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[57] ABSTRACT

The present invention discloses an underwater
cleaning robot. The robot can operate in two operating
modes: remote control and autonomous control, and
includes a drainage mechanism, a cleaning and moving
platform, and a control system. Through coordinated
division of labor among the drainage mechanism, the
cleaning and moving platform, and the control system,
the robot can perform cleaning work autonomously or
remotely on underwater horizontal, vertical, or inclined
surfaces. The present invention has the characteristics
of light weight, large capacity, compact and reasonable
mechanical structure, and good practicability, stability,
energy conservation, economical efficiency, and
universality, and is a robot that can be used for
underwater cleaning of the bottom and walls of a
swimming pool.

Beatbot, Ex. 1007
Beatbot v. Zodiac, IPR2026-00202



200710119800.5 CLAIMS

1. An underwater cleaning robot, comprising a drainage mechanism, a cleaning and moving platform, and a
control system, wherein the drainage mechanism comprises a drainage device, a water flow channel (24)
formed by a sealed drive control enclosure and an inner wall of a robot housing, a water filtration screen (23),
and a water inlet and a backflow prevention device (25); the cleaning and moving platform comprises the robot
housing (1), a cleaning drive wheel (3), a synchronous belt gear (5), and a synchronous drive belt (4); and the
control system comprises a central processing unit, a monitoring camera, an image acquisition card, an inertial
navigation component, a remote control signal interface, a motor driver, a control system enclosure (8), a
cleaning drive wheel DC motor (7), a drain port drive servo motor (16), a drainage propeller high-speed DC
motor (14), the sealed drive control enclosure, and a control and power management system.

2. The underwater cleaning robot according to claim 1, wherein the underwater cleaning robot is equipped
with a plurality of independent drainage devices and coordinates movements of the drainage devices; a drain
port fixing bracket (13) is fixed to the top of the sealed drive control enclosure; the water flow channel (24)
comprises space defined by an outer wall of the sealed drive control enclosure and the inner wall of the robot
housing (1); the water filtration screen (23) is fixed to the water flow channel (24), and divides, together with
the inner wall of the robot housing (1) and the sealed drive control enclosure, the water flow channel (24) into
two portions; the water inlet (26) and the backflow prevention device (25) are located on a bottom surface of
a robot main shell (20), the backflow prevention device (25) is divided into two portions, which are fixed via
a shaft bracket, located above the water inlet (26), and capable of rotating around a shaft; when water enters
the water flow channel (24) of the robot, the two portions of the backflow prevention device (25) rotate around
the shaft due to the effect of a water flow, and the water inlet (26) is opened; and when water stops entering,
the backflow prevention device (25) returns to a closed state, preventing water in the water flow channel (24)
from flowing back.

3. The underwater cleaning robot according to claim 1, wherein the drainage mechanism uses the cleaning
and moving platform as a carrier, and moves in coordination with the cleaning and moving platform; the
cleaning and moving platform comprises the robot housing (1), cleaning drive wheels (3), synchronous belt
gears (5), and synchronous drive belts (4); and the robot housing (1) comprises a robot top cover (18), a robot
side wall (20), and a robot main shell (19), and the robot housing is made of a one-piece molded polymer
material; the cleaning drive wheels (3) comprise four independently driven cylindrical wheel hubs, outer layers
of the wheel hubs are configured with wheel surfaces of different materials according to cleaning requirements,
and the four cleaning drive wheels (3) are arranged in pairs, and are assembled with and connected to the robot
via the robot side wall, and a cleaning drive wheel lateral bracket (21) and a cleaning drive wheel central
bracket (22) of the robot main shell; and for the synchronous belt gears (5) and the synchronous drive belts (4),
two synchronous belt gears (5) and one synchronous drive belt (4) constitute one group, and are mounted
between a side panel of the robot main shell (19) and the robot side wall (20), wherein one synchronous belt
gear (5) is connected to one drive DC motor (7), the other synchronous belt gear (5) is connected to one
cleaning drive wheel (3), and the two synchronous belt gears (5) are connected via power transmission by the
synchronous drive belt (4).

