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Abstract 
This paper designs a shower water-saving device. For safety reasons, the power supply 
in this design does not use power supply or battery, but uses water flow generator to 
convert kinetic energy into electric energy to supply energy for our devices. A switching 
power supply circuit is designed to generate the required DC voltage for the device. In 
order to know exactly the water amount has been used, we convert the AC signal of water 
flow generator into square wave pulse signal, and calculate the water flow through single 
chip microcomputer. Through the use of single chip microcomputer, the LED light can be 
controlled to indicate the amount of water consumption. When the blue light is on, 7.3 
liters of water has been used; When the green light is on, it indicates that less than 11 
liters of water has been used; Once the water consumption exceeds 11 liters, the red light 
will light up to remind users to pay attention to water conservation. 
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1. Introduction 

Since the issuance of the national water conservation action plan in April 2019, 20 departments 
including the national development and Reform Commission, the Ministry of water resources and the 
Ministry of education have jointly promoted water conservation in the whole society, 
comprehensively improved the utilization efficiency of water resources, formed a water-saving 
lifestyle, guaranteed national water security and promoted high-quality economic and social 
development. According to the water resources bulletin of Jiangsu Province in 2020, the total water 
consumption of Jiangsu Province is 45.27 billion m3. Among them, the agricultural water 
consumption is 266 600 million m3, occupying 58.9% of the total water; Industrial water 
consumption is 11.76 billion m3, accounting for 26.0% of the total water; Domestic water 
consumption is 6.37 billion m3, accounting for 14.1% of the total water [1]. 

The waste of water resources in urban life is a very common behavior. Due to the lack of water-saving 
consciousness, it will not form self-restraint in the use of water resources, so it forms a habitual waste 
behavior. For example, many people waste a lot of water resources when using shower [2]. In order 
to let people get water-saving tips when using shower, we designed a shower water-saving device 
based on single chip microcomputer.  

2. System Design 

2.1 Overall Scheme 

The hardware of the whole system mainly includes water flow power generation sensor, AC-DC 
power conversion circuit, Bluetooth module, waveform conversion circuit and MCU control circuit. 
When the water flows into the water flow power generation sensor, an AC electric signal is generated, 
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one of which is sent to the AC-DC power supply system, which is converted into 5V DC power after 
rectification and filtering, and supplied to the waveform conversion circuit and single chip 
microcomputer; Another signal is sent to the waveform conversion circuit, and the AC signal of the 
water flow power generation sensor is converted into a square wave signal through the LM358 
comparison circuit. After receiving the square wave pulse signal, the single chip microcomputer 
detects the number of pulses by opening the external interrupt. The amount of water consumption is 
known by the number of pulses. According to the experimental test results, we calculate that when 
the single chip microcomputer detects 2728 pulses, the water consumption is about 1L. So we made 
the following settings: when the single chip microcomputer detects less than 20000 square wave 
pulses, the corresponding water consumption is less than 7.3l, and the blue LED light is on; When 
the single chip microcomputer detects 20000 to 30000 square wave pulses, the water is between 7.3l 
and 11L, and the green light is on; When the single chip microcomputer detects more than 30000 
square wave pulses, the water consumption reaches 11L, and the red light is on. At the same time, we 
also designed a Bluetooth module, which can connect to the mobile app and send the water 
consumption to the mobile app, so that users can know the daily water consumption. The overall 
block diagram of the system is shown in Fig. 1. 

 

 
Fig. 1 Overall system block diagram 

2.2 Hardware Circuit 

2.2.1 AC-DC Power Conversion Circuit 

The single chip microcomputer and waveform shaping circuit of the system need an external 5V DC 
power supply, and the power supply voltage from the water flow generator is an alternating current 
that changes with the change of speed, so the power conversion circuit should be designed, as shown 
in Fig. 2. In order to design the power conversion circuit, we choose the three terminal voltage 
stabilizing integrated circuit LM7805, which has three pin outputs: input terminal, grounding terminal 
and output terminal. The signal ripple of LM7805 output is very small. A DC regulated power supply 
can be built with a very simple small circuit [3]. The output voltage of LM7805 is just 5V, which is 
exactly the voltage of most MCU. Since the input voltage of LM7805 three terminal voltage 
stabilizing integrated circuit is between 7V and 30V, but the maximum output voltage of water flow 
power generation sensor is only 20V, there is no voltage limiting protection circuit in this design. 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0095

 

803 

In this design, the AC current generated by the water flow power generation sensor is rectified by the 
rectifier bridge and becomes a DC signal. The clutter in the circuit is filtered through C1 and C2 
capacitors to produce a basically smooth DC signal. The DC signal is converted into 5V DC through 
LM7805 three terminal voltage stabilizing integrated circuit, and is supplied to MCU and waveform 
conversion circuit after C3 capacitor filtering. 

