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[54] Title of Invention 
POOL CLEANER WITH DEBRIS DETECTION 

CAPABILITY 
 

[57] Abstract 
The present invention relates to a pool cleaner with a 

debris detection capability, which can be used in 
professional or commercial swimming pools and reservoirs 
with similar requirements. The pool cleaner is composed of 
a sealed motor cover, a brushless DC water pump motor, an 
infrared ranging sensor, a housing, a water circulation 
outlet, a filter bag, an industrial control computer and 
associated software, a PT resistance pool water temperature 
sensor, a pool water quality pH sensor, a track-type 
crawling mechanism, a roller brush, a cable assembly, a 
plug assembly, and a hybrid stepper motor. The pool cleaner 
is characterized in that a debris detection device is provided 
on the enclosure. The present invention has the advantage 
of adopting intelligent adaptive technology with computer 
control and AC/DC low-voltage driving so that a 
corresponding cleaning force can be selected according to a 
varying distribution of debris on the pool bottom. The 
present invention has a simple structure, strong 
applicability, and high reliability. 
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1. A pool cleaner with a debris detection capability, wherein the pool cleaner is composed of a sealed 

motor cover (1), a brushless DC water pump motor (2), an infrared ranging sensor (3), an housing (4), a 

water circulation outlet, a filter bag (6), an industrial control computer (7) and associated software, a PT 

resistance pool water temperature sensor (8), a pool water quality pH sensor (9), a track-type crawling 

mechanism (10), a roller brush (11), a cable assembly (12), a plug assembly (14), and a hybrid stepper 

motor (15), and the pool cleaner is characterized in that a debris detection device is provided on the 

housing (4). 

 

2. The pool cleaner with the debris detection capability according to claim 1, characterized in that the 

debris detection device may be a charge-coupled device (CCD) camera (5) or a dedicated turbidity sensor 

(13) and associated software. 

 

3. The pool cleaner with the debris detection capability according to claim 1, characterized in that the 

industrial control computer (7) comprises a human-machine interface (16), an enclosure (17), a three-axis 

stepper motor control card (18), a multi-channel A/D converter card (19), a relay terminal board (20), and 

an image acquisition card (21), wherein the three-axis stepper motor control card (18) is connected to the 

hybrid stepper motor (15), the multi-channel A/D converter card (19) is separately connected to the 

infrared ranging sensor (3), the PT resistance pool water temperature sensor (8), and the pool water 

quality pH sensor (9), the relay terminal board (20) is connected to the brushless DC water pump motor 

(2), and the image acquisition card (21) is connected to a charge-coupled device (CCD) camera (5). 

 

4. The pool cleaner with the debris detection capability according to claims 1 or 2, characterized in that 

the dedicated turbidity sensor (13) is composed of a tungsten halogen light source (22), a assembled 

casing (23), a sealing ring (24), an optical lens (25), a protective window (26), a water flow detection port 

(27), a silicon photovoltaic panel (28), a multi-stage signal amplification circuit board (29), and a cable 

(30), wherein the tungsten halogen light source (22) is provided in the middle of the assembled casing 

(23), the protective window (26) is provided at one end of the assembled casing (23), the optical lens (25) 

is provided adjacent to the protective window (26), the tungsten halogen light source (22) and the optical 

lens (25) are provided on a same center wire, the sealing ring (24) is provided between the tungsten 

halogen light source (22) and the optical lens (25), and the silicon photovoltaic panel (28) and the 

multi-stage signal amplification circuit board (29) are provided on the other side of the water flow 

detection port (27), and are separately connected to the cable (30) through sockets. 

