric blower 18 by integration of the signal
processed by the light-reception processing part 65 of
the processing part 54.

[0035] Further, the driving time integrating part 56 has
a function, for example, a timer or the like and is reset at
the start of driving of the electric blower 18, and integrates
a time in which the electric blower 18 is driven, or a time
until the stopping of the electric blower 18, to calculate
the time.

[0036] Further, the moving amount/time integrating
part 57 is electrically connected to a grounded detecting
part 67 and a moving amount detecting part 68 disposed
in the floor brush 23. The grounded detecting part 67 is
a switch or the like projected on the lower portion of the
case body 42 of the floor brush 23, and is turned on or
off by contacting the surface to be cleaned, to be able to
detect grounding of the surface to be cleaned. Further,
the moving amount detecting part 68 is a sensor or the
like which detects a rotation number or a rotational speed
or the like of the traveling wheel of the case body 42, for
example, to be able to detect a moving speed and dis-
tance ofthe floor brush 23. Then, the moving amount/time
integrating part 57 integrates the moving speed and dis-
tance of the floor brush 23 detected by the moving
amount detecting part 68 in a state in which the grounding
of the floor brush 23 is detected by the grounded detect-
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ing part 67, to calculate a moving amount on the surface
to be cleaned of the floor brush 23, and integrates time
in which the grounding of the floor brush 23 is detected
by the grounded detecting part 67, to calculate a moving
time on the surface to be cleaned of the floor brush 23.
[0037] Further, the suction time integrating part 58 has
a function, for example, a timer or the like and is reset at
the start of driving of the electricblower 18, andintegrates
a time in which a dust amount detected by the optical
sensor 53 is greater than or equal to a predetermined
amount set in advance, to calculate an actual (practical)
dust suction time.

[0038] Further, the cleaning efficiency calculating part
59 has a function of detecting attachment and detach-
ment of the floor brush 23 with respect to the air passage
W (Fig. 3), and is to calculate a cleaning efficiency on
the basis of an integrated amount of the dust amount
calculated by the dust amount integrating part 55, a mov-
ing amount and a moving time on the surface to be
cleaned of the floor brush 23 which are calculated by the
moving amount/time integrating part 57, a driving time of
the electric blower 18 calculated by the driving time inte-
grating part 56, a suction time calculated by the suction
time integrating part 58, and the like. Then, the cleaning
efficiency calculating part 59 is electrically connected to
a data storage part 69 such as a nonvolatile memory,
and calculates a current work efficiency index on the ba-
sis of an average value of previous several cleaning ef-
ficiencies in cleaning stored in the data storage part 69
or cleaning efficiencies, etc., in cleaning for a certain past
period.

[0039] In addition, as the function of detecting attach-
ment and detachment of the floor brush 23, a dedicated
detecting part may be provided to the control unit 45, or
may be included in any one of the other respective parts
in the control unit 45.

[0040] Further, the display control part 60 is to control
the display unit 20 so as to display a cleaning efficiency
and a work efficiency index calculated by the cleaning
efficiency calculating part 59.

[0041] Next, the operation of the first embodiment will
be described with reference to a flowchart shown in Fig.
4 as well.

[0042] When a user connects (plugs) a power cord 44
into a socket or the like of a wall surface in a state in
which the dust collecting part is attached to the inside of
the main body case 15 of the cleaner main body 12, a
power source (a voltage) is supplied (applied) from the
commercial AC power source e with respect to the control
unit 45.

[0043] Then, the control unit 45 is brought into a wait
state for operating input of the set buttons 38. That is,
the control unit 45 determines whether the electric vac-
uum cleaner 11 is started up, in other words, whether the
set button 38 for starting up the electric blower 18 has
been operated (by the operation judging part51) (Step 1).
[0044] In this Step 1, in the case where the control unit
45 determines that the electric vacuum cleaner 11 is not
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started up (the set button 38 has not been operated),
Step 1is repeated, and in the case where the control unit
45 determines thatthe electricvacuum cleaner 11 is start-
ed up (the set button 38 has been operated), the control
unit 45 starts up the electric vacuum cleaner 11 (the elec-
tric blower 18) in a set operation mode (by the power
control part 52) (Step 2), and determines whether the
floor brush 23 is connected to the air passage W (the tip
end (upstream end) of the extension tube 22) (by the
cleaning efficiency calculating part 59) (Step 3).

[0045] In this Step 3, in the case where the control unit
45 determines that the floor brush 23 is connected to the
air passage W, the first control shown in Fig. 5 is per-
formed (Step 4), and in the case where the control unit
45 determines that the floor brush 23 is not connected
to the air passage W, the second control shown in Fig.
6 is performed (Step 5). The dust sucked along with the
air into the air passage W by driving of the electric blower
18 passes through the air passage forming body 13 and
the main body suction port 19, to flow into the dust col-
lecting part, to be trapped in the dust collecting part. The
airwithwhich the dustis trapped is sucked into the electric
blower 18, to be discharged from the electric blower 18
while cooling the electric blower 18, to be discharged to
the outside of the main body case 15 of the cleaner main
body 12.

[0046] Then, after Step 4 and Step 5, the control unit
45 determines whether the electric vacuum cleaner 11
(electric blower 18) is stopped, in other words, whether
the set button 38 for stopping the electric blower 18 has
been operated (by the operation judging part 51) (Step
6). Then, in this Step 6, in the case where the control unit
45 determines that the electric vacuum cleaner 11 is not
stopped (the set button 38 has not been operated), the
process returns to Step 3, and in the case where the
control unit45 determines that the electric vacuum clean-
er 11 is stopped (the set button 38 has been operated),
the control unit 45 stops the electric blower 18 (by the
power control part 52) (Step 7), to complete the cleaning.
In addition, inthe presentembodiment, itis judged wheth-
er the floor brush 23 is connected or detached only at
the time of starting up the electric vacuum cleaner 11.
However, this judgment can be released in the first con-
trol and the second control at an arbitrary timing, and it
is possible to switch between the first control and the
second control according to a connection or a detach-
ment of the floor brush 23 judged at that time.

[0047] Next, the first control will be described with ref-
erence to a flowchart shown in Fig. 5 as well.

[0048] The control unit 45 clears a display on the dis-
play unit 20 (by the display control part 60) (Step 11),
andthen, the control unit 45 determines whether the elec-
tric vacuum cleaner 11 appropriately sucks the air, in
other words, whether the electric blower 18 is functioning
(Step 12).

[0049] In this Step 12, in the case where the control
unit 45 determines that the electric blower 18 is not func-
tioning, for example, a case where the electric vacuum
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cleaner 11 does not suck the air due to clogging, etc. ,
of the dust collecting part or a case where the air passage
W is blocked with foreign matter or the like, the process
returns to Step 12. In the case where the control unit 45
determines that the electric blower 18 is functioning, the
control unit 45 determines whether the floor brush 23 is
grounded on the surface to be cleaned (by the grounded
detecting part 67) (Step 13).