4. The underwater cleaning robot according to claim 1, characterized in that the control system comprises the
central processing unit, the monitoring camera, the image acquisition card, the inertial navigation component,
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the remote control signal interface, motor drivers, the control system enclosure (8), the cleaning drive wheel
DC motor (7), the drain port drive servo motor (16), the drainage propeller high-speed DC motor (14), the
sealed drive control enclosure, and the control and power management system; a chip of the central processing
unit, the image acquisition card, the inertial navigation component, and the remote control signal interface
constitute an input portion of the control system; the chip of the central processing unit and a motor driver
constitute an output portion of the control system; a motor driver and the cleaning drive wheel DC motor (7)
constitute a cleaning drive execution layer of the control system; a motor driver and the drain port drive servo
motor (16) constitute a rotation execution layer of a drain port (10); a motor driver and the drainage propeller
high-speed DC motor (14) constitute a drive execution layer of a propeller (11); the monitoring camera (2) is
installed on two front panels of the robot main shell (19), and the monitoring camera (2) and the image
acquisition card constitute an environment perception layer of the control system; the inertial navigation
component is installed on the robot control system enclosure (8) to constitute an attitude positioning layer of
the control system; the control system enclosure (8) houses the control system comprising the central
processing unit, the image acquisition card, the inertial navigation component, the remote control signal
interface, a power management module, and the motor drivers, and is provided with both a power input
interface and a rechargeable battery box, allowing the robot to be powered either externally or by the battery
box for a short period of time; the control system enclosure is fixed to the bottom of the sealed drive control
enclosure; the power management module is configured to stabilize voltage and current and monitor
overcurrent and overload of a robot circuit, protecting the control system of the robot; the cleaning drive wheel
DC motor (7) is equipped with a reduction gearbox and an encoder, and is fixed to a side wall of the sealed
drive control enclosure and a side wall of the robot main shell (19) via front flanges, to drive the cleaning drive
wheel (3); the drain port drive servo motor (16) is fixed to the drain port fixing support (12), to drive the drain
port (10) and the drain port bracket (12) to rotate around a drain port drive shaft (17); the drainage propeller
high-speed DC motor (14) is fixed to a drainage propeller bracket (15), to drive the drainage propeller (11) to
rotate; both the cleaning drive wheel DC motor (7) and the drainage propeller high-speed DC motor (14) are
equipped with encoders and configured to implement motor servo control with the respective motor drivers;
the sealed drive control enclosure comprises a sealed enclosure upper cover and a main enclosure body, and
the sealed enclosure upper cover comprises a drain port sliding groove (9) with a waterproof function; the
sealed drive control enclosure is installed on and fixed to the interior of the robot main shell (19) via side walls
at two ends of the robot main shell (19), to sealingly enclose the control system components comprising the
control system enclosure (8), the cleaning drive wheel DC motor (7), the drain port drive servo motor (16),
and the drainage propeller high-speed DC motor (14); the sealed drive control enclosure is made of a one-piece
molded polymer material, and has waterproof properties; the control and power management system comprises
a control signal buoyant antenna (27), a control signal buoyant antenna cable (35), a signal relay and cable
manager (28), a signal and power cable (33), a cable guide pulley assembly (32), and a cable counterweight
ring (34); the signal relay and cable manager (28) comprises a signal relay and a cable manager (29), and is
fixed to a surface at a poolside via a manager bracket (30); the control signal buoyant antenna (27) is installed
on and connected to an antenna interface of the signal relay and cable manager (28), to receive a control signal
from a control keyboard (31), and the control signal is relayed and transmitted to the remote control signal
interface of the underwater cleaning robot via the signal and power cable (33);
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the signal relay and cable manager (28) is equipped with an external AC power supply and an AC-to-DC
converter, and is connected to a power input interface of the underwater cleaning robot via the signal and
power cable (33) to power the robot; the signal relay and cable manager (28) controls a cable
winding/unwinding motor via a motor driver, under the command of the central processing unit of the
underwater cleaning robot, to execute winding and unwinding of the cable; the signal relay of the signal relay
and cable manager (28) implements a connection to the control signal buoyant antenna, and sends data to the
robot; the cable manager (29) of the signal relay and cable manager (28) comprises the cable
winding/unwinding motor with an encoder, which is controlled by the central processing unit of the robot, to
implement a cable winding/unwinding function; the signal and power cable (33) comprises a control signal
line and a power line, and density of the cable is smaller than that of water, and configured to be changed by
installing the cable counterweight ring (34), to adjust a suspension state of the cable in water; the cable
counterweight ring (34) is made of a high-density polymer material, and is tightly interlocked with the cable,
and has an adjustable installation position; the control signal buoyant antenna (27) comprises a control signal
antenna and a buoyant carrier, has a density far lower than that of water, and floats on a water surface to
wirelessly communicate with the control keyboard (31); the control signal buoyant antenna is configured to
directly communicate with the remote control signal interface of the robot via the control signal buoyant
antenna cable (35), or is installed on and fixed to the signal relay and cable manager (28) configured to
indirectly communicate with the robot via the signal and power cable (33); the signal relay and cable manager
(28) is capable of being connected to an external display apparatus, to display an operating condition and
relevant performance indicators of the underwater cleaning robot; and when the robot operates with the cable,
the cable guide pulley assembly (32) is installed at a corner of the poolside, comprises a fixed pulley and a
fixed pulley seat rotation shaft, and is configured to enable rotation of the fixed pulley itself and rotation of a
fixed pulley assembly around the fixed pulley seat rotation shaft.

5. The underwater cleaning robot according to claim 1, wherein operating modes comprise manual cleaning
and autonomous cleaning; in the manual mode, a control signal is sent by manual operation using the control
keyboard, to directly or indirectly control the underwater cleaning robot via the control signal buoyant antenna;
in the autonomous mode, a control signal is generated by the central processing unit based on information from
the environment perception layer and the attitude positioning layer, in combination with a preset cleaning task,
a path and an action are autonomously planned, and the execution layer of the robot is driven, to complete an
underwater cleaning task; during long-term global cleaning, the robot operates with the cable, and the signal
relay and cable manager (28) and the signal and power cable (33) are used; and during short-term local cleaning,
the robot is powered by the battery box without using the signal relay and cable manager (28) and the signal
and power cable (33) but using the control signal buoyant antenna (27) and the control signal buoyant antenna
cable (35), with a relatively short operating time.

6. The underwater cleaning robot according to claim 1, wherein the underwater cleaning robot controls an
action of the robot based on a control instruction issued by the central processing unit; in the drainage
mechanism, the drainage propeller high-speed DC motor (14), under the control of the motor driver thereof,
drives the drainage propeller (11) to rotate at a set rotational speed, to drain water from the water flow channel
(24) of the robot, so that a high negative pressure is formed in the water flow channel, and pool water at the
bottom of the robot is sucked into the water flow channel (24) through the water inlet; debris in the water flow
is filtered by the water filtration screen (23),
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and then clean water is drained out; in addition, the motor driver of the drainage propeller high-speed DC
motor is configured to determine density of the dirt in the water flow channel (24) by monitoring the motor
rotational speed and current, and issues a dirt saturation alarm when the dirt reaches a certain density; the drain
port drive servo motor (16) is controlled by the motor driver thereof, to drive the drain port bracket (12) to
rotate around the drain port drive shaft (17) along the drain port sliding groove (9), to change a drainage
direction; the backflow prevention device (25) is installed on the water inlet (26), when water flows in through
the water inlet, the backflow prevention device (25) opens due to an acting force of the water, and when the
water stops flowing in, the backflow prevention device (25) closes due to the disappearance of the acting force
of the water, thereby preventing the debris in the water flow channel (24) from flowing out; and in the cleaning
and moving platform, four independent cleaning drive wheels (3) are controlled by their respective motor
drivers, and are configured to move independently, and implement tasks of the robot including moving forward,
moving backward, turning, and scrubbing for cleaning through different wheel speed combinations.