 

5. The pool cleaner with the debris detection capability according to claims 1, 2 or 4, characterized in that   
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the multi-stage signal amplification circuit board (29) is composed of three amplifiers U1-U3, six 

capacitors C1-C6, and a plurality of resistors R1-R14, wherein a blue wire provides +6 V positive polarity 

power supply through a resistor network of R8, R9, R10, and R11, a gray wire provides -6 V positive 

polarity power supply through a resistor network of R12, R13, and R14, a zero-adjustment resistor R0 is 

connected between a green wire and a yellow wire, a photovoltaic cell is connected to R and R3, the 

green wire is connected to R1, C1, R2, and C2, and is also connected to U1, U2 is connected to R4, R5, 

and RR, and is also connected to C4, U3 is connected to R1, R7, and C3, and is also connected to C5 and 

C6, and C3 is connected to a purple wire. 
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POOL CLEANER WITH DEBRIS DETECTION CAPABILITY 

Technical Field 

The present invention relates to a pool cleaner with a debris detection capability, which can be used in 

professional or commercial swimming facilities and water reservoirs with similar requirements, and belongs 

to the technical field of intelligent electrical appliances. 

Background Art 

The bottom and walls of swimming pools are subject to corrosion, contamination, and sedimentation 

of all types of impurities and substances in water, and as such need regular cleaning. The traditional means 

of cleaning a swimming pool is manual labor, with workers needing to drag brush cleaning heads with 

pump-driven suction tube to draw water together with the debris. All these entail heavy manual work with 

low efficiency and waste of water resources. Pool cleaners recently developed overseas and locally use 

micro-controller to enable them to automatically detect the pool's surface area and automatically set 

cleaning duration and operating mode. However, as debris distribution is uneven, if the entire working 

process of the cleaner is controlled solely based on the swimming pool's area to set the time, for the 

majority of the time of operation, the proportion of actual cleaning is low, thereby yielding low cleaning 

efficiency. 

Summary of the Invention 

An objective of the present invention is to provide a pool cleaner with a debris detection capability that 

applies different cleaning forces for different debris distributions. 

To achieve the above objective, the technical solution of the present invention is to provide a pool 

cleaner with a debris detection capability, which is composed of a sealed motor cover, a brushless DC water 

pump motor, an infrared ranging sensor, a housing, a water circulation outlet, a filter bag, an industrial 

control computer and associated software, a PT resistance pool water temperature sensor, a pool water 

quality pH sensor, a track-type crawling mechanism, a roller brush, a cable assembly, a plug assembly, and 

a hybrid stepper motor. The pool cleaner is characterized in that a debris detection device is provided on the 

housing. 

The debris detection device may be a charge-coupled device (CCD) camera or a dedicated turbidity 

sensor together with associated software. 

The industrial control computer comprises a human-machine interface, an enclosure, a three-axis 

stepper motor control card, a multi-channel A/D converter card, a relay terminal board, and an image 

acquisition card. The three-axis stepper motor control card is connected to the hybrid stepper motor. The 

multi-channel A/D converter card is separately connected to the infrared ranging sensor, the PT resistance 

pool water temperature sensor, and the pool water quality pH sensor. The relay terminal board is connected 

to the brushless DC water pump motor, and the image acquisition card is   
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connected to a charge-coupled device (CCD) camera. 

The present invention has the advantage of adopting intelligent adaptive technology with computer 

control and AC/DC low-voltage driving so that a corresponding cleaning force can be selected according to 

a varying distribution of debris on the pool bottom. The present invention has a simple structure, strong 

applicability, and high reliability. 

Brief Description of Drawings 

Fig. 1 is a schematic structural diagram of a pool cleaner with a debris detection capability in which a 

charge-coupled device (CCD) camera is mounted; 

Fig. 2 is a top view of a pool cleaner with a debris detection capability; 

Fig. 3 is a schematic structural diagram of a pool cleaner with a debris detection capability in which a 

dedicated turbidity sensor is mounted; 

Fig. 4 shows a display diagram of a human-machine interface of an industrial control computer; 

Fig. 5 shows a structural diagram of an industrial control computer; 

Fig. 6 is a block diagram showing the connection between a pool cleaner with a debris detection 

capability and an industrial control computer; 

Fig. 7 shows a flowchart of control software; 

Fig. 8 is a schematic structural diagram of a dedicated turbidity sensor; 

Fig. 9 is a test principle diagram of a dedicated turbidity sensor; 

Fig. 10 shows a multi-stage signal amplification circuit diagram; and 

Fig. 11 shows a flowchart of a method for debris detection by a dedicated turbidity sensor. 