[0050] In this Step 13, in the case where the control
unit 45 determines that the floor brush 23 is not grounded
on the surface to be cleaned, the process returns to Step
13 (or Step 12), and in the case where the control unit
45 determines that the floor brush 23 is grounded on the
surface to be cleaned, the control unit 45 determines
whether the floor brush 23 is moving at a speed faster
than or equal to a predetermined speed set in advance
(by the moving amount detecting part 68) (Step 14).
[0051] Then, in this Step 14, in the case where the
control unit 45 determines that the floor brush 23 is not
moving at a speed faster than or equal to the predeter-
mined speed set in advance, the process returns to Step
13 (or Step 12), and in the case where the control unit
45 determinesthatthe floor brush 23 is moving at a speed
faster than or equal to the predetermined speed set in
advance, the control unit 45 integrates a moving amount
and a moving time on the surface to be cleaned of the
floor brush 23 (by the moving amount/time integrating
part 57) (Step 15).

[0052] Next, the control unit 45 determines whether
the dust amount detected by the optical sensor 53 is
greater than or equal to a predetermined amount set in
advance (Step 16). In this Step 16, in the case where the
control unit 45 determines that the dust amount detected
by the optical sensor 53 is greater than or equal to the
predetermined amount set in advance, the control unit
45 integrates the dust amount (by the dust amount inte-
grating part 55) (Step 17), and the process proceeds to
Step 18. Further, in this Step 16, in the case where the
control unit 45 determines that the dust amount detected
by the optical sensor 53 is not greater than or equal to
the predetermined amount set in advance, the process
directly proceeds to Step 18.

[0053] Then, the control unit 45 integrates a driving
time of the electric blower 18 (by the driving time inte-
grating part 56) (Step 18), and calculates a cleaning ef-
ficiency by the cleaning efficiency calculating part 59 on
the basis of the moving amount and the moving time on
the surface to be cleaned of the floor brush 23 integrated
in Step 15, and the integrated amount of the dust amount
integrated in Step 17 (Step 19). Specifically, given that
the integrated amount of the dust amount calculated by
the dust amount integrating part 55 is D, the moving
amount and the moving time on the surface to be cleaned
of the floor brush 23 calculated by the moving
amount/time integrating part 57 are respectively L, T1,
the cleaning efficiency calculating part 59 calculates a
cleaning efficiency H = D/(L*T1). Thereafter, the control
unit 45 determines whether an average value is stored
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in the data storage part 69 (Step 20). In this Step 20, in
the case where the control unit 45 determines that an
average value is stored in the data storage part 69, the
control unit 45 calculates a work efficiency index by the
cleaning efficiency calculating part 59, and controls the
display unit 20 (by the display control part 60), to display
the work efficiency index along with the cleaning efficien-
cy as showninFig.7 (Step 21), and the process proceeds
to Step 6. Specifically, the cleaning efficiency calculating
part 59 calculates a work efficiency index K = H/A given
that an average value of previous several cleaning effi-
ciencies in cleaning stored in the data storage part 69,
or cleaning efficiencies, etc., in cleaning for a certain past
period is A. On the other hand, in Step 20, in the case
where the control unit 45 determines that an average
value is not stored in the data storage part 69, the control
unit 45 controls the display unit 20 (by the display control
part 60), to display only the cleaning efficiency (Step 22),
and the process proceeds to Step 6.

[0054] Next, the second control shown in the above-
described Step 5 will be described with reference to a
flowchart shown in Fig. 6 as well.

[0055] After the processings of Step 31 and Step 32
which are the same as Step 11 and Step 12, the control
unit 45 integrates an actual dust suction time (by the suc-
tion time integrating part 58) (Step 33).

[0056] Next, the control unit 45 determines whether
the dust amount detected by the optical sensor 53 is
greater than or equal to a predetermined amount set in
advance (via the processing part 54) (Step 34). In this
Step 34, in the case where the control unit45 determines
that the dust amount detected by the optical sensor 53
is greater than or equal to the predetermined amount set
inadvance, the control unit 45 integrates the dust amount
(by the dust amount integrating part 55) (Step 35), and
the process proceeds to Step 3 6. Further, in this Step
34, in the case where the control unit 45 determines that
the dust amount detected by the optical sensor 53 is not
greater than or equal to the predetermined amount set
in advance, the process directly proceeds to Step 36.
[0057] Then, the control unit 45 integrates a driving
time of the electric blower 18 (by the driving time inte-
grating part 56) (Step 36), and calculates a cleaning ef-
ficiency by the cleaning efficiency calculating part 59 on
the basis of the suction time integrated in Step 33, the
integrated amount of the dust amount integrated in Step
35, and the driving time integrated in Step 36 (Step 37).
Specifically, given that the integrated amount of the dust
amount calculated by the dust amount integrating part
55 is D, the driving time of the electric blower 18 calcu-
lated by the driving time integrating part 56 is T2, and the
suction time calculated by the suction time integrating
part 58 is T3, the cleaning efficiency calculating part 59
calculates a cleaning efficiency H = D/(T2+T3). Thereaf-
ter, after the control unit 45 performs the controls in Steps
38 to 40 which are the same as the above-described
Steps 20 to 22, the process proceeds to Step 6.

[0058] Asdescribed above, in accordance with the first

10

15

20

25

30

35

40

45

50

55

embodiment, the cleaning efficiency calculating part 59
divides the integrated amount of the dust amount by a
product of the moving amount and the moving time of
the floor brush 23, to calculate a cleaning efficiency.
Therefore, with respect to the integrated amount of the
dust amount, the less the moving amount or the moving
time of the floor brush 23, the higher the calculated clean-
ing efficiency. Generally, at the time of cleaning a same
cleaning region, there is no large fluctuation in an inte-
grated amount of the dust amount. Therefore, the above-
described calculated cleaning efficiency may be anindex
of whether the cleaning region is efficiently cleaned up.
[0059] Further, the cleaning efficiency calculating part
59 divides an integrated amount of the dust amount by
a product of a driving time and an actual suction time of
the electric blower 18, to calculate a cleaning efficiency.
Therefore, with respect to the integrated amount of the
dustamount, the less the driving time or the actual suction
time of the electric blower 18, the higher the calculated
cleaning efficiency. Therefore, even in the case where
cleaning is carried out with the floor brush 23 being de-
tached, the above-described calculated cleaning effi-
ciency may be an index of whether the cleaning region
is efficiently cleaned up.

[0060] Next, a second embodiment will be described
with reference to Figs. 8 to 10. In addition, the same com-
ponents and operations as those in the first embodiment
described above are denoted with the same reference
numerals, and description thereof will be omitted.
[0061] According to this second embodiment, in the
above-described first embodiment, the electric vacuum
cleaner 11 includes a detecting unit 71 (Fig. 8) capable
of detecting a type of a cleaning region (cleaning area).
[0062] As the detecting unit 71, a sensor or the like
detecting a type of a cleaning region by reading a to-be-
detected member (not shown) such as a bar-code or an
IC tag, which is disposed at a specific position in each
cleaning region such as a room, at the time of passing
through it, is used.

[0063] Further, the detecting unit 71 is electrically con-
nected to a cleaning region judging part 72 serving as a
judging part of the control unit 45. The cleaning region
judging part 72 is electrically connected to the cleaning
efficiency calculating part 59, and judges a type of the
cleaning region detected by the detecting unit 71, and is
capable of outputting the judged result to the cleaning
efficiency calculating part 59.

