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Abstract: At present, more and more attention is paid to sewage treatment. Based 

on this, I designed this intelligent pumping control device. This device uses 51 single-

chip microcomputer as the main control center, and uses ultrasonic ranging 

technology to measure whether the current water level reaches the warning water 

level, and will measure the distance. It is displayed on the LED display in real time. If 

the water level reaches the warning water level, the 51 single-chip microcomputer will 

send a high-level signal. After being amplified by the triode amplifier circuit, it will 

control the shutdown of the water pump by disconnecting the normally closed end of 

the control relay, so as to achieve intelligent water pumping control function. 

 

Keywords: Sewage treatment; intelligence; pumping control; 51 single chip 

computer; ultrasonic ranging. 

 

1. Introduction 

This article mainly introduces how to design a device that can intelligently control the 

switch of the water pump according to the height of the water level in the tank, 

including the overall design idea of the device, hardware circuit design and software 

design. The specific hardware design mainly involves the design of the ultrasonic 

ranging module, LED The monitor dynamically displays the design of the height 

module from the liquid level, the design of the relay module is controlled by the triode 

amplifying circuit, and the design of the pump opening and closing control module. 

The design of the software mainly includes the design idea of the program, the key 

code to realize the function, the debugging of the program and the connection of the 

physical object. The device can realize intelligent control of the flow of sewage among 

multiple sewage treatment devices, which is of great help to the design of intelligent 

sewage treatment devices. 
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2. Overall design thinking 

The overall design idea of this device is to install the ultrasonic sensor above the water 

tank, controlled by the 51 single-chip microcomputer as the control processing center, 

and use the ultrasonic sensor to measure the height of the current sensor to the water 

surface, and display it on the LED display synchronously. The port is connected to the 

signal input end of the relay after the current is amplified by the triode. The water 

pump and the power supply are connected through the relay. . When the single-chip 

microcomputer judges that the water surface distance has not reached the warning 

water level according to the data returned by the ultrasonic sensor, its control pin 

outputs a low level. At this time, the normally closed terminal and the common 

terminal of the relay are connected, and the water pump is powered on and continues 

to pump water. When the single-chip microcomputer detects that the water level 

reaches the warning water level, its control pin outputs a high level. At this time, the 

relay disconnects the normally closed terminal and the common terminal, and the 

water pump is powered off and stops pumping. The system block diagram is shown 

in Figure 1: 
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Figure 1 System block diagram 

 

3. Hardware circuit design 

3.1 Ultrasonic ranging module 

The most important module of this device is the design of the ultrasonic ranging 

module. The sensor used in this module is the ultrasonic sensor HC-SR04. The main 

component of the HC-SR04 is the ultrasonic probe. The ultrasonic probe is mainly 

composed of piezoelectric chips, which can transmit ultrasonic waves. Ultrasound is 

also acceptable. 

HC-SR04 has a total of 4 ports, namely Vcc (power), Trig (control port), Echo (accept 

port), Gnd (ground). Its interface circuit diagram is shown in Figure 2: 

The actual working process is as follows: First, a high-level signal of at least 10 

microseconds is given by the Trig port (that is, the control port) to start the ultrasonic 

sensor. The ultrasonic sensor module will automatically send out 8 square waves of 

40KHz, that is, ultrasonic waves. At this time, the module will automatically time the 

time from the launch of the ultrasonic wave to the detection of the ultrasonic wave 

returning. When a signal is detected, the sensor will output a high level from the Echo 
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port, and the duration T of the high level is recorded as the internal timer. The 

recorded time from the launch to the return of the ultrasonic wave, at this time, 

multiplying the propagation speed of the ultrasonic wave in the current environment 

by half of the time T is the distance to be measured.  

 
Figure 2 Ultrasonic sensor interface diagram 

 

3.2 The LED display dynamically displays the height module from the liquid level 

The device adopts an LED display to dynamically display the distance from the 

detection of the ultrasonic sensor to the warning water level. 

The digital tube is mainly composed of light-emitting diodes, which have the 

advantages of self-illumination, high brightness, firmness, impact resistance, damage 

resistance and low cost. 

The digital tube displays numbers and symbols through the light and dark combination 

of light-emitting diodes. There are two connection methods: common cathode and 

common anode. This device adopts the digital tube with common cathode connection. 

It only needs to input a high level to the corresponding light-emitting diode to light 

up. Through this method, each digital tube can display any number from 0 to 9. The 

corresponding point LEDs can be lit as the decimal point as required. If you want to 

display the measured distance, one digital tube is not enough. This device adopts four 

digital tubes, which represent one decimal place, one place, ten place and one hundred 

place respectively. Each position data of the measured distance is displayed on each 

digital tube. The four digital tubes quickly and dynamically display the distance in turn. 

