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(54) Cleaner and path controlling method thereof

(57) The invention is addressed to a cleaner for
cleaning particles on a plate (900), such as a window. It
includes at least one cleaning component (111, 112), a
pump module (130), a driving module (120) and a control
system (140). The at least one cleaning component (111,
112) and the plate (900) delimit at least one space (113,
114). The pump module (130) is connected to the at least
one space (113, 114) to pump air out of it to form a neg-
ative air pressure, so that the cleaner is sucked on the
plate. The driving module (120) is connected to the at
least a cleaning component (111, 112) to drive the at
least a cleaning component (111,112). The control sys-
tem (140) is coupled to the pump module (130) and the
driving module (120) and controls the driving module to
cause the at least one driven cleaning component (111,
112) to make a movement on the plate (900).
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The invention relates to a cleaner, particularly
to a cleaner for cleaning a plate.

Description of the Related Art

[0002] Traditionally, household windows are cleaned
by opening or dismounting the windows while the win-
dows of a multi-story building are cleaned by installing a
suspension machine outside the multi-story building,
controlling the suspension machine to move up and down
by a motor, and cleaning the exterior of the windows of
the multi-story building with a brush or a spout of water.
However, the suspension machine is apt to swing due to
its center of gravity being unstable when a wind blows.
Cleaning workers may slip when they unduly brush the
window and cleaning tools may drop and hurt pedestri-
ans. In order to prevent the above accidents, the windows
are only slightly sprayed with water and thus the windows
are not completely cleaned.

SUMMARY OF THE INVENTION

[0003] An object of one embodiment of the invention
is to provide a cleaner for cleaning a plate. An object of
one embodiment of the invention is to provide a cleaner
for cleaning an erect plate. An object of one embodiment
of the invention is to provide a cleaner sucked on a plate
by a negative air pressure between the cleaner and the
plate and moving on the plate.
[0004] According to one embodiment of the invention,
a cleaner for cleaning particles on a plate is provided.
The cleaner comprises at least one cleaning component,
a pump module, a driving module and a control system.
The at least one cleaning component and the plate delimit
at least one space. The pump module is connected to
the at least one space to pump air out of the at least a
space to form a negative air pressure in the at least one
space so that the cleaner is sucked on the plate. The
driving module is connected to the at least a cleaning
component to drive the at least a cleaning component.
The control system is coupled to the pump module and
the driving module and controls the driving module to
cause the at least one driven cleaning component to
make a movement on the plate.
[0005] According to one embodiment, the at least one
space comprises a first space and a second space. The
at least a cleaning component comprises a first cleaning
component and a second cleaning component. The first
cleaning component and the plate delimit the first space.
The second cleaning component and the plate delimit
the second space. The pump module is connected to the
first space and the second space to form a first negative