7. The underwater cleaning robot according to claim 1, wherein when the robot is powered with the cable and
executes a cleaning task, the robot performs dead reckoning by using the inertial navigation component and
the cleaning drive wheel (3) to obtain robot position information, and then the central processing unit controls
the cable winding/unwinding motor to wind or unwind the signal and power cable (33) based on an actual
length requirement; a proper position is selected for installing the cable counterweight ring (34) based on a
depth of a swimming pool and an actual requirement, to adjust the suspension state of the cable in water; the
signal relay and cable manager (28) guides winding or unwinding of the cable via the cable guide pulley
assembly (32); when the robot executes a task underwater without the cable, the control signal buoyant antenna
(27) is connected to the robot via the control signal buoyant antenna cable (35), to receive a remote control
signal, and control the movement of the robot; during autonomous cleaning, a swimming pool cleanliness
image threshold is set, the robot uses the monitoring camera (2) to capture an image of the bottom of the
swimming pool, determines a cleanliness level of the bottom of the swimming pool by comparing the image
with the threshold, and plans a cleaning movement, and then adjusts operating conditions of the four cleaning
drive wheels 3 and the drainage devices to complete the cleaning task; in addition, by adjusting a drainage
direction of a drain port (10) and a rotational speed of the drainage propeller (11), the cleaning intensity is
changed to improve operating efficiency of the robot; and a same control strategy is used for cleaning a vertical
pool wall.

8. The underwater cleaning robot according to claim 1, wherein due to the high negative pressure in the water
flow channel (24) of the robot and the acting force of the drainage mechanism, the robot is attached to the
vertical wall of the swimming pool for cleaning, thereby implementing a vertical wall-following movement of
the robot.

9. The underwater cleaning robot according to claim 1, wherein a drain port (10) is configured to move along
the drain port sliding groove (9), affecting movement, cleaning, turning, and vertical wall-following movement
of the robot; a plurality of drain ports (10) coordinate to move or position along the drain port sliding groove
(9), and the drainage directions of the drain ports (10) are changed, to produce different acting forces on
movements of the robot; when the robot is in a floating state in water, an attitude of the robot in water is
adjustable by adjusting the drainage direction and drainage intensity of the two drain ports (10); and when the
robot climbs on a wall, a chassis is lifted up due to factors including a swimming pool step,
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so that four cleaning drive wheels (3) of the robot fail, and in this case, a position of a drain port is adjusted to
provide a propelling force for the robot to return to a normal operating condition.

10. The underwater cleaning robot according to claim 1, wherein after a cleaning task is completed, the water
flow channel (24) of the underwater cleaning robot is configured to be cleaned by opening the robot top cover
(18) and the water filtration screen (23).
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UNDERWATER CLEANING ROBOT

Technical Field

The present invention relates to a robot, and in particular, to an underwater cleaning robot which is
used for cleaning underwater environments, has an autonomous moving function, can be used for cleaning
underwater horizontal surfaces, vertical surfaces and inclined surfaces through remote control or autonomous
control, and can replace humans to autonomously complete underwater cleaning work.

Background

Swimming has a history of thousands of years; with the accelerated pace of modern life and improved
living standards, it has become an important form of exercise for physical fitness, leisure, and entertainment
of people. The cleanliness and sanitation of a swimming pool directly impacts an exercise situation and an
exercise result of a swimmer. Therefore, it is very important to keep water and walls of the swimming pool
clean and hygienic. Cleaning methods for swimming pools vary depending on the forms and scales of the
swimming pools. At present, both manual cleaning and automatic water circulation methods result in
significant waste or redundancy in water resources or other energy resources, and labor, increasing swimming
pool maintenance costs and directly increasing swimming expenses of swimmers. Therefore, an automatic
underwater cleaning device is needed to solve this problem.

Summary of the Invention

An objective of the present invention is to provide an underwater robot which can be flexible,
maneuverable, economical and energy-saving, and has a plurality of operating modes, so as to better complete
underwater cleaning work.

The present invention discloses an underwater cleaning robot, including a drainage mechanism, a
cleaning and moving platform, and a control system.

