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Abstract 
 

A device for monitoring the pH level of swimming pool water and an IoT-based automatic solenoid valve control has been specially 

designed. This system consists of several main components, including a pH sensor that continuously monitors the pH level in swimming 

pool water. This sensor will be connected to the Esp32 Board microcontroller which has been programmed to retrieve pH data periodically. 

The collected data will be sent via an internet connection to the cloud platform and can then be accessed via a mobile application to display 

real-time pH level messages. In addition, this system is also equipped with automatic solenoid valve control. Based on the measured pH 

data, the system will be able to make a decision to open or close the solenoid valve. If the pH level is outside the set limit, the system will 

automatically activate the solenoid valve to open the floodgates for filling water into the swimming pool, thus maintaining the pH balance 

automatically. In the design system for monitoring the pH level of swimming pool water and controlling this automatic solenoid valve 

using a pH-014 sensor which functions to detect the pH level in swimming pool water. 
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1. Introduction 

pH (hydrogen potential) is a measure of the acidity or base content of a swimming pool. PH can affect the health and well-being of pool 

users, as well as the cleanliness and clarity of pool water. If the pH of the pool water is too low (below 7), the pool water is too acidic. This 

can cause irritation to the eyes, nose and throat of the user, as well as corrosion to the pool, air passages, filtration system and can damage 

pool equipment such as pumps, filters and chemical treatment equipment. Conversely, if the pool's pH value is too high (above 8), the pond 

is too alkaline. This can cause skin, hair, and eye irritation and make the pool look cloudy and muddy. Water that is too alkaline can also 

reduce the effectiveness of chemical products such as chlorine which can reduce the ability to kill bacteria and keep pool water clean. 

Chlorine levels in swimming pools are useful for killing pathogenic microorganisms if there are excessive amounts in the water it can cause 

health problems and a water pH that is too high or too low produces an optimal chlorine effect and can cause calcareous deposits. 

The research was conducted by Kursani E, student of Yulianto B at the Hang Tuah High School of Health Sciences Pekanbaru in 2019 

with the research title "Analysis of Residual Chlorine and Phair Levels in Public Swimming Pools in Pekanbaru City". In this study, the 

pH of water is divided into 2, namely some are acidic and some are alkaline. Water is said to be acidic if the pH is less than 7, while alkaline 

is more than 7 and 7 can be said to be neutral [1]. 

 

2. Previous Research 

2.1. Monitoring 

Monitoring is a cycle of activities that includes the process of collecting, reviewing reports and acting on information about a process that 

is being implemented. The surveillance system collects information about yourself and analyzes this information for your purposes. 

Maximize all available resources. The data collected is usually real-time data [2]. 

2.2. Theory of pH levels 
The level of pH or degree of acidity is used to express the level of acidity or base possessed by a substance, solution or object. pH levels 

in the morning 7.2 during the day 7.6 in the evening 7.2 water temperature in the morning 30.8°C during the day 31.1°C in the afternoon 

31.4°C longer swimmers > 1 hour 72% use more swimming goggles who do not use 69% and complaints of greater eye irritation who do 

not experience complaints of eye irritation 81% [3]. 
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2.3. Swimming Pool Water  
Swimming pool water is water in a place in the form of a pool which is used for sports with the condition that its quality must meet health 

requirements. Swimming pool water quality must be fully maintained regularly and continuously, so that the water will be free from 

contamination/pollution. Swimming pool water is one of the water sources that can be a place for transmission of disease transmission 

between people [4]. 

 
2.4. Selenoid Valve 
Solenoid valves are valves that are controlled by electrical energy via solenoids and have a coil as an actuator that uses AC or DC power 

to move the controlled piston. Solenoid valves have an inlet and an outlet. The function of the solenoid valve is to close, discharge, measure, 

distribute or mix fluids [5]. 

 

2.5. Microcontroller 
Microcontroller is a digital electronic device that has input and output as well as control with a program that can be written and deleted in 

a special way, how the microcontroller actually reads and writes data. Programming on the microcontroller works by changing the value 

read on the sensor [6]. 

 
2.6. Esp32 Board 

ESP32 is one of the microcontroller families introduced and developed by Espressif Systems. ESP32 is the successor of the ESP8266 

microcontroller. This microcontroller is compatible with Arduino IDE. ESP32 has been integrated with an independent WiFi network as 

an ESP32 bridge with WiFi and added BLE (Bluetooth Low Energy) on the chip so that it is very supportive and can be a good choice for 

creating Internet of Things application systems [7]. 

 

2.7. Internet Of Things 
Internet of Thing consists of 2 keywords, Internet and Things. Internet, has the meaning of interconnection-networking, where computer 

networks are connected to one another using the TCP/IP protocol. The way the internet of things works is that every object that has an 

internet of things sensor or module installed sends data or information to users via the internet and can be accessed anytime and anywhere 

without being limited by distance. The function of the internet of things itself is to facilitate monitoring and controlling of objects in 

everyday life. In addition, the information obtained can be obtained at any time on the internet of things [8]. 