air pressure in the first space and a second negative air
pressure in the second space. The driving module com-
prises a link arm connected between the first cleaning
component and the second cleaning component. The
driving module causes at least one of the first cleaning
component and the second cleaning component to ro-
tate.
[0006] According to one embodiment, in a first period
of time, the driving module causes the second cleaning
component to rotate along a first rotation direction to gen-
erate a first torque between the second cleaning compo-
nent and the link arm so that the link arm swings toward
a second rotation direction opposite to the first rotation
direction by the first torque. The driving module causes
the first cleaning component substantially not to rotate
and exerts a second torque between the first cleaning
component and the link arm so that the link arm swings
toward the second rotation direction.
[0007] According to one embodiment, the pump mod-
ule comprises a first vacuum pump and a second vacuum
pump. The first vacuum pump is connected to the first
space to form the first negative air pressure in the first
space. The second vacuum pump is connected to the
second space to form the second negative air pressure
in the second space. The control system controls the first
vacuum pump and the second vacuum pump to cause
the first negative air pressure to be greater than the sec-
ond negative air pressure.
[0008] According to one embodiment, the pump mod-
ule comprises a first air valve, a second air valve and a
vacuum pump. The vacuum pump is connected to the
first space via the first air valve and to the second space
via the second air valve. The control system controls the
first air valve and the second air valve to cause the first
negative air pressure to be greater than the second neg-
ative air pressure.
[0009] According to one embodiment, in a second pe-
riod of time, the driving module causes the first cleaning
component to rotate along the second rotation direction
to generate a third torque between the first cleaning com-
ponent and the link arm. The driving module causes the
second cleaning component substantially not to rotate
and exerts a fourth torque between the second cleaning
component and the link arm so that the link arm swings
toward the first rotation direction by the third torque and
the fourth torque.
[0010] According to one embodiment, the driving mod-
ule further comprises a first driving device and a second
driving device. The first driving device is connected to
the first cleaning component to cause the first cleaning
component to rotate. The second driving device is con-
nected to the second cleaning component to cause the
second cleaning component to rotate.
[0011] According to one embodiment, wherein the con-
trol system comprises a level sensor for sensing a hori-
zontal angle of the cleaner, and wherein the control sys-
tem controls the driving module according to the horizon-
tal angle.
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[0012] According to one embodiment, the cleaner fur-
ther comprises a machine casing and a safety lifting lug.
The lifting safety lug is disposed on the machine casing
and configured to be tied with a safety rope. The safety
rope is used to be tied between the safety lifting lug and
a fixed point.
[0013] According to one embodiment, the cleaner fur-
ther comprises a machine casing and a sensor. The sen-
sor is disposed on the machine casing and electrically
connected to the control system to sense whether the
cleaner is close to a foreign body or an edge of the plate.
[0014] According to one embodiment, at least one
cleaning component comprises a cleaning material
adapted to touch the plate and clean the plate.
[0015] According to one embodiment, the control sys-
tem comprises a remote control receiver for receiving a
remote control signal, and the control system controls
the driving module according to the remote control signal
[0016] According to one embodiment of the invention,
a path controlling method of a cleaner is provided for the
cleaner moving on a plate. The cleaner comprises a first
cleaning component, a second cleaning component and
a link arm connected to the first cleaning component and
the second cleaning component. The path controlling
method comprises the steps of : forming negative air
pressures in a first space and a second space, wherein
the first cleaning component and the plate delimit the first
space, and the second cleaning component and the plate
delimit the second space; and, causing the second clean-
ing component to rotate along a first rotation direction to
generate a first torque between the second cleaning com-
ponent and the link arm so that the link arm swings toward
a second rotation direction opposite to the first rotation
direction by the first torque.
[0017] According to one embodiment, the path control-
ling method further comprises the steps of : causing the
first cleaning component substantially not to rotate; and,
exerting a second torque between the first cleaning com-
ponent and the link arm so that the link arm swings toward
the second rotation direction.
[0018] According to one embodiment, the path control-
ling method further comprises the step of causing the
negative air pressure in the first space to be greater than
the negative air pressure in the second space
[0019] Based on the above-mentioned descriptions,
forming the negative air pressure spaces between the
cleaner and the plate makes the cleaner sucked on the
plate via the atmospheric pressure and then a cleaning
component of the cleaner is driven to move so that the
cleaner makes a movement on the plate. Therefore, the
particles on the plate are able to be cleaned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The present invention will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus are not limitative of