[0064] Then, asinaflowchartshowninFig. 9, between
Step 2 and Step 3, the control unit 45 detects a type of
the cleaning region by the detecting unit 71, to judge the
type (by the cleaning region judging part 72) (Step 45).
As a result, in the first control and the second control
respectively, a cleaning efficiency or a work efficiency
index is displayed for each type of a cleaning region. For
example, in Fig. 10, cleaning efficiencies and work effi-
ciency indices of the respective cleaning regions are dis-
played so as to be arranged up and down.

[0065] In this way, in accordance with the second em-
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bodiment, a cleaning efficiency or a work efficiency index
is calculated by the cleaning efficiency calculating part
59 for each type of a cleaning region detected by the
detecting unit 71, and the calculated cleaning efficiency
or work efficiency index is displayed on the display unit
20, thereby accumulating data for each cleaning region
individually, which makes it possible to more reliably eval-
uate and notify the performance level of cleaning.
[0066] Further, because the detecting unit 71 automat-
ically detects a type of a cleaning region when a user
merely carries out cleaning, an input work or the like is
not necessary, which improves its convenience.

[0067] In addition, in the above-described second em-
bodiment, the detecting unit 71 may detect, for example,
a type of a surface to be cleaned, for example, which one
of a flooring, a carpet, a tatami and the like the surface
to be cleaned is, or may respectively detect a type and
a cleaning region of the surface to be cleaned. Then, the
same operation and effect as the second embodiment
described above can be obtained such that cleaning ef-
ficiencies or work efficiency indices are displayed on the
display unit 20 so as to correspond to each of at least
one of these detected types of the surfaces to be cleaned
and types of the cleaning regions.

[0068] Next, a third embodiment will be described with
reference to Figs. 11 and 12. In addition, the same com-
ponents and operations as those in each embodiment
described above are denoted with the same reference
numerals, and description thereof will be omitted.
[0069] According to this third embodiment, in the
above-described first embodiment, the electric vacuum
cleaner 11 includes a setting unit 75 (Fig. 11) by which
itis possible for a user to manually set a type of a cleaning
region (cleaning area).

[0070] The setting unit 75 is disposed, for example, at
the hand operation part 27 or on the upper part of the
main body case 15 of the cleaner main body 12, and is
electrically connected to the operation judging part 51 of
the control unit 45. The operation judging part 51 judges
respective setting operations of the set buttons 38 and
the setting unit 75, and outputs a result of the setting
operation of the set button 38 to the power control part
52, and outputs a result of the setting operation of the
setting unit 75 to the cleaning region judging part 72. The
cleaningregionjudging part 72 judges a type of the clean-
ing region detected by the setting unit 75, and is capable
of outputting the judged result to the cleaning efficiency
calculating part 59. For example, as the setting unit 75,
operation keys or the like with which a user determines
a name specified for each cleaning region as a number,
etc., to input it, is used.

[0071] Then, as in a flowchart shown in Fig. 12, be-
tween Step 2 and Step 3, the control unit 45 judges a
type of a surface to be cleaned input via the setting unit
75 by the user (by the operation judging part 51 and the
cleaning region judging part 72) (Step 47). As a result,
in the first control and the second control respectively, in
the same way as in the second embodiment described
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above, a cleaning efficiency or a work efficiency index is
displayed for each type of a cleaning region.

[0072] In this way, according to the third embodiment,
a cleaning efficiency or a work efficiency index is calcu-
lated by the cleaning efficiency calculating part 59 for
each type of a cleaning region input by the setting unit
75, and the calculated cleaning efficiency or work effi-
ciency index is displayed on the display unit 20, thereby
accumulating data for each cleaning region individually,
which makes it possible to more reliably evaluate and
notify the performance level of cleaning.

[0073] Further, because the user directly inputs a
cleaning region with the setting unit 75, it is possible to
more reliably judge the cleaning region.

[0074] In addition, in the third embodiment, the setting
unit 75 may allow input of a type of a surface to be
cleaned, for example, which of a flooring, a carpet, a tata-
mi, and the like the surface to be cleaned is, or may allow
respective input of a type and a cleaning region of the
surface to be cleaned. Then, the same operation and
effect as the third embodiment described above can be
obtained such that cleaning efficiencies or work efficiency
indices are displayed on the display unit 20 so as to cor-
respond to each of at least one of these set types of the
surfaces to be cleaned and types of the cleaning regions.
[0075] Further, in the respective embodiments de-
scribed above, the processings in Step 16 and Step 17
may be executed before the processings in Steps 13 to
15 described above. That is, it does not matter in which
order these processings in Steps 13 to 15 and the
processings in Step 16 and Step 17 are executed.
[0076] Then, according to at least one of the embodi-
ments described above, in a state in which the floor brush
23 is detached from the air passage W, the cleaning ef-
ficiency calculating part 59 calculates a cleaning efficien-
cy on the basis of a driving time of the electric blower 18,
an actual suction time in which dust greater than or equal
to a predetermined amount set in advance is sucked into
the air passage W, and an integrated amount of the dust
amount detected by the optical sensor 53. Therefore,
even in the case where cleaning is performed with the
floor brush 23 being detached, it is possible to effectively
notify the performance level of cleaning to the user in the
same way as in the case where cleaning is performed
by use of the floor brush 23.

[0077] Moreover, because it is possible to express a
performance level of cleaning by a user with the cleaning
efficiencies and the work efficiency indices described
above, to provide a sense of achievement, not only is it
possible to eliminate the tediousness of a cleaning op-
eration, but also it is possible to prompt an improvement
in cleaning efficiency or the like, which makes it possible
to contribute to energy saving.

[0078] Next, a fourth embodiment will be described
with reference to Figs. 13 to 16. In addition, the same
components and operations as those in each embodi-
ment described above are denoted with the same refer-
ence numerals, and description thereof will be omitted.
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[0079] The electric vacuum cleaner 11 of the fourth
embodiment is a so-called robot type (autonomous mov-
ing (autonomous travel) type) electric vacuum cleaner
including a cleaner main body 77 serving as a suction
part in place of the cleaner main body 12 and the air
passage forming body 13 (the floor brush 23) of the re-
spective embodiments described above.

[0080] Thatis, as shown in Figs. 13 to 16, the cleaner
main body 77 includes, for example, a hollow main body
case 81, the electric blower 18 housed in the main body
case 81, a dust collecting part 82 provided in the main
body case 81 so as to communicate with the suction side
of the electric blower 18, a plurality of driving wheels 83
serving as a driving part that makes the cleaner main
body 77 autonomously travel, that is, for autonomous
travel, a motor 84 serving as a driving unit that drives
these driving wheels 83, a turn wheel 85 which is turnably
attached to the lower portion of the main body case 81,
a plurality of sensors 86 serving as a detecting unit at-
tached to the main body case 81, the control unit 45, and
a secondary battery 87 which is a battery composing the
power source part. In addition, the cleaner main body 77
may be further equipped with a side brush or the like
serving as a turnable cleaning part at the lower portion
of the main body case 81. Further, with respect to the
cleaner main body 77, the vertical direction in Figs. 14
and 15, for example, is the longitudinal direction.
[0081] The mainbody case 81 is made of, forexample,
synthetic resin or the like, and formed in the shape of a
flat column (disk) or the like, and a suction port 91 as a
dust collection port, which is long in the width direction,
laterally long, is opened at a central part in the width
direction on a rear part side of a circular lower surface
81a. Further, the display unit 20, an operation part 92,
and the like are disposed, for example, in the central part
of the upper part of the main body case 81. The operation
part 92 is for a user to perform an input operation exter-
nally, and is composed of, for example, a touch panel or
the like.