The principle of dynamic display is that multiple digital tubes are alternately displayed, 

and people can see the effect of multiple digital tubes displayed at the same time by 

using the effect of human visual pause. 

3.3 Design of Relay Module Controlled by Three-stage Tube Amplifying Circuit 

3.3.1 Relay 

Whether the water pump is connected to the power supply in this device is controlled 

by a relay, and the relay is equivalent to a switch for the whole device. 

There are three ports on the left side of the relay, which are normally open terminal, 
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normally closed terminal and common terminal. When there is no voltage in the relay 

coil, the relay does not pull in, and the common terminal and normally closed terminal 

are connected. When there is enough voltage on the coil, the relay Pulling in, the 

common terminal is disconnected from the normally closed terminal, and connected 

to the normally open terminal. Its schematic diagram is shown in Figure 3: 
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Figure 3 Schematic diagram of the relay 

 

Whether the coil of the relay has voltage is determined by the IN port (signal input 

terminal) on the right side of the relay. When there is a signal input at the signal input 

terminal, a voltage is generated on the relay coil. In the design of this device, the port 

of the single-chip microcomputer is connected to the signal input terminal of the relay 

to control which end the common terminal of the relay is connected to. However, the 

maximum output voltage of the port of the single-chip microcomputer is generally only 

3.3V, while the signal output terminal of the general relay needs Minimum 5V voltage 

to control. When the control voltage is too small, the control does not respond or the 

control is not sensitive, so it is necessary to add a triode module to amplify the voltage 

output by the single-chip microcomputer port to achieve the purpose of sensitively 

controlling the control relay. 

3.3.2 Three-stage tube amplifier circuit 

A triode is a semiconductor component that has the function of amplifying current. Its 

essence is to make two PN junctions close to each other on a semiconductor substrate. 

The whole semiconductor is divided into three parts by two PN junctions, and the 

middle is the base region. The two sides are the emitter area and the collector area. 

The port of the microcontroller can be connected to a 4.7KΩ resistor, and then 

connected to the base of the triode. The collector of the transistor is connected to the 

IN port of the relay, and the emitter is grounded. At this time, the port of the 

microcontroller The output level signal can be amplified to a size that can sensitively 

control the opening and closing of the relay. 

3.4 Pump opening and closing control module 

This design is to control whether the water pump is connected to the power supply by 

connecting the water pump and the power supply through a relay, and through the 

opening and closing of the relay. 
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Connect the positive pole of the water pump to the normally closed terminal of the 

relay, connect the positive pole of the power supply to the common terminal of the 

relay, and then directly connect the negative pole of the water pump to the negative 

pole of the power supply. In this way, when the water level has not yet reached the 

warning water level, the single-chip microcomputer does not input a level signal to the 

relay. At this time, the normally closed terminal and the common terminal are 

connected, that is, the water pump is powered on, and the water pump in the sewage 

treatment tank A continues to pump water to the sewage treatment tank B. , when 

the water level in the sewage treatment tank B reaches the warning water level, the 

single-chip computer judges the data returned by the ultrasonic sensor, and the 

control port inputs a high level to the relay. At this time, a voltage appears on the 

relay coil, and the common terminal and the normally closed terminal are disconnected. 

Open, connect with the normally open end, the water pump is powered off and stops 

pumping. 

 

4. Software design 

4.1 Programming ideas 

This device uses 51 single-chip microcomputer as the main control center, and uses 

keil uVision4 software for program design. The program adopts the modular design 

idea, which mainly includes the initialization parameter function module, the LED 

display display function module, the transmitting ultrasonic function module, the 

distance calculation function module, and the interrupt processing function module. 

When the whole system starts up, first call the initialization parameter function in the 

main function to initialize the timer in the microcontroller, each parameter and the 

echo receiving port echo and ultrasonic trigger port trig of the ultrasonic sensor, and 

then the system enters the loop to control the ultrasonic sensor The ultrasonic wave 

is continuously emitted, and the 51 MCU continuously waits for the echo. When the 

system receives the echo, it calls the calculation distance function to calculate the 

current distance from the obstacle, and calls the LED display display function 100 

times in a loop to display the current distance on the LED. on the display. After each 

display of data, call the initialization function to re-initialize the I/O port of the 

ultrasonic sensor, so that it can transmit and receive ultrasonic waves when entering 

the next cycle. The program flow chart is as follows: 
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4.2 Key function code 

4.2.1Transmit ultrasonic function 

void Trig_SuperSonic(void) 
{ 
 trig=1; 
 _nop_(); 
 _nop_(); 
 _nop_(); 
 _nop_(); 
 _nop_(); 
 _nop_(); 
 _nop_(); 
 _nop_(); 
_nop_(); 
 _nop_(); 
 _nop_(); 
 _nop_(); 
 _nop_(); 
 trig=0; 
} 

The above is the function used to control the ultrasonic sensor to emit ultrasonic waves. 