the present invention, and wherein:
[0021] FIG. 1 is a cross-section diagram of a cleaner
according to one embodiment of the invention.
[0022] FIG. 2 is a top-view diagram of the cleaner of
FIG. 1.
[0023] FIG. 3 is a diagram that describes a movement
pattern of the cleaner of FIG. 1
[0024] FIG. 4 is a cross-section diagram of a cleaner
according to one embodiment of the invention.
[0025] FIG. 5 is a top-view diagram of the cleaner of
FIG. 4.
[0026] FIG. 6A is a function block diagram of a cleaner
according to one embodiment of the invention.
[0027] FIG. 6B is a function block diagram of a cleaner
according to one embodiment of the invention.
[0028] FIG. 7 is a diagram showing that a cleaner
moves along one direction according to one embodiment
of the invention.
[0029] FIG. 8 is a diagram showing that a cleaner
moves along another direction according to one embod-
iment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0030] The disclosure of Taiwan patent application No.
99139028 is incorporated herein by reference in its en-
tirety. The above-mentioned application discloses that a
cleaner with a suction-type permanent magnet can au-
tomatically move on a window and simultaneously clean
the exterior and interior of the window. However, when
the window is too thick, more magnetic forces are nec-
essary for the cleaner to be sucked on the window. But,
the more magnetic force the larger magnets. Corre-
spondingly, the more weight of the cleaner becomes, the
more magnetic force is needed. Therefore, the Taiwan
patent application No. 99139028 is not suitable for an
unduly thick window. Accordingly, what is needed is a
cleaner to address the above-identified problems. The
invention addresses such a need.
[0031] FIG. 1 is a cross-section diagram of a cleaner
according to one embodiment of the invention. FIG. 2 is
a top-view diagram of the cleaner of FIG. 1. FIG. 3 is a
diagram that describes a movement pattern of the clean-
er of FIG. 1. As shown in FIGS. 1, 2 and 3, a cleaner 100
of the invention is adapted to attach to a plate 900 and
move on the plate 900 for cleaning particles on its sur-
face. Referring to FIG. 6A, the cleaner 100 includes two
cleaning components 111 and 112, a pump module 130,
a driving module and a control system 140. For example,
the plate 900 may be a full-length window.
[0032] The cleaning components 111 and 112 can ap-
proximately be circular, e.g. a wheel shape, and respect-
fully form cleaning wheels W1 and W2 (referring to FIG.
3). The cleaning components 111 and 112 include clean-
ing materials 115 and 116, respectively. Example mate-
rials for the cleaning materials 115 and 116 include, with-
out limitation, sponges, cloth or paper. The cleaning ma-
terials 115 and 116 contact the surface of the plate 900
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to remove the particles on the surface. The cleaning com-
ponents 111 and 112 are respectively connected to the
driving module 120. Accordingly, two spaces 113 and
114 are respectively delimited by the cleaning compo-
nents 111 and 112 together with the plate 900.
[0033] In one embodiment, the driving module 120 in-
cludes a link arm ARM (referring to FIG. 3). The link arm
ARM is connected between the cleaning component 111
(the cleaning wheel W1) and the cleaning component
112 (the cleaning wheel W2). Specifically, one end of the
link arm ARM is pivotally connected to the cleaning com-
ponent 111 while the other end of the link arm ARM is
pivotally connected to the cleaning component 112. In
one embodiment, the driving module 120 can further in-
clude two driving units 121 and 122. The driving unit 121
is connected with the cleaning component 111 and drives
the cleaning component 111 to rotate. The driving unit
122 is connected with the cleaning component 112 and
drives the cleaning component 112 to rotate. In the em-
bodiment, each of the driving units 121 and 122 includes
a motor 210 and a decelerator 211. The motor 210 is
used to drive the cleaning components 111 and 112 to
rotate, and the decelerator 211 is used to slow down the
rotation of the cleaning components 111 and 112.
[0034] In one embodiment, the pump module 130 can
be a vacuum pump 131. The vacuum pump 131 connect-
ed to the space 113 and the space 114 is adapted to
pump air out of the spaces 113 and 114. Referring to
FIG. 1, the air in the spaces 113 and 114 is pumped into
the exterior environment through paths a1, a2 and a3. In
the meantime, air pressures in the space 113 and the
space 114 are less than the atmospheric pressure in the
exterior environment so that the negative air pressures
are formed in the space 113 and the space 114. The
cleaner 100 can be sucked on the plate 900 through the
negative air pressures of the space 113 and the space
114. Besides, a force that the atmospheric pressure ex-
erts on the cleaner 100 increases as the absolute value
of the negative air pressure increases. In this embodi-
ment, the vacuum pump 131 includes a motor 402 and
compressor blades 401 connected to each other. The
motor 402 drives the compressor blades 401 to rotate
for pumping out the air.
[0035] FIG. 6A is a function block diagram of a cleaner
according to one embodiment of the invention. Referring
to FIG. 6A, the cleaner 100 of one embodiment further
includes a battery module 190. The battery module 190
electrically connected to the pump module 130, the driv-
ing module 120 and the control system 140 serves as a
power source for the pump module 130, the driving mod-
ule 120 and the control system 140. The battery module
190 can further include a power sensor module (not
shown). When the cleaner 100 has a power shortage,
the power sensor module will raise a warning sound or
a warning light. In the meanwhile, a user can take the
cleaner 100 from the plate 900 after being notified of the
warning. In one embodiment, the cleaner 100 can include
a power line to be electrically connected to a jack. In the