The drainage mechanism in the present invention includes a drainage device, a water flow channel
formed by a sealed drive control enclosure and an inner wall of a robot housing, a water filtration screen, and
a water inlet and a backflow prevention device. The drainage device includes a drain port, a drainage propeller,
a drain port bracket, a drain port fixing bracket, a drainage propeller bracket, and a drain port drive shaft. The
drain port of the drainage device is fixed to the drain port bracket and is connected to the drain port drive shaft
via the drain port bracket, and is capable of rotating around the drive shaft. The drainage propeller is driven by
a high-speed DC motor, and both the drainage propeller and the high-speed DC motor are fixed to the drainage
propeller bracket and further connected to the drain port drive shaft, and rotate around the drive shaft
synchronously with the drain port. The drain port fixing bracket, the drain port bracket, and the drainage
propeller bracket are all connected to the drain port drive shaft and can rotate around the drain port drive shaft.
The drain port fixing bracket is fixed to the top of the sealed drive control enclosure. The water flow channel
includes space defined by an outer wall of the sealed drive control enclosure and the inner wall of the robot
housing. The water filtration screen is fixed to the water flow channel,
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and divides, together with the inner wall of the robot housing and the sealed drive control enclosure, the water
flow channel into two portions. The water inlet and a backflow prevention device, located on a bottom surface
of the robot bottom shell, include a water inlet and a backflow prevention device. The backflow prevention
device is divided into two portions, which are fixed via a shaft bracket, located above the water inlet, and
capable of rotating around a shaft. The drainage mechanism may be provided with one or a plurality of drainage
devices. When the plurality of drainage devices are provided, drainage drive shafts of the drainage devices
need to keep coaxial.

The cleaning and moving platform of the present invention includes a robot housing, cleaning drive
wheels, synchronous belt gears, and synchronous drive belts. The robot housing includes a robot top cover, a
robot side wall, and a robot main shell. The robot housing is made of a one-piece molded polymer material.
The cleaning drive wheels include four independently driven cylindrical wheel hubs. Outer layers of the wheel
hubs are configured with wheel surfaces of different materials according to cleaning requirements. The four
cleaning drive wheels are arranged in pairs, and are assembled with and connected to the robot via the robot
side wall, and a cleaning drive wheel lateral bracket and a cleaning drive wheel central bracket of the robot
main shell. For the synchronous belt gears and the synchronous drive belts, two synchronous belt gears and
one synchronous drive belt constitute one group, and are mounted between a side panel of the robot main shell
and the robot side wall. One synchronous belt gear is connected to one drive DC motor, and the other
synchronous belt gear is connected to one cleaning drive wheel. The two synchronous belt gears are connected
via power transmission by the synchronous drive belt.

The control system of the present invention includes a central processing unit, a monitoring camera,
an image acquisition card, an inertial navigation component, a remote control signal interface, a power
management module, motor drivers, a control system enclosure, a cleaning drive wheel DC motor, a drain port
drive servo motor, a drainage propeller high-speed DC motor, the sealed drive control enclosure, and a control
and power management system. A chip of the central processing unit, the image acquisition card, the inertial
navigation component, and the remote control signal interface constitute an input portion of the control system.
The chip of the central processing unit and a motor driver constitute an output portion of the control system.
A motor driver and the cleaning drive wheel DC motor constitute a cleaning drive execution layer of the control
system. A motor driver and the drain port drive servo motor constitute a rotation execution layer of the drain
port. A motor driver and the drainage propeller high-speed DC motor constitute a drive execution layer of the
propeller. The monitoring camera is installed on two front panels of the robot main shell, and the monitoring
camera and the image acquisition card constitute an environment perception layer of the control system. The
inertial navigation component is installed on the sealed drive control enclosure of the robot to constitute an
attitude positioning layer of the control system. The control system enclosure houses the control system
including the central processing unit, the image acquisition card, the inertial navigation component, the remote
control signal interface, the power management module, and the motor drivers, and is provided with both a
power input interface and a rechargeable battery box, allowing the robot to be powered either externally or by
the battery box for a short period of time. The control system enclosure is fixed to the bottom of the sealed
drive control enclosure. The power management module is configured to stabilize voltage and current and
monitor overcurrent and overload of a robot circuit, protecting the control system of the robot. The cleaning
drive wheel DC motor is equipped with a reduction gearbox and an encoder, and is fixed to a side wall of the
sealed drive control enclosure and a side wall of the robot main shell via front flanges,
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to drive the cleaning drive wheels via the synchronous belt gear and the synchronous belt. The drain port drive
servo motor is fixed to the drain port fixing bracket, to drive the drain port bracket and the drainage propeller
bracket to rotate around the drain port drive shaft. The drainage propeller high-speed DC motor is fixed to the
drainage propeller bracket, to drive the drainage propeller to rotate. Both the cleaning drive wheel DC motor
and the drainage propeller high-speed DC motor are equipped with encoders, and configured to implement
motor servo control with the respective motor drivers. The sealed drive control enclosure includes a sealed
enclosure upper cover and a main enclosure body. The sealed enclosure upper cover includes a drain port
sliding groove with a waterproof function. The sealed drive control enclosure is installed on and fixed to the
interior of the robot main shell via side walls at two ends of the robot main shell, to sealingly enclose the
control system components including the control system enclosure, the cleaning drive wheel DC motor, the
drain port drive servo motor, and the drainage propeller high-speed DC motor. The sealed drive control
enclosure is made of a one-piece molded polymer material, and has waterproof properties. The control and
power management system includes a control signal buoyant antenna, a control signal buoyant antenna cable,
a signal relay and cable manager, a signal and power cable, a cable guide pulley assembly, and a cable
counterweight ring. The signal relay and cable manager includes a signal relay and a cable manager, and is
fixed to a ground on a surface at a poolside via a manager bracket. The control signal buoyant antenna is
installed on and connected to an antenna interface of the signal relay and cable manager, to receive a control
signal from a control keyboard, and the control signal is relayed and transmitted to the remote control signal
interface of the underwater cleaning robot via the signal and power cable. The signal relay and cable manager
is equipped with an external AC power supply and an AC-to-DC converter, and is connected to a power input
interface of the underwater cleaning robot via the signal and power cable to power the robot. The signal relay
and cable manager controls a cable winding/unwinding motor via a motor driver, under the command of the
central processing unit of the underwater cleaning robot, to execute winding and unwinding of the cable. The
signal relay of the signal relay and cable manager implements a connection to the control signal buoyant
antenna, and sends data to the robot. The cable manager of the signal relay and cable manager includes the
cable winding/unwinding motor with an encoder, which is controlled by the central processing unit of the robot,
to implement a cable winding/unwinding function. The signal and power cable includes a control signal line
and a power line. Density of the cable is lower than that of water, and configured to be changed by installing
the cable counterweight ring, to adjust a suspension state of the cable in water. The cable counterweight ring
is made of a high-density polymer material, and is tightly interlocked with the cable, and has an adjustable
installation position. The control signal buoyant antenna includes a control signal antenna and a buoyant carrier,
has a density far lower than that of water, and floats on a water surface to wirelessly communicate with the
control keyboard. The control signal buoyant antenna is configured to directly communicate with the remote
control signal interface of the robot via the control signal buoyant antenna cable, or is installed on and fixed to
the signal relay and cable manager configured to communicate with the robot via the signal and power cable.
The signal relay and cable manager is capable of being connected to an external display apparatus, to display
an operating condition and relevant performance indicators of the underwater cleaning robot. When the robot
operates with the cable, the cable guide pulley assembly is installed at a corner of the poolside, includes a fixed
pulley and a fixed pulley seat rotation shaft, and is configured to enable rotation of the fixed pulley itself and
rotation of a fixed pulley assembly around the fixed pulley seat rotation shaft.