[0082] The suction port 91 communicates with the dust
collecting part 82. A shaft-shaped rotary brush 93 as a
rotary cleaning body is axially supported rotatably on the
suction port 91 and is rotationally driven by a rotary motor
94 as a cleaning body driving unit installed in the main
body case 81.

[0083] In the rotary brush 93, for example, a plurality
of cleaning body parts are radially spirally projected in a
wall shape and attached on an outer circumferential sur-
face of a long shaft part. A lower side of the rotary brush
93 projects downward from the suction port 91 to the
lower surface 81a of the main body case 81, and tip ends
of the cleaning body parts positioned on the lower side
with the electric vacuum cleaner 11 laid on the surface
to be cleaned come into contact with the surface to be
cleaned.

[0084] The dust collecting part 82 traps dust which is
vacuumed from the suction port 91 by driving of the elec-
tric blower 18. The dust collecting part 82 may, for ex-
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ample, filtration-trap dust with use of, for example, a dust
collecting bag such as a paper pack or afilter, or separate
and trap dust by inertia separation such as centrifugal
separation (cyclone separation) or linear separation, and
can be arbitrarily constituted. Additionally, the dust col-
lecting part 82 is positioned on a rear part of the main
body case 81 above the suction port 91 and can be de-
tachable from the main body case 81. Moreover, the op-
tical sensor 53 is disposed at a position between the dust
collecting part 82 and the suction port 91.

[0085] At least a lower part of each driving wheel 83
projects downward from the lower surface 81a ofthe main
body case 81, comes into contact with the surface to be
cleaned with the electric vacuum cleaner 11 laid on the
surface to be cleaned and is rotatable. Additionally, the
driving wheels 83 are positioned, for example, in front of
the suction port 91, on both sides of an approximately
central part of the main body case 81 in the longitudinal
direction, and rotate along the longitudinal direction.
[0086] The motors 84 are arranged so as to, for exam-
ple, respectively correspond to the driving wheels 83,
and can respectively make the driving wheels 83 inde-
pendently drive. The motor 84 may be directly connected
to each driving wheel 83, or connected to each driving
wheel 83 via a transmitting unit (not shown) such as a
gear or a belt.

[0087] The turn wheel 85 is positioned at an approxi-
mately central part of the main body case 81 in the width
direction in the front of the main body case 81 and is a
driven wheel turnable along the surface to be cleaned.
[0088] Further, the sensor 86 is a ranging sensor, for
example, an ultrasonic sensor or an infrared ray sensor
or the like, or a contact sensor which directly contacts an
obstacle to be a bumper, or the like. The sensor 86 is
disposed in a front portion, a side portion, or a lower por-
tion and the like of the cleaner main body 77 (the main
body case 81), and is capable of respectively detecting
the presence or absence of an obstacle (a wall) in front
of the cleaner main body 77 (the main body case 81), an
obstacle (a wall) on a side, or an obstacle (a stage) in
the lower portion and the like, and distances between
those and the cleaner main body 77 (the main body case
81), and the like.

[0089] Further, the control unit 45 is electrically con-
nected to the electric blower 18, the rotary motor 94, the
respective motors 84, the sensor 86, and the like, and is
capable of controlling driving of the electric blower 18,
the rotary motor 94, the respective motors 84, and the
like on the basis of detected results by the sensor 86.
Moreover, a plurality of cleaning modes of the electric
vacuum cleaner 11 are set in the control unit 45, and
these cleaning modes can be selected by an external
input of the operation part 92 by a user. As these cleaning
modes, for example, a normal cleaning mode which is a
main cleaning mode in which an entire cleaning region
is cleaned while autonomously moving (autonomously
traveling), a careful cleaning mode which is an intensive
cleaning mode in which an entire cleaning region is
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cleaned several times, for example, twice while autono-
mously moving (autonomously traveling), a partial clean-
ing mode in which only a predetermined place of a clean-
ing region is spot-cleaned, and the like are stored in ad-
vance. In addition, in a careful cleaning mode, cleaning
may be more effectively carried out such that a moving
(traveling) pattern of the electric vacuum cleaner 11 (the
cleaner main body 77) may be changed in a direction or
the like in which the patterns, for example, may be inter-
sected with (orthogonal to) one another every time of
cleaning (the first cleaning time and the second cleaning
time).

[0090] Then, the control unit 45 includes, in addition to
the power control part 52, the processing part 54, the
dust amountintegrating part 55, the driving time integrat-
ing part 56, the moving amount/time integrating part 57,
the suction time integrating part 58, the cleaning efficien-
cy calculating part 59, the display control part 60, the
data storage part 69, and the like which are described
above, an operation judging part 96 electrically connect-
ed to the operation part 92, a rotary motor control part
97 serving as a cleaning body driving unit control part or
the like that controls operation of the rotary motor 94, a
travel control part 98 serving as a movement control part
that controls a movement (travel) of the electric vacuum
cleaner 11 (the cleaner main body 77) by controlling op-
erations of the respective motors 84, and a travel
processing part 99 electrically connected to the sensor
86, and the like. In addition, the respective parts com-
posing the control unit 45 may be respectively integrated
or separate bodies, and, for example, may be disposed
at arbitrary positions such as the inside of the main body
case 15 of the cleaner main body 12.

[0091] The operation judging part 96 is to judge an op-
eration of the operation part 92, to set a cleaning mode
with respect to the power control part 52, the rotary motor
control part 97, and the travel control part 98.

[0092] Further, the rotary motor control part 97 is ca-
pable of controlling, for example, a phase angle of the
rotary motor 94 via a control element (not shown) or the
like according to a cleaning mode set by the operation
judging part 96.

[0093] Further, the moving amount/time integrating
part57 is electrically connected to the rotary motor control
part 97, for example, and is a sensor or the like serving
as a rotation number detecting unit that detects a rotation
number or a rotational speed, or the like of the rotary
motor 94 (the driving wheels 83) driven by the rotary mo-
tor control part 97 in a grounded state on a surface to be
cleaned, to be able to detect a moving speed and a dis-
tance of the electric vacuum cleaner 11 (the cleaner main
body 77). Then, the moving amount/time integrating part
57 integrates the detected moving speed and distance
of the electric vacuum cleaner 11 (the cleaner main body
77), to calculate a moving amount on the surface to be
cleaned of the electric vacuum cleaner 11 (the cleaner
main body 77), and calculate a moving time on the sur-
face to be cleaned of the electric vacuum cleaner 11 (the
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cleaner main body 77). In addition, it is possible to detect
whether the respective driving wheels 83 are grounded
on the surface to be cleaned by detecting a load current
value of the rotary motor 94, for example, or by separately
providing a grounded detecting part on the lower surface
81a of the main body case 81 or the like.

[0094] Further, the cleaning efficiency calculating part
59 is to calculate a cleaning efficiency on the basis of an
integrated amount of the dust amount calculated by the
dust amount integrating part 55, a moving amount and a
moving time on the surface to be cleaned of the electric
vacuum cleaner 11 (the cleaner main body 77) which are
calculated by the moving amount/time integrating part
57, a driving time of the electric blower 18 calculated by
the driving time integrating part 56, and a suction time
calculated by the suction time integrating part 58, and
the like.

