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ABSTRACT: Traditional water heaters often rely on manual temperature control, which may lead to overheating, 

energy wastage, and potential safety hazards. To overcome these limitations, efficient and automated temperature 

monitoring systems are required to ensure safe and optimized water heating. This project focuses on the design and 

implementation of an intelligent water heating system that monitors and controls water temperature in real time. The 

proposed system is built using an Arduino Uno microcontroller and a waterproof temperature sensor to continuously 

measure the temperature of water inside the heater. The temperature sensor collects real-time data and sends it to the 

microcontroller for processing and analysis. Based on the measured temperature values, the microcontroller 

automatically controls the heater using a relay module to maintain the desired temperature range. When the water 

temperature exceeds the predefined limit, the relay switches off the heater to prevent overheating. Similarly, when the 

temperature falls below the set threshold, the system activates the heater to maintain the required temperature. This 

automated approach improves safety, energy efficiency, and user convenience compared to conventional water heating 

systems. The integration of microcontroller-based control and real-time monitoring ensures optimal heating 

performance while reducing human intervention. The proposed system demonstrates the potential for developing smart 

and energy-efficient water heating solutions suitable for residential and industrial applications. 
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I. INTRODUCTION 

 

Water heaters are widely used in homes, industries, and commercial buildings to provide hot water for various daily 

activities such as bathing, cleaning, cooking, and other industrial processes. In many places, water heaters play an 

important role in improving comfort and convenience for users. However, most traditional water heating systems 

operate with simple manual controls and do not include advanced monitoring or automatic regulation features. Because 

of this limitation, users have to manually switch the heater ON and OFF, which is not always efficient or safe. In 

conventional systems, there is no proper mechanism to continuously monitor the temperature of the water. Due to the 

absence of automatic temperature control, the heater may continue heating even after the required temperature is 

reached. This can result in overheating of water, which may create safety issues and discomfort for users. In addition, 

when heaters remain ON for a longer period than necessary, it leads to unnecessary energy consumption and increases 

electricity usage. Another important drawback of traditional water heaters is the lack of a proper monitoring system. 

Users cannot easily know the exact temperature of the water in real time. Because of this, it becomes difficult to 

maintain the desired temperature level. These limitations highlight the need for a smarter and more reliable water 

heating system that can operate automatically and safely. To overcome these problems, an intelligent water heater 

system is developed in this project. The system uses a temperature sensor, microcontroller, and relay module to monitor 

and control the water temperature automatically. The temperature sensor continuously measures the water temperature 

and sends the data to the microcontroller for processing. Based on the temperature value, the system controls the heater 

through the relay module. By automatically regulating the heating process, the system helps maintain the required 

temperature level without manual intervention. This improves safety by preventing overheating and also reduces energy 

wastage by switching the heater OFF when the desired temperature is reached. As a result, the intelligent water heater 

system ensures safer operation and more efficient use of electrical energy. 
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II. METHODOLOGY 

 

The proposed intelligent water heater system is designed to automatically monitor and control water temperature 

through a microcontroller-based setup, ensuring safe and efficient heating. A waterproof temperature sensor 

continuously measures the water temperature inside the container and sends real-time data to the Arduino Uno 

microcontroller, which processes the readings and compares them with the user-defined temperature setting. Based on 

this comparison, the microcontroller controls a relay module to switch the heater element ON or OFF, maintaining the 

desired temperature and preventing overheating. Users can easily set their preferred temperature using a 4×4 keypad, 

while a 16×2 LCD display provides continuous updates on the current temperature and system status. Additionally, a 

mini-MP3 player module delivers voice alerts to notify the user when the target temperature is reached or when the 

heater’s status changes, enhancing convenience and awareness. The system operates on a regulated power supply, 

converting 230V AC to 5V DC, and integrates all components to achieve automated, energy-efficient, and user-friendly 

water heating. This methodology combines real-time temperature sensing, automated relay control, and interactive 

feedback to offer a smarter, safer, and more efficient alternative to conventional water heaters. 