Operating modes of the underwater cleaning robot according to the present invention include manual
cleaning and autonomous cleaning.
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In the manual mode, a control signal is sent by manual operation using the control keyboard, to directly or
indirectly control the underwater cleaning robot via the control signal buoyant antenna. In the autonomous
mode, a control signal is generated by the central processing unit based on information from the environment
perception layer and the attitude positioning layer, in combination with a preset cleaning task, a path and an
action are autonomously planned, and the execution layer of the robot is driven, to complete an underwater
cleaning task. During long-term global cleaning, the robot operates with the cable, and the signal relay and
cable manager and the signal and power cable are used. During short-term local cleaning, the robot is powered
by the battery box without using the signal relay and cable manager and the signal and power cable but using
the control signal buoyant antenna and the control signal buoyant antenna cable, with a relatively short
operating time.

The underwater cleaning robot according to the present invention completes a cleaning task through a
process as follows.

The underwater cleaning robot controls an action of the robot based on a control instruction issued by
the central processing unit. In the drainage mechanism, the drainage propeller high-speed DC motor drives the
drainage propeller to rotate at a set rotational speed under the control of the motor driver, to drain water from
the water flow channel of the robot, so that a high negative pressure is formed in the water flow channel, and
pool water at the bottom of the robot is sucked into the water flow channel through the water inlet. Debris in
the water is filtered by the water filtration screen, and then clean water is drained out. In addition, the motor
driver of the drainage propeller high-speed DC motor is configured to determine density of the dirt in the water
flow channel by monitoring the motor rotational speed and current, and issues a dirt saturation alarm when the
dirt reaches a certain density. The drain port drive servo motor is controlled by the motor driver thereof, to
drive the drain port bracket to rotate around the drain port drive shaft along the drain port sliding groove, to
change a drainage direction. The backflow prevention device is installed on the water inlet; when water flows
in through the water inlet, the backflow prevention device opens due to an acting force of the water, and when
the water stops flowing in, the backflow prevention device closes due to the disappearance of the acting force
of the water, thereby preventing the debris in the water flow channel from flowing out. In the cleaning and
moving platform, the four independent cleaning drive wheels are controlled by their respective motor drivers,
and are configured to move independently, and implement tasks of the robot including moving forward,
moving backward, turning, and scrubbing for cleaning through different wheel speed combinations. When the
robot is powered with the cable and executes a cleaning task, the robot performs dead reckoning by using the
inertial navigation component and the cleaning drive wheel to obtain robot position information, and then the
central processing unit controls the cable winding/unwinding motor to wind or unwind the signal and power
cable based on an actual length requirement. A proper position is selected for installing the cable counterweight
ring based on a depth of a swimming pool and an actual requirement, to adjust the suspension state of the cable
in water. The signal relay and cable manager guides winding or unwinding of the cable via the cable guide
pulley assembly. When the robot executes a task underwater without the cable, the control signal buoyant
antenna is connected to the robot via the control signal buoyant antenna cable, to receive a remote control
signal, and control the movement of the robot. During autonomous cleaning, a swimming pool cleanliness
image threshold is set, the robot uses the monitoring camera to take image(s) of the bottom of the swimming
pool, determines a cleanliness level of the bottom of the swimming pool by comparing the image(s) with the
threshold, and plans a cleaning movement, to complete the cleaning task.

The underwater cleaning robot according to the present invention is characterized in that due to the
high negative pressure in the water flow channel of the robot and the acting force of the drainage mechanism,
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the robot may be attached to the vertical wall of the swimming pool for cleaning, thereby implementing a
vertical wall-following movement of the robot.

The underwater cleaning robot according to the present invention is characterized in that a drain port
is configured to move along the drain port sliding groove, affecting movement, cleaning, turning, and vertical
wall-following movement of the robot. A plurality of drain ports coordinate to move or position along the drain
port sliding groove, and the drainage directions of the drain ports are changed, to produce different acting
forces on movements of the robot. When the robot is in a floating state in water, an attitude of the robot in
water is adjustable by adjusting the drainage direction and drainage intensity of the two drain ports, to help the
robot to have a correct attitude. Particularly, when the robot climbs on a wall, a chassis may be lifted up due
to factors including a swimming pool step, so that four cleaning drive wheels of the robot fail, and in this case,
a position of a drain port is adjusted to provide a propelling force for the robot to return to a normal operating
condition.