[0095] Further, the secondary battery 87 is to supply
power to the control unit 45, the electric blower 18, the
rotary motor 94, the respective motors 84, the sensor 86,
and the like. The secondary battery 87 is disposed at a
position behind the turn wheel 85, for example. Then, the
secondary battery 87 is electrically connected to charging
terminals 101 and 101 located at the lower surface 81a
of the main body case 81 on both sides of the turn wheel
85. When the charging terminals 101 and 101 are con-
nected to a predetermined charging stand (not shown)
installed at a predetermined position or the like indoors
(room), for example, it is possible to charge the second-
ary battery 87.

[0096] Next, the operation of the fourth embodiment
will be described with reference to a flowchart shown in
Fig. 16 as well.

[0097] When the electric vacuum cleaner 11 is brought
into a state of starting up in a state in which a user has
turned on a power switch (not shown), or in a case where
it reaches a predetermined time set in advance in a state
in which the power switch has been turned on or the like,
the control unit 45 starts up the electric blower 18 in a
set cleaning mode (by the power control part 52) (Step
51), and drives the driving wheels 83 and 83 by driving
the motors 84 and 84 (by the travel control part 98) while
processing the information such as distances from ob-
stacles detected by the sensor 86 (by the travel process-
ing part 99), to make the electric vacuum cleaner 11 (the
cleaner main body 77) autonomously move (autono-
mously travel) according to the set cleaning mode (Step
52).

[0098] Next, the control unit 45 clears a display on the
display unit 20 (by the display control part 60) (Step 53),
and the control unit 45 determines whether the electric
vacuum cleaner 11 appropriately sucks the air, in other
words, whether the electric blower 18 is functioning (Step
54).

[0099] In this Step 54, in the case where the control
unit 45 determines that the electric blower 18 is not func-
tioning, for example, a case where the electric vacuum
cleaner 11 does not suck the air due to clogging, etc., of
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the dust collecting part 82 or a case where the suction
port 91 is blocked with foreign matter or the like, the proc-
ess returns to Step 54. In the case where the control unit
45 determines that the electric blower 18 is functioning,
the control unit 45 determines whether the electric vac-
uum cleaner 11 (the cleaner main body 77) is moving at
a speed faster than or equal to a predetermined speed
setin advance (by the moving amount detecting part 68)
(Step 55). In addition, the dust sucked along with the air
from the suction port 91 by driving of the electric blower
18 is trapped in the dust collecting part 82. The air with
whichthe dustis trapped is sucked into the electric blower
18, to be discharged from the electric blower 18 while
cooling the electric blower 18, to be discharged to the
outside of the main body case 81 of the cleaner main
body 77.

[0100] Then, in Step 55, in the case where the control
unit 45 determines that the electric vacuum cleaner 11
(the cleaner main body 77) is not moving at the speed
faster than or equal to the predetermined speed set in
advance, the process is returned to Step 55 (or Step 54),
and in the case where the control unit 45 determines that
the electric vacuum cleaner 11 (the cleaner main body
77) is moving at the speed faster than or equal to the
predetermined speed set in advance, the control unit 45
integrates the moving amount and the moving time on
the surface to be cleaned of the electric vacuum cleaner
11 (the cleaner main body 77) (by the moving
amount/time integrating part 57) (Step 56).

[0101] Next, the control unit 45 determines whether
the dust amount detected by the optical sensor 53 is
greater than or equal to a predetermined amount set in
advance (Step 57). In this Step 57, in the case where the
control unit 45 determines that the dust amount detected
by the optical sensor 53 is greater than or equal to the
predetermined amount set in advance, the control unit
45 integrates a dust amount (by the dust amount inte-
grating part 55) (Step 58), and integrates a driving time
of the electric blower 18 (by the driving time integrating
part 56) (Step 59). Further, in this Step 57, in the case
where the control unit45 determines that the dust amount
detected by the optical sensor 53 is not greater than or
equal to the predetermined amount set in advance, the
process directly proceeds to Step 59.

[0102] Then, the control unit 45 determines whether
the electric vacuum cleaner 11 (the electric blower 18)
is continuously driven (Step 60), and in the case where
the control unit 45 determines that the electric vacuum
cleaner 11 (the electric blower 18) is continuously driven,
the process returns to Step 54. Further, in this Step 60,
in the case where the control unit 45 determines that the
driving is completed, the control unit 45 stops the electric
blower 18, and moves the electric vacuum cleaner 11
(the cleaner main body 77) to the charging stand, and
completes the cleaning in a state in which the charging
terminals 101 and 101 are connected to the charging
stand (Step 61). Next, the control unit 45 calculates a
cleaning efficiency by the cleaning efficiency calculating
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part59 on the basis of the movingamount and the moving
time on the surface to be cleaned of the electric vacuum
cleaner 11 (the cleaner main body 77) integrated in Step
56, and the integrated amount of the dust amount inte-
grated in Step 58 (Step 62). Because a method for cal-
culating a cleaning efficiency in Step 62 is the same as
that in the above-described Step 19, this will be omitted.
Thereafter, the control unit 45 determines whether an
average value is stored in the data storage part 69 (Step
63). In this Step 63, in the case where the control unit 45
determines that an average value is stored in the data
storage part 69, the control unit 45 calculates a work ef-
ficiency index by the cleaning efficiency calculating part
59, and controls the display unit 20 (by the display control
part 60), to display the work efficiency index along with
the cleaning efficiency (Step 64). Because a method for
calculating a work efficiency index in Step 64 is the same
as that in the above-described Step 21, this will be omit-
ted. On the other hand, in Step 63, in the case where the
control unit 45 determines that an average value is not
stored in the data storage part 69, the control unit 45
controls the display unit 20 (by the display control part
60), to display only the cleaning efficiency (Step 65).

[0103] Inthis way, according to the fourthembodiment,
the cleaning efficiency calculating part 59 divides the in-
tegrated amount of the dust amount by a product of the
moving amount and the moving time of the cleaner main
body 77, to calculate a cleaning efficiency. Therefore,
with respect to the integrated amount of the dust amount,
the less the moving amount or the moving time of the
cleaner main body 77, the higher the calculated cleaning
efficiency. Generally, at the time of cleaning a same
cleaning region, there is no large fluctuation in an inte-
grated amount of dust amount. Therefore, the above-
described calculated cleaning efficiency may be anindex
of whether the cleaning region is efficiently cleaned up.
[0104] Moreover, because it is possible to express a
performance level of cleaning with the cleaning efficien-
cies and the work efficiency indices described above, it
is possible to prompt a user to improve the cleaning ef-
ficiency or the like by changing the setting for a cleaning
mode or the like, which makes it possible to contribute
to energy saving. That s, in the case where the cleaning
efficiency in, for example, a careful cleaning mode is rel-
atively low, or in the case where the cleaning efficiency
in a normal cleaning mode is relatively low, it is possible
to determine that an autonomous moving distance of the
cleaner main body 77 is inefficient. Therefore, it is pos-
sible to increase a cleaning efficiency by changing the
setting of a cleaning mode, such as by setting to a normal
cleaning mode, or by setting to a partial cleaning mode,
and itis possible to select an appropriate cleaning mode.
[0105] In addition, in the fourth embodiment described
above, a cleaning mode may be, not only selected from
the modes stored in advance, but also set arbitrarily by
a user, for example. Further, not only setting of a moving
(traveling) pattern of the cleaner main body 77, but also
setting, etc., of an input (an operation mode) of the elec-
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tric blower 18 may be included in the setting of a cleaning
mode.