 

2. Research methodology 
 

3.1. Research Materials and Equipment 
The implementation method in this study is generally divided into 5 stages as shown in the following diagram:  

 

Fig. 1: Research Workflow 

 
The materials used for Monitoring Pool Water PH Levels and Controlling Automatic Selenoid Valves Based on the Internet of Things 

are as follows: 

 1. The hardware used in this study is as follows: 

a) ESP32 Board 

b) pH-014 sensor 

c) Solenoid valves NC 3/4 

d) Relays 2 channels 5v 

e) Mini water pump 

f) Water hose 

g) Breadboards 

h) Acrylic 

i) Jumper Cables 

j) Smartphones 

k) Some Glue and insulation 

l) Solder and Solder Tin 

 2. The software used in this study is as follows: 

a) Arduino IDE 

b) Fritzing 

c) Microsoft Word 

 

3.2. Circuit block diagram 
Hardware planning is designing electronic components in such a way that they have the desired function. In general, the tool design 

planning can be seen in Figure 2 as follows. 

Tool Prototype 

Design 
Prototyping Tool Making Testing Data analysis 
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Fig. 2: System Block Diagram on the Esp32 Board 

The description of the Flowchart above is as follows: 

1. The Esp32 Board functions as the brain and controller function in the electronic system. 

2. The pH-014 sensor sends a message via the Esp32 Board to the tele bot, the pH-014 sensor functions to measure the acidity level 

in swimming pool water. 

3. Then the tele bot receives a message, if the pH level is normal there are no more commands, if the pH level is high or low it will 

send an active command to the relay 

4. The 2Chan 5v relay functions as a switch for the Solenoid valve and the water pump. 

5. The Solenoid valve NC 3/4 serves to fill clean water into the swimming pool and the water pump functions as a disposal for water 

with an abnormal pH. 

6. After that the water will be removed and refilled, if the water pH level is normal it will stop automatically. 

3.3. The Whole Range of Tools 
This circuit is composed of the components needed to design the tool so that the data tool works as desired, which can be seen in Figure 3 

below. 

Fig. 3: The Whole Range of Tools 

 

The explanation of Figure 3 is as follows: 

a. ESP32 is one of the microcontroller families introduced and developed by Espressif Systems. ESP32 is the successor of the 

ESP8266 microcontroller. The pins on the Esp32 Board have 39 input and output pins. 

b. The pH-014 sensor is a sensor that is a module that functions to detect the pH level of water, where the output is in the form of an 

analog voltage. The range of PH values is between numbers between 0 and 14 with the provisions as in table III.2 below. 

c. Relay 2Ch is a device that acts as a switch that works according to the electromagnetic principle. The relay will work if it is 

energized and disconnected if there is no electricity. The relay has output NO (Normally Open), COM (Common), NC (Normally 

CLose) 

d. Water pumps are used to distribute water as well as fill and dispose of water in swimming pools where the pH level of the water is 

abnormal. In this design, a mini water pump is used which only has a small power. 

e. Solenoid valves are actuators that use AC or DC power to drive a controlled piston. Solenoid valves have an inlet and an outlet. 

Serves as a water filling in the swimming pool. 

f. Electric current is used to flow power current to each device. 

 

Detect Source 

pH-014 sensor 

Command Text 

Tele Bot 

Command 

execution 

Esp32 board 

Selenoid 

Relay 2chan 

Water pump 

Water 

Filling 

Water 

disposal 

Yes 

No 
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4.  Flowchart System  
Software planning starts from making flowcharts (flow diagrams) to facilitate planning and programming on the microcontroller. Making 

a flowchart (flow chart) also aims to make it easier to understand the work process of this tool. The program flowchart of this Final Project 

includes the control system for the running of this tool can be seen in Figure 4. 

Fig. 4: Flowchart System 

Information : 

From the flowchart above, it can be explained that the design of this tool consists of several paths. 

1. Start the program 

2. Perform ON mode on the pH-014 sensor 

3. Check the connection on the telegram bot 

4. Checking the telegram bot messages sent from the pH-014 sensor 

5. Order a water change order if a low or high pH level is detected 

6. Filling the pool water 

7. Disposing of pool water that is not normal 

8. If not, will re-check in real-time 
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5. Implementastion and Testing 

 
5.1 Hardware Set 

After all the completed circuits have been designed in "Design of a swimming pool water pH monitoring system and automatic internet-

based solenoid valve control", then all the completed circuits are combined. The following is a picture of the results of the system design 

shown in Figure 5. 

Fig. 5: Hardware Set 

 

5.2 Testing 

For the results of testing the pH of the water under normal circumstances here I use clean water with a pH value of 6 to 8. The results of 

testing the pH of the water in an acidic condition I use lemon/orange water with a pH value below 6. The results of testing the pH of the 

water in an acidic condition I use soapy water with a pH value above 6. 
 

6. Conclusion 

After carrying out the design and manufacture stages of the system which is then followed by the testing and analysis stage, the following 

conclusions can be drawn: 

1. The working principle of WI-FI on the device system is as a communication medium between the device system and the Android 

cellphone. 

2. An Android phone can be used as a monitoring tool for monitoring swimming pool water pH sensors using an application that can 

be downloaded on the internet. 

3. The Esp32 Board functions as a controller, data receiver, and data processor as well as a WI-FI signal receiver that can be connected 

to Android.  
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