 

 
Fig. 2 AC-DC power conversion circuit 

2.2.2 Water Flow Generator Sensor 

The water flow generator sensor in this design uses the water pressure in the water supply pipe 
network to generate electricity, and converts the mechanical energy in the water supply pipe network 
into electrical energy [4]. In the water supply network, the water with water pressure is pressurized 
again through the horn inlet, so that the impeller can obtain power even when the water pressure is 
very low. Driven by the water flow, the impeller can rotate around the shaft and convert the water 
pressure into rotating mechanical energy. The impeller is connected with the power generation 
mechanism through the bearing to drive the coaxial generator rotor to cut the magnetic induction line, 
and the induced electromotive force can be generated on the stator winding of the generator. When 
the stator winding is connected with the external circuit through copper wire, an AC signal is 
generated. The water flow sensor is shown in Fig. 3. 

Some technical conditions of the water flow power generation sensor used this time: (1) maximum 
output voltage = ac20v; (2) Maximum output current ≥ 100mA (12V); (3) One way closure of water 
outlet, maximum pressure resistance = 0.6MPa; (4) Maximum pressure resistance of water outlet 
opening = 1.2MPa; (5) Minimum starting water pressure = 0.05Mpa. 

 

 
Fig. 3 Schematic diagram of water flow power generation sensor 
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2.2.3 Waveform Conversion Circuit 

The sinusoidal AC signal output by the sensor of the water flow generator is generated by the rotation 
of the impeller around the shaft driven by the water flow, that is, one cycle of AC signal will be 
generated when the impeller rotates for one cycle. Therefore, the amount of water can be converted 
by calculating the number of cycles of the AC signal. However, the timer of MCU can only sample 
the number of external pulse signals, so it needs an external waveform conversion circuit. As shown 
in Fig. 4, the LM358 works with 5V DC rectified from the LM7805. The AC signal is input from the 
LM3583 pin and filtered out the clutter in the signal through a 0.1uF capacitor. By adjusting the 
adjustable resistance of RP2, the two pins of LM358 chip have a suitable input reference voltage. 
After comparison through the internal comparison circuit of LM358, the shaped square wave signal 
is output from pin 1 to MCU P3 4 port inspection. 

 

 
Fig. 4 waveform conversion circuit 

2.2.4 Status Indication Circuit 

The counter of single chip microcomputer is essentially a plus 1 counter, and its control circuit is 
controlled and switched by software. When the counter is in counting mode, the external signal is 
counted through pins t0 and T1, and the falling edge of the external pulse will trigger the counting. 
The single chip microcomputer counts the square wave pulse output by the waveform conversion 
circuit, and calculates the water consumption according to the corresponding relationship between 
the number of pulses and the water consumption. We set that when the water consumption is lower 
than 7.3l, the blue LED light will be on, when the water consumption is between 7.3l and 11L, the 
green light will be on, and when the water consumption reaches 11L, the red light will be on. At the 
same time, in order to know whether the water flow power generation sensor is generating power, we 
set up a power indicator. As long as the water flow power generation sensor starts working and the 
LM7805 three terminal regulator works normally, the power indicator will be on. 

2.2.5 Bluetooth Serial Port Module 

Bluetooth serial port module is a device that creates a serial port between Bluetooth devices for data 
transmission based on spp protocol. The purpose of this design is to send the water flow data of MCU 
to mobile phone through Bluetooth serial port. The Bluetooth module used this time is hc-06 
Bluetooth serial communication module [5]. Hc-06 Bluetooth serial port module is a Bluetooth 
module widely used in industrial and civil design. It has the advantages of simple structure, 
convenient use, built-in antenna and moderate size. The power supply of hc-06 Bluetooth module is 
3.1V to 6V, with built-in 2.4G antenna. Bluetooth 2.0 standard is used, and data is sent and received 
through UART serial port. Meanwhile, hc-06 Bluetooth module supports Android, WINXP and win7 
systems. 

In order to use the Bluetooth serial port module, in addition to the cooperation of the MCU program, 
we also need to use the mobile phone to set up the Bluetooth serial port module. First, we need to 
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download a debugging Bluetooth serial port mobile phone app, and then turn on the Bluetooth 
function of the mobile phone. Scan the nearby Bluetooth in the mobile app to find the hc-06 Bluetooth 
module. Then check start pairing. Generally, the initial password of hc-06 Bluetooth serial port 
module is: "1234". After successful pairing, we can use hc-06 Bluetooth serial port module normally. 