Detailed Description of Embodiments 

The present invention will be further described below in combination with the drawings and two 

embodiments. 

Embodiment 1: 

A pool cleaner with a debris detection capability in which a charge-coupled device (CCD) camera is 

mounted is taken as an example. 

The present invention adopts the charge-coupled device (CCD) camera which, during the operation of 

the cleaner, continuously captures images of areas to be cleaned located directly in front and below a 

crawling direction of the cleaner. These images are then converted through A/D conversion to produce up to 

256 levels of grayscale, and continuously compared with pre-stored standard image information of a pool 

bottom. Finally, through computer system processing, the crawling speed of the cleaner is controlled so as 

to enable the cleaner to apply different cleaning forces according to different distributions of debris. 

A schematic structural diagram of a pool cleaner with a debris detection capability, in which a 

charge-coupled device (CCD) camera is mounted, is as shown in Figs. 1 and 2. The pool cleaner is  
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composed of a sealed motor cover 1, a brushless DC water pump motor 2, an infrared ranging sensor 3, a 

housing 4, the charge-coupled device (CCD) camera 5, a water circulation outlet, a filter bag 6, an industrial 

control computer 7 and associated software, a PT resistance pool water temperature sensor 8, a pool water 

quality pH sensor 9, a track-type crawling mechanism 10, roller brushes 11, a cable assembly 12, a plug 

assembly 14, and hybrid stepper motors 15. The sealed motor cover 1 covers the brushless DC water pump 

motor 2. The hybrid stepper motors 15 are mounted on both sides of the sealed motor cover 1, respectively. 

The infrared ranging sensor 3 is mounted on the front side of the housing 4, and the charge-coupled device 

(CCD) camera 5 is mounted at the upper front end of the housing 4. The PT resistance pool water temperature 

sensor 8 and the pool water quality pH sensor 9 are mounted at the lower part of the housing 4, and their upper 

ends are connected to the water circulation outlet and the filter bag 6. The track-type crawling mechanism 10 is 

mounted at the front and rear ends of the housing 4, and the roller brushes 11 are mounted on both sides. The 

cable assembly 12 is mounted in the middle portion of the housing 4. A power box supplies power to both the 

pool cleaner and the industrial control computer 7. The industrial control computer 7 is connected to the pool 

cleaner through the cable assembly 12 and the plug assembly 14. 

A display diagram of a human-machine interface of the industrial control computer is as shown in Fig. 4, 

wherein the middle of the panel diagram shows the area of a pool to be cleaned, the cleaned area is denoted by 

light blue, and the area that has not been cleaned yet is denoted by dark blue so that the working status of the 

cleaner can be seen at a glance. Automatic and manual switches are provided on the left of the panel diagram, 

“start”, “stop”, and “continue” switches are provided on the right thereof, and the water temperature, cleaning 

duration and pool water quality pH value are displayed at the top thereof. 

A structural diagram of the industrial control computer is as shown in Fig. 5. The industrial control 

computer is composed of a human-machine interface 16, an enclosure 17, a three-axis stepper motor control 

card 18, a multi-channel A/D converter card 19, a relay terminal board 20, and an image acquisition card 21. 

A block diagram of the connection between the pool cleaner with the debris detection capability and the 

industrial control computer is as shown in Fig. 6. The three-axis stepper motor control card 18 is connected to 

the hybrid stepper motor 15, the multi-channel A/D converter card 19 is separately connected to the infrared 

ranging sensor 3, the PT resistance pool water temperature sensor 8, and the pool water quality pH sensor 9. 

The relay terminal board 20 is connected to the brushless DC water pump motor 2, and the image acquisition 

card 21 is connected to the charge-coupled device (CCD) camera 5. 