The present invention has the beneficial effects of: light weight, large capacity, smart and portable
movement, has the characteristics of compact and reasonable mechanical structure, and good practicability,
stability, energy conservation, economical efficiency, and universality, and can help and even replace humans
to autonomously complete underwater cleaning work.

Brief Description of the Drawings

FIG. 1-an overall schematic diagram of an underwater cleaning robot, in which: 1-robot housing,
2-monitoring camera, 3-cleaning drive wheel, 4-synchronous drive belt, 5-synchronous belt gear;

FIG. 2-a schematic diagram of a sealed drive control enclosure of an underwater cleaning robot, in
which: 6-sealed drive control enclosure, 7-cleaning drive wheel DC motor, 8-control system enclosure, 9-drain
port sliding groove;

FIG. 3-a schematic diagram of a drainage device of an underwater cleaning robot, in which: 10-drain
port, 11-drainage propeller, 12-drain port bracket, 13-drain port fixing bracket, 14-drainage propeller high-
speed DC motor, 15-drainage propeller bracket, 16-drain port drive servo motor, 17-drain port drive shaft;

FIG. 4-a schematic diagram of a cleaning and moving platform of an underwater cleaning robot, in
which: 18-robot top cover, 19-robot main shell, 20-robot side wall, 21-cleaning drive wheel lateral bracket,
22-cleaning drive wheel central bracket;

FIG. 5-a lateral cross-sectional view of an underwater cleaning robot, in which: 23-water filtration
screen, 24-water flow channel, 25-backflow prevention device, 26-water inlet;

FIG. 6-a schematic diagram of a control system of an underwater cleaning robot.

FIG. 7-a schematic diagram of an underwater cleaning robot that operates with a cable, in which:
27-control signal buoyant antenna, 28-signal relay and cable manager, 29-cable manager, 30-manager bracket,
31-control keyboard, 32-cable guide pulley assembly, 33-signal and power cable, 34-cable counterweight ring.

FIG. 8-a schematic diagram of an underwater cleaning robot that operates without a cable, in which:
35-control signal buoyant antenna cable.
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Detailed Description

The present invention will be further described below with reference to the accompanying drawings
and embodiments.