embodiment, the power line provides power supplies.
When there is a power outage, the battery module 190
serves as a backup power source and meanwhile sends
out the warning sound or the warning light. The control
system 140 is coupled to the pump module 130 and the
driving module 120. In response to a control signal from
the control system 140, the driving module 120 drives
the cleaning component 111 or the cleaning component
112 to rotate so that the rotating component 111 or the
rotating component 112 makes a movement.
[0036] According to one embodiment of the invention,
the operations of the cleaner 100 are described in more
detail as follows. Referring to FIG. 3, when the cleaning
wheel W2 is to be moved, the cleaning wheel W1 is
caused substantially not to rotate and the cleaning wheel
W2 is caused to rotate in a clockwise direction d1 to pro-
duce a torque T1 between the cleaning wheel W2 and
the link arm ARM. Then, the torque T1 causes the link
arm ARM to swing toward a rotation direction d2 opposite
to the direction d1. In one embodiment, the driving device
122 of the driving module 120 further exerts a torque T2
with a rotation direction d2 between the cleaning wheel
W1 and the link arm ARM.
[0037] For example, a torque T1 is exerted on the
cleaning wheel W2 to force the cleaning wheel W2 to
rotate. According to Newton’s third law of motion (action
and reaction forces), at the same time, there is a reaction
force acting on the link arm ARM and the magnitude of
the reaction force is equivalent to the torque T1. There-
fore, the link arm ARM swings toward the direction d2
opposite to the rotation direction d1 of the cleaning wheel
W2.
[0038] On the other hand, in order to increase or reduce
a magnitude of a total torque Tarm of the link arm ARM,
the torque T2 in the same torque direction as or the op-
posite torque direction to the torque exerted on the clean-
ing wheel W2 can be exerted on the cleaning wheel W1.
In one preferred embodiment, the magnitude of the
torque T2 is not enough to overcome the static friction
force to make the wheel W1 rotate. Thus, the cleaning
wheel W1 keeps substantially still. Meanwhile, the total
torque Tarm of the link arm ARM is expressed as: Tarm=
T2+T1.
[0039] FIG. 6B is a function block diagram of a cleaner
according to one embodiment of the invention. Referring
to FIG. 6B, in one embodiment, the control system 140
includes a level sensor 422. The method that the control
system 140 controls the rotation angle of the linkage arm
ARM is to control positioning of the linkage arm ARM
according to the feedback of the level sensor 422 of the
cleaner. The torques T1 and T2 are withdrawn after the
linkage arm ARM is situated in a target position.
[0040] Likewise, when the cleaning wheel W1 is to be
moved, the active cleaning wheel W2 is caused substan-
tially not to rotate and the cleaning wheel W1 is caused
to rotate along a direction d2 so that a corresponding
torque is produced between the cleaning wheel W1 and
the link arm ARM. Then, the corresponding torque caus-