During the cleaning operation, the charge-coupled device (CCD) camera 5 provided at the front end of the 

cleaner first selects image(s) of a clean surface of a pool bottom as original standard image(s) and stores it 

(them) in the industrial control computer 7. During the cleaning operation, the CCD camera 5 captures image(s) 

of an area to be cleaned located directly in front of and below the crawling direction of the cleaner. The video 

signal undergoes A/D conversion through the high-speed image acquisition card 21 and, in conjunction with 

corresponding image processing software, is compared with the original standard image(s) of the pool bottom 

stored in the industrial control computer 7. When there is a lot of sediment at the pool bottom, the grayscale 

level of the real-time captured image(s) is greatly different from the grayscale level of the original standard 

image(s), resulting in a high comparison output voltage. Otherwise, the output voltage is low. The voltage 
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signal is sent to the industrial control computer 7 for processing by associated software. A pulse signal 

command output after processing goes through the relay terminal board 20 to separately control the drive of 

the two hybrid stepper motors 15 on the left and right sides of the cleaner. The crawling speed of the cleaner 

indirectly reflects the magnitude of the cleaning force. At the same time, in conjunction with the infrared 

ranging sensor 3, the cleaner can move forward, backward, or turn left and right. 

Taking a standard rectangular swimming pool as an example, the control software flowchart in Fig. 7 is 

used to explain the working mode and cleaning procedure of the pool cleaner with a self-adaptive cleaning 

capability. 

After power is turned on, a cleaning mode with a self-adaptive cleaning capability is selected. The cleaner 

starts working. First, the pool area is measured by S=a×b, where a is the length of the rectangular pool and b is 

the width of the rectangular pool. After measurement is completed, the PT resistance pool water temperature 

sensor 8 and the pool water quality pH sensor 9 simultaneously measure the water temperature and the pool 

water quality pH value. The human-machine interface displays a simulated graph of the pool area, the water 

temperature, and the pool water quality pH value. The cleaner enters the cleaning procedure. 

During cleaning, the charge-coupled device (CCD) camera 5 continuously captures images of an area to 

be cleaned located directly in front of and below the crawling direction of the cleaner. The video signal 

undergoes A/D conversion through the high-speed image acquisition card 21 and is processed by the industrial 

control computer 7 and associated software. It then goes through the relay terminal board 20 to separately 

control the speed of the two hybrid stepper motors 15 on the left and right sides of the cleaner to achieve 

self-adaptive cleaning. That is, different cleaning forces correspond to different debris distributions. When the 

cleaner crawls near a pool wall, the infrared ranging sensor 3 emits a switch signal, and under the condition 

that the turning radius of the cleaner is met, through different coordination of the left and right track wheels, a 

left or right turn of 180° is realized, reverse cleaning is then performed, and so on, until the entire pool is 

cleaned. 

The pool area simulation graph continuously displays the cleaned area and cleaning time. The cleaned 

area S′=0.6R∫θdt, where R is the radius of a driving wheel and θ is the step angle of the stepper motor. When 

the entire pool area simulation graph turns light blue, the cleaner’s work is completed. 

Embodiment 2: 

A pool cleaner with a debris detection capability in which a dedicated turbidity sensor is mounted is taken 

as an example.  

This embodiment adopts the dedicated turbidity sensor. During the operation of the cleaner, a suspended 

water flow generated by the combined action of the scrubbing of a front roller brush and the removal of debris 

by a water pump suction port is used as a detection object. The turbidity of the water quality of the water flow 

formed by the cleaner in this state is instantly detected. The turbidity of the water flow is converted into a 

voltage signal by utilizing the photosensitivity principle of a photocell, and the voltage signal is sent to an 

industrial control computer for processing to control the crawling speed of the cleaner.  
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The cleaner crawls more slowly in a place with turbid water, thereby meeting the requirement of applying 

different cleaning forces for different degrees of debris. 