[0106] Moreover, in the same way as in the second
and third embodiments, the invention may be constituted
so that a type of a cleaning region (cleaning area) is au-
tomatically detected or manually input by a user, to cal-
culate a cleaning efficiency or a work efficiency index for
each type of a cleaning region by the cleaning efficiency
calculating part 59, and the calculated cleaning efficiency
or work efficiency index may be displayed on the display
unit 20. In this case as well, the same operation and effect
as the second and third embodiments described above
can be obtained.

[0107] Then, the constitution in which the electric vac-
uum cleaner 11 (the cleaner main body 77) autonomous-
ly moves (autonomously travels) may include not only
the constitution in which the electric vacuum cleaner 11
(the cleaner main body 77) moves (travels) while detect-
ing an obstacle or the like by the sensor 86, but also a
constitution (self-traveling constitution) in which the elec-
tric vacuum cleaner 11 (the cleaner main body 77) auto-
matically moves (travels) along a moving (traveling) pat-
tern set in advance, for example, and the like.

[0108] Further, the electric vacuum cleaner 11 (the
cleaner main body 77) autonomously moving (autono-
mously traveling) may be manually operated by use of a
remote controller or the like.

[0109] Then, according to at least one of the embodi-
ments described above, a cleaning efficiency is calculat-
ed by the cleaning efficiency calculating part 59 on the
basis of an integrated amount of the dust amount detect-
ed by the optical sensor 53, a moving amount on a surface
to be cleaned of the floor brush 23 or the cleaner main
body 77, and a moving time on the surface to be cleaned
of the floor brush 23 or the cleaner main body 77, and
the calculated cleaning efficiency is displayed on the dis-
play unit 20, thereby it is possible to effectively notify the
performance level of cleaning to a user with this cleaning
efficiency.

[0110] Moreover, when there is an average value of
previous several cleaning efficiencies in cleaning stored
in the data storage part 69 or cleaning efficiencies, etc.,
in cleaning for a certain past period, the cleaning efficien-
cy calculating part 59 divides the cleaning efficiencies by
the average value to calculate a work efficiency index,
and the calculated work efficiency index is displayed on
the display unit 20, thereby it is possible to allow a user
to recognize whether the cleaning efficiency is improved
as compared with that in the past cleaning, which makes
it possible to more effectively notify the performance level
of cleaning to the user.

[0111] In addition, in the respective embodiments, the
display unit 20 displays the cleaning efficiencies and the
work efficiency indices during cleaning respectively in
realtime. However, the display unit 20 may be constituted
to display those at the completion of cleaning, i.e., when
stopping the electric blower 18 (the electric vacuum
cleaner 11).
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[0112] Further, as a notifying unit, not only the display
unit 20 which visually displays, but also a notifying unit
that acoustically notifies with sound or the like, for exam-
ple, or a combination, etc., thereof may be used.

[0113] Moreover, the control unit45 may automatically
control input of the motors of the electric blower 18 or the
floor brush 23 so as to correspond to a dust amount de-
tected by the optical sensor 53.

[0114] Then, a large or small measure of the dust
amount detected by the optical sensor 53 may be dis-
played on the display unit 20, etc., during driving or the
like of the electric blower 18.

[0115] Moreover, the electric vacuum cleaner 11 is not
limited to a canister type or a robot type, and an upright
type having the floor brush 23 connected to the lower
portion of the cleaner main body 12 or a handy-type may
be used in response thereto.

Claims
1. An electric vacuum cleaner (11) comprising:

a cleaner main body (12, 77) housing an electric
blower (18);

an air passage (W) communicating with a suc-
tion side of the electric blower (18);

a suction part (23, 77) movable on a surface to
be cleaned, the suction part partitioning a part
of the air passage (W); and

a dust amount detecting unit (53) that detects a
dust amount passing through an inside of the air
passage (W) by driving of the electric blower
(18); characterized by:

a calculating unit (59) that calculates a
cleaning efficiency on the basis of an inte-
grated amount of the dust amount detected
by the dust amount detecting unit (53), a
moving amounton the surface to be cleaned
of the suction part (23, 77), and a moving
time on the surface to be cleaned of the suc-
tion part (23, 77); and

a notifying unit (20) which is capable of no-
tifying the cleaning efficiency calculated by
the calculating unit (59).

2. The electric vacuum cleaner according to Claim 1,
wherein
the suction part is the cleaner main body (77) which
is capable of autonomously moving on the surface
to be cleaned.

3. The electric vacuum cleaner according to Claim 1,
wherein
the suction part is a suction port body (23) which is
a separate body from the cleaner main body (12) to
partition a part of the air passage, and is capable of
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moving on the surface to be cleaned.

The electric vacuum cleaner according to Claim 3,
wherein

the suction port body (23) is detachable from the air
passage (W), and

in a state in which the suction port body (23) is de-
tached from the air passage (W), the calculating unit
calculates a cleaning efficiency on the basis of a driv-
ing time of the electric blower (18), a suction time in
which dust greater than or equal to a predetermined
amount setin advance is sucked into the air passage
(W), and an integrated amount of the dust amount
detected by the dust amount detecting unit (53).

The electric vacuum cleaner according to any one
of Claims 1 to 4, further comprising a detecting unit
(71) which is capable of detecting at least one of a
type of the surface to be cleaned and a type of a
cleaning region, wherein

the calculating unit (59) calculates cleaning efficien-
cies so as to correspond to each of at least one of
the type of the surface to be cleaned and the type of
the cleaning region, which is detected by the detect-
ing unit; and

the notifying unit (20) is capable of notifying the re-
spective cleaning efficiencies calculated by the cal-
culating unit.

The electric vacuum cleaner according to any one
of Claims 1 to 5, further comprising a setting unit (75)
which is capable of setting at least one of a type of
the surface to be cleaned and a type of the cleaning
region, wherein

the calculating unit (59) calculates cleaning efficien-
cies so as to correspond to each of at least one of
the type of the surface to be cleaned and the type of
the cleaning region, which is set by the setting unit;
and

the notifying unit (20) is capable of notifying the re-
spective cleaning efficiencies calculated by the cal-
culating unit.

Patentanspriiche

Elektrischer Staubsauger (11), aufweisend:

einen Staubsaugergrundkérper (12, 77), in dem
ein elektrisches Geblase (18) untergebracht ist;
einen Luftkanal (W), der mit einer Saugseite des
elektrischen Geblases (18) strdmungsmaRig
verbunden ist;

ein Saugteil (23, 77), das sich auf einer zu rei-
nigenden Flache bewegen lasst, wobei das
Saugteil einen Teil des Luftkanals (W) aufteilt;
und

eine Staubmengenerfassungseinheit (53), die
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eine Staubmenge erfasst, die einen Innenraum
des Luftkanals (W) durch Antreiben des elektri-
schen Geblases (18) durchquert; gekennzeich-
net durch:

eine Berechnungseinheit (59), die eine Rei-
nigungseffizienz auf der Grundlage eines
integrierten Betrages der Staubmenge, die
durch die Staubmengenerfassungseinheit
(53) erfasst ist, eines Bewegungsbetrags
des Saugteils (23, 77) auf der zu reinigen-
den Flache und einer Bewegungszeit des
Saugteils (23, 77) auf der zu reinigenden
Flache berechnet; und

eine Meldeeinheit (20), die in der Lage ist,
die Reinigungseffizienz zu melden, die
durch die Berechnungseinheit (59) berech-
net ist.