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es the link arm ARM to swing toward the direction d1
opposite to the direction d2 so that the cleaner moves
towards a direction d3. In this embodiment, the direction
d1 is clockwise and the direction d2 is counterclockwise.
[0041] In a similar manner, the cleaner can move for-
ward or backward by controlling the magnitude and the
direction of the torque T2 on the cleaning wheel W1, or
the magnitude and the direction of the torque T1 on the
cleaning wheel W2.
[0042] Please be noted that the number of cleaning
components equal to two is utilized as an embodiment
and is not limitation of the invention. In one embodiment,
the cleaner may include only one cleaning component
111 and have a link arm linked between the cleaning
component 111 and a fixed point to thereby achieve the
purpose of cleaning a part of the plate 900. In an alternate
embodiment, the cleaned component 111 is shaken to
move irregularly on the plate 900 and randomly clean
particles on the paths where the cleaner passes.
[0043] Referring again to FIG. 1 and FIG. 2, in one
embodiment, the pump module 130 further includes two
air valves 133 and 134 in addition to the vacuum pump
131. The vacuum pump 131 is connected to the space
113 via the air valve 133 and to the space 114 via the air
valve 134. The control system 140 can control opening
sizes of the air valves 133 and 134 to thereby control the
magnitudes of the negative air pressures in the spaces
113 and 114. Besides, when the cleaning wheel W2 is
to be moved, a smaller absolute value of the negative air
pressure in the space 114 and a greater absolute value
of the negative air pressure in the space 113 make the
friction force between the cleaning wheel W2 and the
plate 900 smaller and the friction force between the clean-
ing wheel W1 and the plate 900 larger. Therefore, the
cleaning wheel W2 can move more smoothly.
[0044] FIG. 4 is a cross-section diagram of a cleaner
according to one embodiment of the invention. FIG. 5 is
a top-view diagram of the cleaner of FIG. 4. The cleaner
100 in the embodiment of FIG. 1 is similar to a cleaner
100a in the embodiment of FIG. 4. Common reference
numerals have been employed where common compo-
nents have the same function and thus the related de-
scriptions are omitted herein. Differences between the
two embodiments are described as follows. As shown in
FIGS. 4 and 5, in one embodiment, the pump module
130 can include two vacuum pumps 136 and 135. The
vacuum pump 136 is connected to the space 113 while
the vacuum pump 135 is connected to the space 114.
By controlling the pumping capacities of the vacuum
pumps 136 and 135, the control system 140 controls the
magnitudes of the negative air pressures in the spaces
113 and 114, respectively. When the cleaning wheel W2
is to be moved, a smaller absolute value of the negative
air pressure of the space 114 and a greater absolute
value of the negative air pressure of the space 113 make
the friction force between the cleaning wheel W2 and the
plate 900 smaller and the friction force between the clean-
ing wheel W1 and the plate 900 larger. Therefore, the