2.2.6 LCD Display 

Because the display screen is used to display the number of pulses in the process of experimental test, 
LCD1602 is one of the important components of this design. LCD1602 is a commonly used character 
LCD, which can display 32 characters simultaneously on the screen. The principle of LCD1602 
display is to use the physical characteristics of liquid crystal and adjust its display content through 
voltage, that is, characters can be displayed. LCD1602 is a dot matrix LCD module specially used to 
display letters, numbers and symbols. Each dot matrix character bit can display a character. There is 
a dot spacing interval between each dot matrix character bit, and there is also a dot spacing interval 
between each line. These intervals play the role of character spacing and line spacing, but LCD1602 
cannot display graphics. LCD1602 LCD interface is shown in Fig. 5. 

 

 
Fig. 5 LCD1602 

2.2.7 STC12C5204AD Single Chip Microcomputer 

 
Fig. 6 Minimum system of single chip microcomputer 

 

Single chip microcomputer is a single chip microcomputer that puts the main functions of 
Microcomputer on one IC chip. This design uses the single chip microcomputer STC12C5204AD as 
the controller, which has the advantage of wide voltage and can work normally from 4.0V to 5.5V 
[6]. The MCU adds an external power down detection circuit, which can save the data into EEPROM 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0095

 

806 

in time when the power is down. The minimum system of STC12C5204AD single chip 
microcomputer includes crystal oscillator circuit and reset circuit. As shown in Fig. 6. 

2.3 Software Design 

2.3.1 Main Program Design 

The function of the program is that after the single chip microcomputer detects a certain pulse, it can 
realize the conversion of light according to the setting. In addition, the number of pulses and 
communication with Bluetooth can be displayed on LCD1602. When the program is running, first 
run the macro definition part. It includes defining function header files, defining IO ports, defining 
variables, declaring subroutines and delay programs for calls, etc. Then the program will initialize 
the LCD1602 display, external interrupt and serial port. Then the program will enter the while (1) 
cycle. The purpose of the cycle is to continuously detect the number of external pulses to judge the 
water consumption, and light up lights of different colors at different water consumption. After that, 
the program will convert the number of external pulses into water consumption and send it to 
LCD1602 display and Bluetooth serial port. The main program is shown in Fig. 7. 

 

 
Fig. 7 Main program 

2.3.2 Subroutine Design of Water Flow Measurement 

The function of the water flow measurement subroutine is to count the water flow, and finally transfer 
the data to the main function. SCM counter is a+1 counter. When the single chip microcomputer 
counter works, the pulses output by the conversion circuit are counted through pins t0 and T1, and 
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the falling edge of the pulses output by the conversion circuit will trigger the counting. If the sampling 
value of one machine cycle is 1 and the sampling value of the next machine cycle is 0, the counter 
increases by 1. The single chip microcomputer counts the total pulse output by the waveform 
conversion circuit and compares the data after calculating the flow. 

2.3.3 LCD1602 Display Subroutine Design 

Lcd0602 display subroutine is the program to be called by the main program of the system. The 
program design is shown in Fig. 8. 

 

 
Fig. 8 Displayed subroutine 

3. System Commissioning 

3.1 Experimental Data 

According to the test data, it can be calculated that when the single chip microcomputer detects 2728 
square wave pulses, 1L water flows through the water flow power generation sensor. Therefore, we 
set in the program that when the single chip microcomputer detects less than 20000 square wave 
pulses, the blue LED light will be on, that is, the water consumption is less than 7.3l. When the single 
chip microcomputer detects 20000 to 30000 square wave pulses, the green light is on, that is, the 
water consumption is between 7.3l and 11L. When the MCU detects more than 30000 square wave 
pulses, that is, when the water reaches 11L, the red light lights up. 

3.2 Hardware Debugging 

Fig. 9(a) shows the experimental scenario when the water consumption is small, and the water 
consumption is about 0.18l. When the water consumption is 7.3l to 11L, the single chip 
microcomputer controls the green LED light to emit light, and displays the water consumption on 
LCD1602 at the same time. Fig. 9(b) shows the experimental scene when the water consumption 
exceeds a certain amount. At this time, the displayed value is about 7.49l. 
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(a)                                       (b) 

Fig. 9 (a) Experimental scenario 1 and (b) Experimental scenario 2 

4. Conclusion 

Aiming at the current demand for water conservation, this paper designs a shower water saving device. 
The device takes single chip microcomputer as the core and controls the lighting and extinguishing 
of different LEDs according to the amount of water flow. In addition, the device is equipped with a 
power generation device, which ensures the safety of users and has certain popularization value. 
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