When the ultrasonic sensor is activated, the ultrasonic module will automatically send 

out 8 square waves of 40KHZ, that is, ultrasonic waves. If you want to start the 

ultrasonic sensor, you must first control the trig port to send out a high level for at 

least 10 microseconds, so in this function, first set the trig port to 1, that is, send a 

high level, and then call multiple _nop_() functions, This function is equivalent to the 
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assembly NOP instruction, which can delay a few microseconds. Finally, set the trig to 

0. Through the above operations, one ultrasonic wave emission is completed. 

4.2.2 Distance measurement function 

void measure_Distance(void) 
{ 
 TR0=1; 
 while(echo) 

{ 
 ; 
} 
TR0=0; 
time=TH1*256+TL1; 
distance=int(0.017*time); 
if(distance<=10) 
{ 
 P2^2=1; 
} 
else 
{ 
 P2^2=0; 
} 

} 
 

The above function is used to measure the distance between the ultrasonic sensor 

and the warning water level. Before calling this function, the ultrasonic transmitting 

function should be called to transmit the ultrasonic wave, and then wait for the echo. 

When the echo arrives, this function is called. From the ultrasonic ranging principle 

introduced above, we can see that, When the echo is detected, the receiving port echo 

of the ultrasonic sensor will emit a high level, and the duration of the high level is the 

time for the ultrasonic wave to propagate in the air. Therefore, in the program, first 

set TR0=1, turn on the timer, and then use The while loop waits for the high level of 

the echo port to end, and sets TR0=0 to turn off the timer. At this time, the data 

stored in the timer is the ultrasonic propagation time. Both TH0 and TL0 are 8-bit 

registers, so I want to put TH0 and TL0 on In a variable, you need to put TH0 into the 

upper 8 bits, you need to multiply it by 256, and multiply the measured time by the 

coefficient 0.017 to get the measured distance. The coefficient 0.017 here is obtained 

as follows: the speed of sound in the air is 340 meters in seconds. The distance that 

a sound wave travels in one microsecond is 0.00034 meters, which is 0.034 

centimeters, and divided by 2 is the one-way distance in 1 microsecond: 0.017 

centimeters. After calculating the distance, it is necessary to judge whether the water 

level has reached the warning water level according to the distance. I use the if 

statement to judge whether the distance is greater than 10 cm. If it is greater than 
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10 cm, the water level has reached the warning water level. At this time, set P2^2=1 

to control the output of this port. High level, the relay is closed to power off the pump 

and stop pumping, otherwise, set P2^2=0, the pump continues to pump water. The 

parameter 10 cm here can be adjusted according to the specific situation. 

4.2.3 Main function 

void main(void) 
{ 
 unchar a; 
 Init_timer0(); 

Init_Parameter(); 
while(1) 
{ 
 Trig_SuperSonic(); 
 while(echo == 0) 
 { 
  ; 

} 
Measure_Distance(); 
for(a=100;a>0;a--) 
{ 
 display(distance); 
} 
Init_Parameter(); 

} 
} 

The main function is to call each function module to control the operation of the whole 

device according to the overall design idea of the program introduced above. 

4.3 Program debugging 

After the program is designed and debugged correctly, the program is burned into the 

51 single-chip microcomputer, and each hardware module of the device is connected 

according to the corresponding pins, and the sensitivity of control and the accuracy of 

distance measurement are verified by continuous testing of the real object. and the 

correctness of the program. And continue to debug the program, modify the program, 

and adjust the distance parameters, time parameters and other parameters in the 

program according to the actual running results. In order to achieve the intelligent 

pumping control device can run various functions perfectly under the control of the 

program. 

 

5. Epilogue 

The intelligent water pumping control device designed in this paper can measure the 

height from the liquid level through the ultrasonic sensor, and display it on the digital 

tube in real time. The device has the advantages of low cost, accurate measurement 
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and fast response, and is of great help to the design of sewage treatment devices. At 

present, this device still has the shortcomings of inconvenient adjustment and remote 

operation. After the warning water level is set in the program, if you want to adjust it, 

you must rewrite the program, set the parameters, and burn it into the 51 single-chip 

microcomputer. It is not convenient in practical application. In the future, it is hoped 

that a networking function can be added to the device, so that users can remotely 

adjust and control parameters such as liquid level and height through a mobile phone. 
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