cleaning wheel W2 can move more smoothly.
[0045] Referring again to FIG. 1, in one embodiment,
the cleaner 100 for cleaning a full-length window further
includes a machine casing 200 and a safety lifting lug
250. The pump module 130, the driving module 120 and
the control system 140 are disposed inside the machining
casing 200 while the safety lifting lug 250 disposed out-
side the machine casing 200 is adapted to be tied with a
safety rope (not shown). For example, the other end of
the safety rope can be fastened at a fixed point of a build-
ing to prevent the cleaner 100 from falling.
[0046] Referring now to FIGS. 1 and 6B, the control
system 140 includes a process unit 410, a sensor unit
420 and a pulse width modulation (PWM) unit 430. The
process unit 410 outputs a driving control signal Cd. Ac-
cording to the driving control signal Cd, the pulse width
modulation unit 430 further outputs a plurality of PWM
signals Sp. According to the plurality of PWM signals Sp,
the driving modulation 120 outputs a plurality of driving
signals Sd. In this embodiment, each of the driving units
121 and 122 outputs a corresponding driving signal Sd
according to its individual pulse width modulation signal
Sp. Each of the cleaning components 111 and 112 ro-
tates according to its individual driving signal Sd. The
process unit 410 further outputs a pump control signal
Cp. The pump module 130 drives the vacuum pump 131
according to the pump control signal Cp. In one embod-
iment, the negative air pressures in the spaces 113 and
114 are controlled by controlling the air valves 133 and
134.
[0047] For example, the process unit 410 includes a
central processing unit (CPU) 411 and two memory units
412 and 413. The memory unit 412 can be a random
access memory (RAM), and the memory unit 413 can be
a read only memory (ROM). The CPU 411, RAM 412 and
ROM 413 serve as a basic module for microcomputer
operations and memory. Here the ROM 413 can also be
a flash memory, and program codes can be stored in the
ROM 413.
[0048] The sensor unit 420 can include a level sensor
unit 422. The level sensor 422 is electrically connected
to the CPU 411 and senses a horizontal angle of the
cleaner 100. The CPU 411 adjusts a path of the cleaner
100 according to the horizontal angle. The horizontal an-
gle is used as a reference for planning a cleaning path,
for example, a linear forward movement, a backward
movement or a path planning, for the cleaner 100. For
example, in this embodiment, the level sensor unit 422
includes, without limitation, a gyro, a level sensor or any
other devices that can sense an absolute horizontal angle
of the cleaner.
[0049] In one embodiment, the control system 140 can
further include a remote control receiver 441. The remote
control receiver 441 receives a remote control signal Sw
from the remote control transmitter 442 so that the control
system 140 controls a path of the cleaner 100 according
to the remote control signal Sw. The signal transmission
method performed by the remote control receiver 441
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and remote control transmitter 442 includes, for example,
an infrared transmission or a wireless transmission.
Here, the wireless transmission is, for example, ZigBee,
Bluetooth, RFIO, Wi-Fi or the like.
[0050] Remote control functions of the cleaner 100 in-
cludes, for example, a system reset, an automatic reset,
a complete start, an in-situ start, and a manual mode.
The above remote control functions are further described
as follows. The automatic reset refers to a function that
the cleaner 100 automatically moves to a position, for
example a middle lower part of the plate 900, convenient
for a user to take off after cleaning is complete. The com-
plete start refers to a function that the cleaner 100 cleans
the plate 900 starting from the top, from left to right (or
from right to left) and then from top to bottom as the clean-
er 100 moves to the top of the plate 900. The in-situ start
refers to a function that the cleaner 100 cleans the plate
900 starting from its original position, from left to right (or
from right to left) and then from top to bottom. The manual
mode includes a function of controlling in-situ cleaning
operations of the cleaner 100 or controlling the
up/down/left/right movement of the cleaner 100.
[0051] In one embodiment, the cleaner 100 has a func-
tion of detecting a window edge. As shown in FIGS. 2
and 6B, the sensor unit 420 can include an edge sensor
421 and an analog-to-digital converter (ADC) 423. The
ADC 423 is coupled between the edge sensor 421 and
the CPU 411. An edge of the plate 900 or a foreign object
on the plate 900 can be detected by the edge sensor
421. The edge sensor 421 can be an analog sensor, for
example an infrared sensor, a laser sensor, an ultrasonic
sensor, or any other distance sensors. Furthermore, the
edge sensor can be, for example, a limit switch or a prox-
imity sensor. The control system 140 can determine a
distance between the cleaner 100 and the edge of the
plate 900 by receiving a sensing value of the edge sensor
421 through the ADC 423. Specifically, if the plate 900
is glass without a window frame and the sensing value
is less than a low threshold value, this indicates that no
sensing value obtained from the reflection of a sensing
signal off the glass is received by the control system 140.
That is, the cleaner 100 is currently close to the glass
edge. On the other hand, if the plate 900 is glass with a
window frame and the sensing value is higher than a high
threshold value, this indicates the cleaner 100 is currently
close to the window frame and thus the control system
140 receives a greater sensing value obtained from the
reflection of a sensing signal.
[0052] Furthermore, in one embodiment, the sensor
unit 420 can include a digital sensor 424 and a digital
input 425. The digital sensor 424 detects the window
frame by using a mechanism to touch the window edge.
The digital sensor 424 is, for example, a limit switch or a
proximity switch. The digital input 425 can be a button
input or receive an output from the digital sensor 424.
[0053] The path controlling method of the cleaner 100
according to one embodiment of the invention is de-
scribed in more detail as follows.