Embodiments

An underwater cleaning robot according to the present invention includes a drainage mechanism, a
cleaning and moving platform, and a control system. As shown in FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6,
FIG. 7, and FIG. 8, the drainage mechanism includes a drainage device, a water flow channel 24 formed by a
sealed drive control enclosure and an inner wall of a robot housing, a water filtration screen 23, and a water
inlet and backflow prevention device 25. The drainage device includes a drain port 10, a drainage propeller 11,
a drain port bracket 12, a drain port fixing bracket 13, a drainage propeller bracket 15, and a drain port drive
shaft 17. The underwater cleaning robot may be equipped with a plurality of independent drainage devices,
and coordinates movement of the drainage devices. The drain port 10 of the drainage device is connected to
the drain port drive shaft 17 via the drain port bracket 12 and is capable of rotating around the drive shaft. The
drainage propeller 11 is driven by a high-speed DC motor, and both the drainage propeller and the high-speed
DC motor are fixed to the drainage propeller bracket 15 and further connected to the drain port drive shaft 17,
and rotate around the drive shaft synchronously with the drain port 10. A drain port fixing bracket 13 is fixed
to the top of the sealed drive control enclosure. The water flow channel 24 includes space defined by an outer
wall of the sealed drive control enclosure and the inner wall of the robot housing 1. The water filtration screen
23 is fixed to the water flow channel 24, and divides, together with the inner wall of the robot housing 1 and
the sealed drive control enclosure, the water flow channel 24 into two portions. The water inlet 26 and the
backflow prevention device 25 are located on a bottom surface of a robot main shell 19. The backflow
prevention device is divided into two portions, which are fixed via a shaft bracket, located above the water
inlet 26, and capable of rotating around a shaft. When water enters the water flow channel 24 of the robot, the
two portions of the backflow prevention device 25 rotate around the shaft due to the effect of a water flow, and
then the water inlet 26 is opened. When water stops entering, the backflow prevention device 25 returns to a
closed state, preventing water in the water flow channel 24 from flowing back. The drainage mechanism may
be provided with one or a plurality of drainage devices. When the plurality of drainage devices are provided,
drain port drive shafts 17 of the drainage devices need to keep coaxial. The drainage mechanism uses the
cleaning and moving platform as a carrier, and moves in coordination with the cleaning and moving platform.
The cleaning and moving platform includes a robot housing 1, cleaning drive wheels 3, synchronous belt gears
5, and synchronous drive belts 4. The robot housing 1 includes a robot top cover 18, a robot side wall 20, and
the robot main shell 19. The robot housing is made of a one-piece molded polymer material. The cleaning
drive wheels 3 include four independently driven cylindrical wheel hubs. Outer layers of the wheel hubs are
configured with wheel surfaces of different materials according to cleaning requirements. The four cleaning
drive wheels 3 are arranged in pairs, and are assembled with and connected to the robot via the robot side wall,
and a cleaning drive wheel lateral bracket 21 and a cleaning drive wheel central bracket 22 of the robot main
shell. For the synchronous belt gears 5 and the synchronous drive belts 4, two synchronous belt gears 5 and
one synchronous drive belt 4 constitute one group, and are mounted between a side panel of the robot main
shell 19 and the robot side wall 20.
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One synchronous belt gear 5 is connected to one drive DC motor 7, and the other synchronous belt gear 5 is
connected to one cleaning drive wheel 3. The two synchronous belt gears 5 are connected via power
transmission by the synchronous drive belt 4. The control system includes a central processing unit, a
monitoring camera, an image acquisition card, an inertial navigation component, a remote control signal
interface, motor drivers, a control system enclosure 8, a cleaning drive wheel DC motor 7, a drain port drive
servo motor 16, a drainage propeller high-speed DC motor 14, the sealed drive control enclosure, and a control
and power management system. A chip of the central processing unit, the image acquisition card, the inertial
navigation component, and the remote control signal interface constitute an input portion of the control system.
The chip of the central processing unit and a motor driver constitute an output portion of the control system.
A motor driver and the cleaning drive wheel DC motor 7 constitute a cleaning drive execution layer of the
control system. A motor driver and the drain port drive servo motor 16 constitute a rotation execution layer of
the drain port 10. A motor driver and the drainage propeller high-speed DC motor 14 constitute a drive
execution layer of the propeller 11. The monitoring camera 2 is installed on two front panels of the robot main
shell 19. The monitoring camera 2 and the image acquisition card constitute an environment perception layer
of the control system. The inertial navigation component is installed on the robot control system enclosure 8
to form an attitude positioning layer of the control system. The control system enclosure 8 houses the control
system including the central processing unit, the image acquisition card, the inertial navigation component, the
remote control signal interface, the power management module, and the motor drivers, and is provided with
both a power input interface and a rechargeable battery box, allowing the robot to be powered either externally
or by the battery box for a short period of time. The control system enclosure is fixed to the bottom of the
sealed drive control enclosure. The power management module is configured to stabilize voltage and current
and monitor overcurrent and overload of a robot circuit, protecting the control system of the robot. The cleaning
drive wheel DC motor 7 is equipped with a reduction gearbox and an encoder, and is fixed to a side wall of
the sealed drive control enclosure and a side wall of the robot main shell 19 via front flanges, to drive the
cleaning drive wheels 3. The drain port drive servo motor 16 is installed on and fixed to the drain port fixing
support 12, to drive the drain port 10 and the drain port bracket 12 to rotate around the drain port drive shaft
17. The drainage propeller high-speed DC motor 14 is fixed to the drainage propeller bracket 15, to drive the
drainage propeller 11 to rotate. Both the cleaning drive wheel DC motor 7 and the drainage propeller high-
speed DC motor 14 are equipped with encoders and configured to implement motor servo control with the
respective motor drivers. The sealed drive control enclosure includes a sealed enclosure upper cover and a
main enclosure body. The sealed enclosure body upper cover includes a drain port sliding groove 9 with a
waterproof function. The sealed drive control enclosure is installed on and fixed to the interior of the robot
main shell 19 via side walls at two ends of the robot main shell 19, to sealingly enclose the control system
components including the control system enclosure 8, the cleaning drive wheel DC motor 7, the drain port
drive servo motor 16, and the drainage propeller high-speed DC motor 14. The sealed drive control enclosure
is made of a one-piece molded polymer material, and has waterproof properties. The control and power
management system includes a control signal buoyant antenna 27, a control signal buoyant antenna cable 35,
a signal relay and cable manager 28, a signal and power cable 33, a cable guide pulley assembly 32, and a
cable counterweight ring 34. The signal relay and cable manager 28 includes a signal relay and a cable manager
29, and is fixed to a surface at a poolside via a manager bracket 30. The control signal buoyant antenna 27 is
installed on and connected to an antenna interface of the signal relay and cable manager 28,
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to receive a control signal from a control keyboard 31, and the control signal is relayed and transmitted to the
remote control signal interface of the underwater cleaning robot via the signal and power cable 33. The signal
relay and cable manager 28 is equipped with an external AC power supply and an AC-to-DC converter, and is
connected to a power input interface of the underwater cleaning robot via the signal and power cable 33 to
power the robot. The signal relay and cable manager 28 controls a cable winding/unwinding motor via a motor
driver, under the command of the central processing unit of the underwater cleaning robot, to execute winding
and unwinding of the cable. The signal relay of the signal relay and cable manager 28 implements a connection
to the control signal buoyant antenna, and sends data to the robot. The cable manager 29 of the signal relay
and cable manager 28 includes the cable winding/unwinding motor with an encoder, which is controlled by
the central processing unit of the robot, to implement a cable winding/unwinding function. The signal and
power cable 33 includes a control signal line and a power line. Density of the cable is smaller than that of
water, and configured to be changed by installing the cable counterweight ring 34, to adjust a suspension state
of the cable in water. The cable counterweight ring 34 is made of a high-density polymer material, and is
tightly interlocked with the cable, and has an adjustable installation position. The control signal buoyant
antenna 27 includes a control signal antenna and a buoyant carrier, has a density far smaller than that of water,
and floats on a water surface to wirelessly communicate with the control keyboard 31. The control signal
buoyant antenna is configured to directly communicate with the remote control signal interface of the robot
via the control signal buoyant antenna cable 35, or is installed on and fixed to the signal relay and cable
manager 28 configured to indirectly communicate with the robot via the signal and power cable 33. The signal
relay and cable manager 28 is capable of being connected to an external display apparatus, to display an
operating condition and relevant performance indicators of the underwater cleaning robot. When the robot
operates with the cable, the cable guide pulley assembly 32 is installed at a corner of the poolside, includes a
fixed pulley and a fixed pulley seat rotation shaft, and is configured to enable rotation of the fixed pulley itself
and rotation of a fixed pulley assembly around the fixed pulley seat rotation shaft.