2. Elektrischer Staubsauger nach Anspruch 1, wobei

das Saugteil der Staubsaugergrundkérper (77) ist,
der in der Lage ist, sich autonom auf der zu reini-
genden Flache zu bewegen.

Elektrischer Staubsauger nach Anspruch 1, wobei
das Saugteil ein Sauganschlusskérper (23) ist, der
einKorperist, der von dem Staubsaugergrundkdrper
(12) unabhangig ist, um einen Teil des Luftkanals
aufzuteilen, und der in der Lage ist, sich auf der zu
reinigenden Flache zu bewegen.

Elektrischer Staubsauger nach Anspruch 3, wobei
der Sauganschlusskorper (23) von dem Luftkanal
(W) abnehmbar ist, und

die Berechnungseinheit in einem Zustand, in dem
der Sauganschlusskorper (23) von dem Luftkanal
(W) abgenommen ist, eine Reinigungseffizienz auf
der Grundlage einer Antriebszeit des elektrischen
Geblases (18), einer Saugzeit, in der Staub in einer
Menge, die gréRer oder gleich einer im Voraus ein-
gestellten vorbestimmten Menge ist, in den Luftkanal
(W) eingesaugt wird, und eines integrierten Betrags
der Staubmenge, die durch die Staubmengenerfas-
sungseinheit (53) erfasst ist, berechnet.

Elektrischer Staubsauger nach einem beliebigen der
Anspriiche 1bis 4,ferner mit einer Erfassungseinheit
(71), die in der Lage ist, wenigstens eines von einer
Art der zu reinigenden Flache und einer Arzt eines
Reinigungsgebiets zu erfassen, wobei

die Berechnungseinheit (59) Reinigungseffizienzen
berechnet, um jeder von wenigstens einer von der
Art der zu reinigenden Flache und der Art des Rei-
nigungsgebiets zu entsprechen, die durch die Erfas-
sungseinheit erfasst ist; und

die Meldeeinheit (20) in der Lage ist, die entspre-
chenden Reinigungseffizienzen zu melden, die
durch die Berechnungseinheit berechnet sind.
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Elektrischer Staubsauger nach einem beliebigen der
Anspriche 1 bis 5, ferner mit einer Einstelleinheit
(75), die in der Lage ist, wenigstens eine von einer
Art der zu reinigenden Flache und einer Arzt des
Reinigungsgebiets einzustellen, wobei

die Berechnungseinheit (59) Reinigungseffizienzen
berechnet, um jeder von wenigstens einer von der
Art der zu reinigenden Flache und der Arzt des Rei-
nigungsgebiets zu entsprechen, die durch die Ein-
stelleinheit eingestellt ist; und

die Meldeeinheit (20) in der Lage ist, die entspre-
chenden Reinigungseffizienzen, die durch die Be-
rechnungseinheit berechnet sind, zu melden.

Revendications

1.

2,

Un aspirateur électrique (11) comprenant :

un corps principal d’aspirateur (12, 77) abritant
un souffleur électrique (18) ;

un passage d’air (W) communiquant avec un
coté d’aspiration du souffleur électrique (18);
une piéce d’'aspiration (23, 77) mobile sur une
surface a nettoyer, la piece d’aspiration divisant
une partie du passage d’air (W); et

une dispositif de détection de quantité de pous-
siere (53) qui détecte une quantité de poussiéere
en passant par l'intérieur du passage d’air (W)
en entrainant le souffleur électrique (18) ; ca-
ractérisé en ce que :

une dispositif de calcul (59) qui calcule une
efficacité de nettoyage sur la base d’'une
quantité intégrée de poussiere quantité dé-
tectée par le dispositif de détection de la
quantité de poussiére (53), une quantité en
mouvement sur la surface a nettoyer de la
piece d’aspiration (23, 77), et un temps de
déplacement sur la surface a nettoyer de la
piece d’aspiration (23, 77) ; et un dispositif
de notification (20) qui est capable d’en-
voyer une notification sur I'efficacité de net-
toyage calculée par le dispositif de calcul
(59).

L’aspirateur électrique selon larevendication 1, dans
laquelle la piece d’aspiration est le corps principal
de l'aspirateur (77) qui est capable de se déplacer
de maniere autonome sur la surface a nettoyer.

L’aspirateur électrique selon larevendication 1, dans
laquelle la piéce d’aspiration est un corps du port
d’aspiration (23) qui est un corps séparé du corps
principal de l'aspirateur (12) servant a la partition
d’une partie du passage d’air, et est capable de se
déplacer sur la surface a nettoyer.
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4.

L’aspirateur électrique selon larevendication 3, dans
laquelle le corps du port d’aspiration est détachable
du passage d’air (W), et dans un état dans lequel le
corps du port d’aspiration (23) est détaché du pas-
sage d’air (W), le dispositif de calcul calcule une ef-
ficacité de nettoyage sur la base d’'un temps d’en-
trainement du souffleur électrique (18), un temps
d’aspiration dans lequel la poussiére supérieure a
ou égale a une quantité prédéterminée réglée a
I'avance est aspirée dans le passage d’air (W), et
une quantité intégrée de quantité de poussiere dé-
tectée par le dispositif de détection de la quantité de
poussiere (53).

L’aspirateur électrique selon 'une quelconque des
revendications 1 a 4, comprenant en outre une unité
de détection (71) qui est capable de détecter au
moins un type de surface a nettoyer

et un type de zone de nettoyage, dans laquelle le
dispositif de calcul (59) calcule les efficacités de net-
toyage de maniéere a correspondre a chacun d’au
moins un type de la surface a nettoyer et le type de
la zone de nettoyage, qui est détectée par le dispo-
sitif de détection ; et

le dispositif de notification (20) est capable d’envoyer
une notification sur les efficacités de nettoyage res-
pectives calculées par le dispositif de calcul.

L’aspirateur électrique selon I'une quelconque des
revendications 1 a 5, comprenant en outre un dis-
positif de réglage (75) qui est capable de régler au
moins un type de surface a nettoyer et un type de la
zone de nettoyage, dans laquelle le dispositif de cal-
cul (59) calcule les efficacités de nettoyage de ma-
niére a correspondre a chacun d’au moins un type
de la surface a nettoyer et le type de la zone de
nettoyage, qui est défini par le dispositif de réglage ;
et

le dispositif de notification (20) est capable d’envoyer
une notification sur les efficacités de nettoyage res-
pectives calculées par le dispositif de calcul.