[0054] FIG. 7 is a diagram showing that the cleaner
100 moves along one direction according to one embod-
iment of the invention. FIG. 7 is used to describe the path
that the cleaner 100 moves forwards or backwards rela-
tive to a direction d3 where the direction d3 is, for exam-
ple, x-axis. According to the above methods of controlling
the forward or backward movement of the cleaning
wheels W1 and W2, the method of controlling the linear
forward movement or the linear backward movement of
the cleaner 100 along a fixed direction includes the fol-
lowing steps. Step 7-1: swing the cleaning wheel W2 to
a position P1 by using the above-mentioned method of
FIG. 3 and its swing angle is A. Step 7-2: swing the clean-
ing wheel W1 to a position P2 and its swing angle is 2A.
Step 7-3: swing the cleaning wheel W2 to a position P3
and its swing angle is 2A. Step 7-4: the cleaner 100 can
make a linear forward movement along the direction d3
by repeating the last two steps (step 7-2 and step 7-3).
Furthermore, the cleaner 100 can make a linear back-
ward movement by repeating the last two steps (step 7-2
and step 7-3) in reverse order. That is, the cleaner 100
moves along a direction opposite to the direction d3.
[0055] FIG. 8 is a diagram showing that the cleaner
100 moves along another direction according to one em-
bodiment of the invention. FIG. 8 is used to describe the
path that the cleaner 100 moves forwards or backwards
relative to a direction d4 where the direction d4 is per-
pendicular to the direction d3 and is, for example, y-axis.
The method of controlling the linear forward movement
or the backward movement of the cleaner 100 along the
fixed direction d4 includes the following steps. Step 8-1:
swing the cleaning wheel W2 to a position P4. Step 8-2:
swing the cleaning wheel W1 to a position P5. Step 8-3:
swing the cleaning wheel W2 to a position P6. Step 8-4:
swing the cleaning wheel W1 to a position P7. Step 8-5:
the cleaner 100 can make a linear forward movement
along the direction d4 by repeating the last four steps
(from Step 8-1 to Step 8-4). Furthermore, the cleaner 100
can make a linear backward movement along the direc-
tion d4 by repeating the last four steps (from Step 8-1 to
Step 8-4) in reverse order. That is, the cleaner 100 moves
along a direction opposite to the direction d4.
[0056] Based on the above disclosure, forming the
negative air pressure spaces between the cleaner and
the plate makes the cleaner sucked on the plate via the
atmospheric pressure and then a cleaning component of
the cleaner is driven to move so that the cleaner makes
a movement on the plate. Therefore, the particles on the
plate are able to be cleaned.
[0057] While certain exemplary embodiments have
been described and shown in the accompanying draw-
ings, it is to be understood that such embodiments are
merely illustrative of and not restrictive on the broad in-
vention, and that this invention should not be limited to
the specific construction and arrangement shown and
described, since various other modifications may occur
to those ordinarily skilled in the art.
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Claims