 

III. PROPOSED SYSTEM 

 

The proposed intelligent water heater system operates by continuously monitoring the water temperature using a 

temperature sensor, which sends real-time readings to the Arduino microcontroller. The user sets the desired water 

temperature via a keypad, and the microcontroller continuously compares the actual temperature with this set value. If 

the water temperature falls below the desired level, the microcontroller activates the heater through a relay, turning it 

ON, and once the temperature exceeds the set value, the heater is switched OFF to prevent overheating. The current 

temperature and system status are displayed on a 16×2 LCD for user reference, while a mini-MP3 module provides 

voice alerts to notify the user of changes in the heater’s operation, ensuring safe, efficient, and convenient water heating. 

The intelligent system ensures precise temperature control, preventing energy wastage and water overheating.  

 

S.No Component Purpose 

1 Arduino Uno Main controller 

2 
16x2 LCD (I2C - 

PCF8574) 
Display output 

3 4x3 Matrix Keypad User input 

4 DS18B20 Sensor Temperature measurement 

5 Relay Module Control external devices 

6 
DFPlayer Mini 

(optional) 

Audio output (not used in 

code) 

7 Power Supply (5V) Provide power 

8 
Jumper Wires & 

Breadboard 
Circuit connections 

9 4.7kΩ Resistor Pull-up for DS18B20 

 

TABLE- 1 Components and its Function 
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This system uses an Arduino Uno as the main controller to manage all operations. In Table 1 displays temperature and 

system status, while the keypad allows user input.The DS18B20 sensor measures temperature, and the relay controls 

the heater accordingly. Power supply and supporting components ensure proper connections and stable operation. 

 

 
 

Figure 4.1 Intelligent Water Heater with Temperature Monitoring and Control 

 

IV. BLOCK DIAGRAM FOR PROPOSED SYSTEM 

 

The Block Diagram represents the overall structure and working of the intelligent water heater system. In this system, 

the power supply unit provides the required electrical energy to operate all the components such as the microcontroller, 

temperature sensor, relay module, keypad, LCD display, and other modules. The Arduino Uno microcontroller acts as 

the central control unit that coordinates the functioning of all the connected components in the system. The temperature 

sensor continuously measures the temperature of the water and sends the measured data to the Arduino microcontroller. 

In Figure 4.1, the desired temperature using the 4×4 keypad, which acts as an input device for the system. The 

microcontroller reads both the sensor data and the user input, processes the information, and determines whether the 

heater should be turned ON or OFF based on the set temperature value. Based on the processed data, the Arduino sends 

control signals to the relay module, which switches the heater ON or OFF accordingly. The LCD display is used to 

show important information such as the current water temperature and system status. In addition, the speaker and MP3 

module provide audio alerts to notify the user when the water reaches the required temperature or when any system 

condition changes. Thus, the block diagram illustrates how all the components interact to achieve automatic 

temperature monitoring and control in the intelligent water heater system. 

 

V. IMPLEMENTATION AND WORKING 

 

 
Figure 5.1 Circuti Diagram of Water Heater with Temperature Monitoring 

 

The hardware connections of the intelligent water heater system using an Arduino Uno microcontroller. An AC to DC 

adapter converts the 230V AC mains supply into a regulated 5V DC power supply, which is used to power the Arduino 

board and other electronic components in the system. The temperature sensor is placed near the water container to 

continuously measure the temperature of the water. 

 

The temperature sensor output pin is connected to one of the analog input pins of the Arduino, allowing the controller 

to read the temperature values as electrical signals. A 4×4 keypad is connected to the digital input pins of the Arduino 
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and is used by the user to set the desired water temperature. The system continuously compares the measured 

temperature from the sensor with the user-defined value to determine the heater operation. 

 

A relay module is connected to the Arduino digital output pin to control the water heater. When the water temperature 

is below the set value, the Arduino sends a signal to activate the relay, which turns the heater ON. When the required 

temperature is reached, the relay is turned OFF to stop heating. A 16×2 LCD display is connected to the Arduino 

through an I2C interface using SDA and SCL pins, allowing the system to display the current temperature, set 

temperature, and system status. 