EP 2 692 271 B1

38
(
SET
BUTTON
58 51 52 45
| ( T
SUCTION TIME OPERATION POWER CONTROL M
INTEGRATING PART JUDGING PART PART
56 59 60 20
( ( ( (
DRIVING TIME DISPLAY CONTROL DISPLAY
INTEGRATING PART PART UNIT
CLEANING EFFICIENCY
CALCULATING PART
DUST AMOUNT
INTEGRATING PART |——1— 55
69~ DATA
STORAGE PROCESSING PART | 54
o7 = B | [ 65
( 64 CONTROL PROCESSING
MOVING AMOUNT/TIME PART PART
INTEGRATING PART
GROUNDED m&lﬂm LIGHT- LIGHT-
DETEGTING| | ,AMOUNT . EMITTING RECEIVING
PART PART PART
{ ( \ \ (
67 68 23 61 62 53

FIG. 1

15



EP 2 692 271 B1

12(15)~

61

61a

61c

26
(

21(13)

y

62

FIG. 2

16



EP 2 692 271 B1

17

FIG. 3



EP 2 692 271 B1

IS IT STARTED

START-UP

IS FLOOR BRUSH
CONNECTED?

FIRST SEGOND
CONTROL CONTROL

NO

IS IT STARTED?

STOP

END

FIG. 4

18



EP 2 692 271 B1

FIRST
CONTROL

11 !
CLEAR
DISPLAY

(2

SUCTION?

GROUNDED?

NO

PREDETERMINED
SPEED OR MORE?

15

INTEGRATE MOVING
AMOUNT AND
MOVING TIME

IS DUST AMOUNT
GREATER THAN OR EQUAL
TO PREDETERMINED
AMOUNT?

17

INTEGRATE DUST
AMOUNT

18

INTEGRATE
DRIVING TIME

19

CALCULATE
CLEANING
EFFICIENCY

21

- CALCULATE WORK DISPLAY CLEANING
EFFICIENCY INDEX EFFICIENCY
— DISPLAY CLEANING

EFFICIENCY AND WORK
EFFICIENCY INDEX

TO STEP 6

FIG. 5

19



EP 2 692 271 B1

SECOND
CONTROL

31

CLEAR
DISPLAY

SUCTION?

33

INTEGRATE
SUCTION TIME

IS DUST AMOUNT
GREATER THAN OR EQUAL
TO PREDETERMINED
AMOUNT?

35

INTEGRATE DUST
AMOUNT

36

INTEGRATE
DRIVING TIME

37

CALCULATE
CLEANING
EFFICIENCY

39

— CALCULATE WORK
EFFICIENCY INDEX

— DISPLAY GLEANING
EFFICIENCY AND WORK
EFFICIENGY INDEX

DISPLAY CLEANING

EFFIC

IENCY

TO STEP 6

FIG. 6

20




EP 2 692 271 B1

CLEANING
EFFICIENCY

i %

WORK EFFICIENCY
INDEX

5

FIG. 7

21




EP 2 692 271 B1

38
(
SET
BUTTON
5/8 o1 5/2 4(5
[ 18
\ \ \
SUCTION TIME OPERATION POWER CONTROL M
INTEGRATING PART JUDGING PART PART
56 59 60 20
( ( ( (
DRIVING TIME DISPLAY GONTROL DISPLAY
INTEGRATING PART PART UNIT
CLEANING EFFICIENCY

CALCULATING PART

DUST AMOUNT

INTEGRATING PART

———55

69~ DATA
STORAGE PROGESSING PART 1 54
57 72 PART LIGHT- LIGHT-
( N | 64 ——| emission REGEPTION 65
CONTROL PROCESSING
MOVING AMOUNT/TIME | | GLEANING REGION PART PART
INTEGRATING PART JUDGING PART
GROUNDED MOVING LIGHT- LIGHT-
DETECTING| | ,AMOUNT DETECTING ewrrTiNG | [ RECEIVING
PART PART PART PART
[ [ ( [ [
\ \ ( 71 \ \ (
67 68 23 61 62 53

FIG.

22

8



EP 2 692 271 B1

( START )

IS IT STARTED

START-UP

45

NO@

DETECTION AND
JUDGMENT

IS FLOOR BRUSH
GCONNECTED?

FIRST
CONTROL

SECOND
CONTROL

IS IT STOPPED?

STOP

END

FIG. 9

23




EP 2 692 271 B1

(777 |

REGION 1

7/ |

7 /R

REGION 2

%

%
U0 |

D050 |

REGION 4

Ui

FIG. 10

24




EP 2 692 271 B1

75 38
( (
SETTING SET
UNIT BUTTON
58 51 52 45
| | i
SUCTION TIME OPERATION POWER CONTROL M
INTEGRATING PART JUDGING PART PART
56 59 60 20
( ( ( (
DRIVING TIME DISPLAY CONTROL DISPLAY
INTEGRATING PART PART UNIT
CLEANING EFFICIENCY
CALCULATING PART
DUST AMOUNT
INTEGRATING PART |——T— 55
69~ DATA
STORAGE PROCESSING PART 154
a7 PART LIGHT- LIGHT-
( 64 EMISSION RECEPTION 65
CONTROL PROCESSING
MOVING AMOUNT/TIME PART PART
INTEGRATING PART
GROUNDED mggf\ﬁ LIGHT- LIGHT-
DETECTING DETEGTING EMITTING RECEIVING
PART PART PART PART
[ | [ [
\ \ ({ \ \ (
67 68 23 61 62 53

FIG. 11

25



EP 2 692 271 B1

( START )

IS IT STARTED

NO

START-UP

47

JUDGE INPUT

IS FLOOR BRUSH
CONNECTED?

YES
4 5
FIRST SECOND
CONTROL CONTROL

NO@

IS IT STARTED?

YES

STOP

END

FIG. 12

26



EP 2 692 271 B1

92
(
OPERATION
PART
87 58 96 52 45
( ( ( ( ( 18
SUCTION TIME OPERATION POWER CONTROL M
INTEGRATING PART JUDGING PART PART
97 94
ROTARY MOTOR M
CONTROL PART
~99 ( 86
TRAVEL
PROCESSING PART SENSOR
I 98 84
TRAVEL M
59 CONTROL PART
( 57
MOVING AMOUNT/
TIME INTEGRATING
56 PART 20
( 60 (
DRIVING TIME CLEANING EFFICIENCY DISPLAY DISPLAY
INTEGRATING PART CALCULATING PART CONTROL PART UNIT
DUST AMOUNT
INTEGRATING PART }———55

69 — DATA
STORAGE PROCESSING PART L —+—54
— 65
64 —— CONTROL PROCESSING
PART PART
LIGHT- LIGHT-
EMITTING RECEIVING
PART PART
\ \ (
61 62 53

FIG. 13

27



EP 2 692 271 B1

FIG. 14

28



EP 2 692 271 B1

FIG. 15

29



EP 2 692 271 B1

&)

START-UP

g
AUTONOMOUS

MOVEMENT
-
CLEAR
DISPLAY

SUCTION?

PREDETERMINED
SPEED OR MORE?

56

INTEGRATE MOVING
AMOUNT AND
MOVING TIME

S DUST AMOUN
GREATER THAN OR EQUAL
TO PREDETERMINED

MOUNT?,

58

INTEGRATE
DUST AMOUNT

l—
59 [~

INTEGRATE
DRIVING TIME

61
C COMPLETE
DRIVING
Qumn
CALCULATE
CLEANING
EFFICIENCY

— CALCULATE WORK DISPLAY CLEANING
EFFICIENGY INDEX EFFICIENCY

~ DISPLAY CLEANING
EFFICIENCY AND WORK
EFFICIENCY INDEX

[

END

FIG. 16

30



EP 2 692 271 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2004272650 A [0005] * US 20050166355 A [0005]

31



	bibliography
	description
	claims
	drawings
	cited references