1. A cleaner for cleaning particles on a plate, compris-
ing:

at least one cleaning component, wherein the
at least one cleaning component and the plate
delimits at least one space;
a pump module connected to the at least one
space for pumping air out of the at least one
space to form a negative air pressure in the at
least one space so that the cleaner is sucked on
the plate;
a driving module connected to the at least one
cleaning component for driving the at least one
cleaning component; and
a control system coupled to the pump module
and the driving module for controlling the driving
module to cause the at least one driven cleaning
component to make a movement on the plate.

2. The cleaner according to claim 1, wherein the at least
one space comprises a first space and a second
space;
wherein the at least one cleaning component com-
prises:

a first cleaning component, wherein the first
cleaning component and the plate delimit the
first space; and
a second cleaning component, wherein the sec-
ond cleaning component and the plate delimit
the second space;

wherein the pump module is connected to the first
space and the second space to form a first negative
air pressure in the first space and a second negative
air pressure in the second space; and
wherein the driving module comprises a link arm con-
nected between the first cleaning component and
the second cleaning component and causes at least
one of the first cleaning component and the second
cleaning component to rotate.

3. The cleaner according to claim 2, wherein, in a first
period of time, the driving module causes the second
cleaning component to rotate along a first rotation
direction to generate a first torque between the sec-
ond cleaning component and the link arm so that the
link arm swings toward a second rotation direction
opposite to the first rotation direction by the first
torque.

4. The cleaner according to claim 3, wherein the driving
module causes the first cleaning component sub-
stantially not to rotate and exerts a second torque
between the first cleaning component and the link
arm so that the link arm swings toward the second

rotation direction.

5. The cleaner according to claim 4, wherein the pump
module comprises:

a first vacuum pump connected to the first space
for forming the first negative air pressure in the
first space; and
a second vacuum pump connected to the sec-
ond space for forming the second negative air
pressure in the second space, wherein the con-
trol system controls the first vacuum pump and
the second vacuum pump to cause the first neg-
ative air pressure to be greater than the second
negative air pressure.

6. The cleaner according to claim 4, wherein the pump
module comprises:

a first air valve;
a second air valve; and
a vacuum pump connected to the first space
through the first air valve and to the second
space through the second air valve,
wherein the control system controls the first air
valve and the second air valve to cause the first
negative air pressure to be greater than the sec-
ond negative air pressure.

7. The cleaner according to claim 4, wherein, in a sec-
ond period of time, the driving module causes the
first cleaning component to rotate along the second
rotation direction to generate a third torque between
the first cleaning component and the link arm, and
the driving module causes the second cleaning com-
ponent substantially not to rotate and exerts a fourth
torque between the second cleaning component and
the link arm so that the link arm swings toward the
first rotation direction by the third torque and the
fourth torque.

8. The cleaner according to claim 2, wherein the driving
module further comprises:

a first driving device connected to the first clean-
ing component for causing the first cleaning
component to rotate; and
a second driving device being connected to the
second cleaning component for causing the sec-
ond cleaning component to rotate.

9. The cleaner according to claim 1, wherein the control
system comprises a level sensor for sensing a hor-
izontal angle of the cleaner, and wherein the control
system controls the driving module according to the
horizontal angle.

10. The cleaner according to claim 1, further comprising:
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a machine casing; and
a safety lifting lug disposed on the machine cas-
ing and configured to be tied with a safety rope,
wherein the safety rope is used to be tied be-
tween the safety lifting lug and a fixed point.

11. The cleaner according to claim 1, further comprising:

a machine casing; and
at least one sensor disposed on the machine
casing and electrically connected to the control
system for sensing whether the cleaner is close
to a foreign object or an edge of the plate.

12. The cleaner according to claim 1, further comprising:

a battery module electrically connected to the
pump module, the driving module and the con-
trol system for providing a power source.

13. The cleaner according to claim 1, wherein the control
system comprises a remote control receiver for re-
ceiving a remote control signal, and wherein the con-
trol system controls the driving module according to
the remote control signal.

14. A method of controlling a cleaner path, applied in a
cleaner moving on a plate, the cleaner comprising a
first cleaning component, a second cleaning compo-
nent and a link arm, the link arm connected to the
first cleaning component and the second cleaning
component, the method comprising:

forming negative air pressures in a first space
and a second space, wherein the first cleaning
component and the plate delimit the first space,
and the second cleaning component and the
plate delimit the second space; and
causing the second cleaning component to ro-
tate along a first rotation direction to generate a
first torque between the second cleaning com-
ponent and the link arm so that the link arm
swings toward a second rotation direction oppo-
site to the first rotation direction by the first
torque.

15. The path controlling method according to claim 14,
further comprising:

causing the first cleaning component substan-
tially not to rotate; and
exerting a second torque between the first clean-
ing component and
the link arm so that the link arm swings toward
the second rotation direction.
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