A structural schematic diagram of a pool cleaner with a debris detection capability in which a dedicated 

turbidity sensor is mounted is as shown in Figs. 2 and 3. The pool cleaner is composed of a sealed motor cover 

1, a brushless DC water pump motor 2, an infrared ranging sensor 3, a housing 4, a water circulation outlet, a 

filter bag 6, an industrial control computer 7 and associated software, a PT resistance pool water temperature 

sensor 8, a pool water quality pH sensor 9, a track-type crawling mechanism 10, a roller brush 11, a cable 

assembly 12, a dedicated turbidity sensor 13, a plug assembly 14, and a hybrid stepper motor 15. The dedicated 

turbidity sensor 13 is mounted at the front end of a lower suction port of the brushless DC water pump motor 2, 

while the connection relationships among other components remain unchanged. 

A structural schematic diagram of the dedicated turbidity sensor is as shown in Fig. 8. The dedicated 

turbidity sensor 13 is composed of a tungsten halogen light source 22, an assembled casing 23, a sealing ring 

24, an optical lens 25, a protective window 26, a water flow detection port 27, a silicon photovoltaic panel 28, 

a multi-stage signal amplification circuit board 29, and a cable 30. The tungsten halogen light source 22 is 

provided in the middle of the assembled casing 23. The protective window 26 is provided at one end of the 

assembled casing 23, and the optical lens 25 is provided adjacent to the protective window 26. The tungsten 

halogen light source 22 and the optical lens 25 are provided on the same center wire, and the sealing ring 24 is 

provided between the tungsten halogen light source 22 and the optical lens 25. The silicon photovoltaic panel 

28 and the multi-stage signal amplification circuit board 29 are provided on the other side of the water flow 

detection port 27, and are separately connected to the cable 30 through sockets. 

Fig. 9 is a test principle diagram of a dedicated turbidity sensor. Scattered light emitted by the tungsten 

halogen light source 22 is refracted into a group of parallel light beams by the optical lens 25. The light beams 

pass through the protective window 26, through the water flow detection port 27, and reach the silicon 

photovoltaic panel 28 facing it. The intermediate water medium flowing through the water flow detection port 

is an object to be detected. The silicon photovoltaic panel 28 may convert a light signal into a current signal. 

When there are many suspended substances in the water flow, the turbidity is high, the intensity of a 

photoelectric signal reaching the silicon photovoltaic panel 28 is weak, and the output current is small. 

Conversely, the output current is large. The current signal is then adjusted and amplified by the multi-stage 

signal amplification circuit board 29 and output in the form of an analog voltage signal and sent to the 

industrial control computer 7 for processing. 

To ensure that the water flow at the water pump suction port all passes through the detection port of the 

dedicated turbidity sensor 13, the dedicated turbidity sensor 13 is mounted in front of the water pump suction 

port. The protective window 26 is made of high-hardness quartz glass, which can resist the wear of fine sand 

and stones in the water flow and maintain the stability of the light flux for a long time. 

A circuit diagram of the multi-stage signal amplification circuit is as shown in Fig. 10. The multi-stage 

signal amplification circuit board 29 is composed of three amplifiers U1–U3, six capacitors C1–C6, and 

several resistors R1–R14. A blue wire provides a +6 V positive polarity power supply through a resistor 

network of R8, R9, R10, and R11, and a gray wire provides a  
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-6 V positive polarity power supply through a resistor network of R12, R13, and R14. A zero-adjustment 

resistor R0 is connected between a green wire and a yellow wire to achieve the calibration of the output range 

of a signal from the dedicated turbidity sensor 13. A photovoltaic cell is connected to R and R3, and the green 

wire is connected to R1, C1, R2, and C2, is also connected to U1. U2 is connected to R4, R5, and RR, and also 

connected to C4. U3 is connected to R1, R7, and C3, and also connected to C5 and C6. C3 is connected to a 

purple wire. 