Operating modes of the underwater cleaning robot according to the present invention include manual
cleaning and autonomous cleaning. In the manual mode, a control signal is sent by manual operation using the
control keyboard, to directly or indirectly control the underwater cleaning robot via the control signal buoyant
antenna. In the autonomous mode, a control signal is generated by the central processing unit based on
information from the environment perception layer and the attitude positioning layer, in combination with a
preset cleaning task, a path and an action are autonomously planned, and the execution layer of the robot is
driven, to complete an underwater cleaning task. During long-term global cleaning, the robot operates with the
cable, and the signal relay and cable manager 28 and the signal and power cable 33 are used. During short-
term local cleaning, the robot is powered by the battery box without using the signal relay and cable manager
28 and the signal and power cable 33 but using the control signal buoyant antenna 27 and the control signal
buoyant antenna cable 35, with a relatively short operating time.

The underwater cleaning robot according to the present invention completes a cleaning task through a
process as follows. The underwater cleaning robot controls an action of the robot based on a control instruction
issued by the central processing unit. In the drainage mechanism, the drainage propeller high-speed DC motor
14 drives the drainage propeller 11 to rotate at a set rotational speed under the control of the motor driver, to
drain water from the water flow channel 24 of the robot, so that a high negative pressure is formed in the water
flow channel, and pool water at the bottom of the robot is sucked into the water flow channel 24 through the
water inlet.
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Debris in the water is filtered by the water filtration screen 23, and then clean water is drained out. In addition,
the motor driver of the drainage propeller high-speed DC motor is configured to determine density of the dirt
in the water flow channel 24 by monitoring the motor rotational speed and a current, and issues a dirt saturation
alarm when the dirt reaches a certain density. The drain port drive servo motor 16 is controlled by the motor
driver thereof, to drive the drain port bracket 12 to rotate around the drain port drive shaft 17 along the drain
port sliding groove 9, to change a drainage direction. The backflow prevention device 25 is installed on the
water inlet 26; when water flows in through the water inlet, the backflow prevention device 25 opens due to
an acting force of the water. When the water stops flowing in, the backflow prevention device 25 closes due
to the disappearance of the acting force of the water, thereby preventing the debris in the water flow channel 24
from flowing out. In the cleaning and moving platform, the four independent cleaning drive wheels 3 are
controlled by their respective motor drivers, and are configured to move independently, and implement tasks
of the robot including moving forward, moving backward, turning, and scrubbing for cleaning through
different wheel speed combinations. When the robot is powered with the cable and executes a cleaning task,
the robot performs dead reckoning by using the inertial navigation component and the cleaning drive wheels
3 to obtain robot position information, and then the central processing unit controls the cable
winding/unwinding motor to wind or unwind the signal and power cable 33 based on an actual length
requirement. A proper position is selected for installing the cable counterweight ring 34 based on a depth of a
swimming pool and an actual requirement, to adjust the suspension state of the cable in water. The signal relay
and cable manager 28 guides winding or unwinding of the cable via the cable guide pulley assembly 32. When
the robot executes a task underwater without the cable, the control signal buoyant antenna 27 is connected to
the robot via the control signal buoyant antenna cable 35, to receive a remote control signal, and control the
movement of the robot. During autonomous cleaning, a swimming pool cleanliness image threshold is set, the
robot uses the monitoring camera 2 to take image(s) of the bottom of the swimming pool, determines a
cleanliness level of the bottom of the swimming pool by comparing the image(s) with the threshold, and plans
a cleaning movement, and then adjusts operating conditions of the four cleaning drive wheels 3 and the
drainage device to complete the cleaning task. Specifically, the rotational speed of each wheel 3 is adjustable.
Through different wheel speed combinations, cleaning actions with different cleaning intensities can be
implemented. For example, if a front wheel rotates rapidly clockwise and a rear wheel rotates slowly
counterclockwise, then the underwater cleaning robot may move in a direction determined by the clockwise
rotation of the front wheel, and in this case, the cleaning intensity is much greater than when the rear wheel
rotates clockwise. In addition, by adjusting a drainage direction of the drain port 10 and a rotational speed of
the drainage propeller 11, the cleaning intensity may also be changed to improve operating efficiency of the
robot. A same control strategy may be used for cleaning a vertical pool wall. The underwater cleaning robot
of the present invention, due to the high negative pressure in the water flow channel 24 of the robot and the
acting force of the drainage mechanism, may be attached to the vertical wall of the swimming pool for cleaning,
thereby implementing a vertical wall-following movement of the robot. According to the underwater cleaning
robot of the present invention, a drain port 10 is configured to move along the drain port sliding groove 9,
which may affect the movement, cleaning, turning, and vertical wall-following movement of the robot. A
plurality of drain ports 10 coordinate to move or position along the drain port sliding groove 9, and the drainage
directions of the drain ports 10 are changed, to produce different acting forces on movements of the robot.
When the robot is in a floating state in water, an attitude of the robot in water is adjustable by adjusting the
drainage direction and drainage intensity of the two drain ports 10, to help the robot to have a correct attitude.
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Particularly, when the robot climbs on a wall, a chassis may be lifted up due to factors including a swimming
pool step, so that four cleaning drive wheels 3 of the robot fail, and in this case, a position of a drain port is
adjusted to provide a propelling force for the robot to return to a normal operating condition. The underwater
cleaning robot ensures autonomous navigation operation through dead reckoning based on the inertial
navigation component installed thereon and the encoders of the four cleaning drive wheels 3. After a cleaning
task is completed, the water flow channel 24 of the underwater cleaning robot is configured to be cleaned by
opening the robot top cover 18 and the water filtration screen 23.

The present invention is not limited to this example. Any design that utilizes the design concept of this
design and makes some simple changes should fall within the scope of protection of the present invention.
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