Fig. 11 is a flowchart of a method for debris detection using the dedicated turbidity sensor. When a ±6 V 

voltage of a switching power supply is connected between a white wire (+) and a black wire (–) of the 

dedicated turbidity sensor 13, the high-brightness tungsten halogen light source 22 is lit up, providing a light 

source required for an optical circuit of the dedicated turbidity sensor. The light passes through the optical lens 

25, is refracted, and is focused onto the silicon photovoltaic panel 28. The silicon photovoltaic panel 28 

converts a photoelectric signal into an electric signal, which is collected by a sampling resistor R. In the signal 

amplification circuit, R1, C1, R2, and C2 form a resistor-capacitor filter, R3 and R6 are shunt resistors, and C4, 

C5, and C6 are filter capacitors for U1, U2, and U3. The balancing resistors R4, R5, and RR perform linear 

compensation on the signal of the amplifiers. After the signal is amplified by U1 and U2, and compared and 

amplified by U3, it then passes through R7 and C3 for filtering. The purple wire outputs the signal to the 

multi-channel A/D converter card 19 of the industrial control computer 7. The computer may then determine 

different cleanliness levels of the water in the pool according to the signal strength from the dedicated turbidity 

sensor 13, and output corresponding pulses to adjust the rotational speed of the hybrid stepper motor 15, 

thereby improving the working efficiency of cleaning. When the tungsten halogen light source 22 is powered 

off, it indicates that the measurement has ended. 

Before work begins, R0 in the multi-stage signal amplification circuit board 29, i.e., the measurement 

range of the dedicated turbidity sensor 13, is first calibrated. Then, the cleaning process is controlled through 

computer software processing according to the signal output range. 

During the cleaning work, the suspension of debris and water from the scrubbing of the roller brush is 

drawn into the water pump suction port. In this case, the dedicated turbidity sensor 13 mounted at the water 

pump suction port converts the water flow's different turbidity degrees into a varying voltage signal. This 

voltage signal is then converted and filtered by the A/D converter card 19, sent to the industrial control 

computer 7, and processed by associated software. A pulse signal or a “start/stop” command output after 

processing go through the relay terminal board 20 to control the drive of the brushless DC water pump motor 2. 

When the turbidity of the water flow is high, the crawling speed of the cleaner slows down and the cleaning 

force increases. Otherwise, the cleaning force decreases. At the same time, the infrared ranging and steering 

photoelectric sensor 3 may be used to realize the forward, backward or left and right steering of the cleaner.  

Taking a standard rectangular swimming pool as an example, the control software flowchart in Fig. 7 is 

used to explain the working mode and cleaning procedure of the pool cleaner with the debris detection 

capability. 

After an automatic cleaning mode is selected, the cleaner is powered on to start working. First, the pool 

area is measured by  
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S=a×b, where a is the length of the rectangular pool and b is the width of the rectangular pool. After the 

measurement is completed, the PT resistance pool water temperature sensor 8 and the pool water quality pH 

sensor 9 simultaneously measure the water temperature and the pool water quality pH value. The 

human-machine interface displays a pool area simulation graph, the water temperature and the pool water 

quality pH value. Once the cleaner enters the cleaning procedure, the dedicated turbidity sensor 13 

continuously carries out detection of the water that is about to enter the water pump suction port. The changes 

in the turbidity cause changes in a voltage output by the dedicated turbidity sensor 13. The voltage signal is 

sent to the A/D converter card 19 for conversion and filtering into a digital pulse signal. The signal then goes 

through the relay terminal board 20 to a driving module for amplification before controlling the rotational 

speed of the brushless DC water pump motor 2, so as to achieve different cleaning forces. When the cleaner 

crawls near a pool wall, the infrared ranging sensor 3 emits a switch signal, and under the condition that the 

turning radius of the cleaner is met, through different coordination of the left and right track wheels, a left or 

right turn of 180° is realized, reverse cleaning is then performed, and so on, until the entire pool is cleaned.. 

The pool area simulation graph continuously displays the cleaned area and cleaning time. The cleaned area is 

S′=0.6R∫θdt, where R is the radius of a driving wheel and θ is the step angle of the stepper motor. When the 

entire pool area simulation graph turns light blue, the cleaner’s work is completed.  
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