 

VI. SOFTWARE IMPLEMENTATION 

 

#include "Arduino.h" 

#include "LiquidCrystal_PCF8574.h" 

#include "Relay.h" 

#include "Keypad.h" 

#include "DS18B20.h" 

 

#define DFPLAYER_PIN_TX 10 

#define DFPLAYER_PIN_RX 11 

#define RELAYMODULE_PIN_SIGNAL 12 

#define KEYPADMEM3X4_PIN_ROW1 6 

#define KEYPADMEM3X4_PIN_ROW2 7 

#define KEYPADMEM3X4_PIN_ROW3 8 

#define KEYPADMEM3X4_PIN_ROW4 9 

#define KEYPADMEM3X4_PIN_COL1 3 

#define KEYPADMEM3X4_PIN_COL2 4 

#define KEYPADMEM3X4_PIN_COL3 5 

#define DS18B20WP_PIN_DQ 2 

 

#define LCD_ADDRESS 0x3F 

#define LCD_ROWS 2 

#define LCD_COLUMNS 16 

#define BACKLIGHT 255 

 

char keypadmem3x4keys[4][3] = { 

  {'1','2','3'}, 

  {'4','5','6'}, 

  {'7','8','9'}, 

  {'*','0','#'} 

}; 

 

LiquidCrystal_PCF8574 lcdI2C; 

Relay relayModule(RELAYMODULE_PIN_SIGNAL); 

Keypad keypadmem3x4(KEYPADMEM3X4_PIN_COL1, KEYPADMEM3X4_PIN_COL2, 

KEYPADMEM3X4_PIN_COL3, 

                    KEYPADMEM3X4_PIN_ROW1, KEYPADMEM3X4_PIN_ROW2, KEYPADMEM3X4_PIN_ROW3, 

KEYPADMEM3X4_PIN_ROW4); 

DS18B20 ds18b20wp(DS18B20WP_PIN_DQ); 

 

const int timeout = 10000; 

char menuOption = 0; 

long time0; 

 

void setup()  

{ 

  Serial.begin(9600); 
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  while (!Serial); 

 

  lcdI2C.begin(LCD_COLUMNS, LCD_ROWS, LCD_ADDRESS, BACKLIGHT); 

  keypadmem3x4.begin(keypadmem3x4keys); 

  menuOption = menu(); 

} 

 

void loop()  

{ 

  if(menuOption == '2') { 

    lcdI2C.clear(); 

    lcdI2C.print("Circuit"); 

    lcdI2C.selectLine(2); 

    lcdI2C.print("Working"); 

    delay(1000); 

  } 

  else if(menuOption == '3') { 

    relayModule.on(); 

    delay(500); 

    relayModule.off(); 

    delay(500); 

  } 

  else if(menuOption == '4') { 

    char key = keypadmem3x4.getKey(); 

    if (isDigit(key) || key == '*' || key == '#') { 

      Serial.print(key); 

    } 

  } 

  else if(menuOption == '5') { 

    float tempC = ds18b20wp.readTempC(); 

    Serial.print("Temp: "); 

    Serial.print(tempC); 

    Serial.println(" C"); 

  } 

 

  if (millis() - time0 > timeout) { 

    menuOption = menu(); 

  } 

} 

 

char menu() 

{ 

  while (!Serial.available()); 

 

  while (Serial.available())  

  { 

    char c = Serial.read(); 

    if (isAlphaNumeric(c))  

    { 

      time0 = millis(); 

      return c; 

    } 

  } 

} 

 

 

VII. ALGORITHM 
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1. Start  

2. Initialize Serial communication  

3. Initialize LCD display  

4. Initialize Keypad, Relay, and Temperature Sensor  

5. Display menu options  

6. Read user input from Serial/Keypad  

7. Check selected option  

1. If option = 2 → Display message on LCD  
2. If option = 3 → Turn relay ON and OFF  
3. If option = 4 → Read keypad input and display  
4. If option = 5 → Read temperature from sensor  
8. For temperature monitoring:  

1. Read temperature value  

2. Display temperature on Serial/LCD  

9. Wait for some time (delay)  

10. If timeout occurs → Return to menu  
11. Repeat loop continuously  

12. Stop 

VIII. RESULT ANALYSIS AND DISCUSSION 

 

The system maintains precise and steady temperature control in the water heater. The heater turns on and raises the 

temperature when the water temperature falls below the predetermined level; real-time readings are shown on the LCD. 

In order to prevent overheating, the system precisely turns off the heater. Appropriate sensor placement, and a steady 

power source are critical to performance. The outcomes verify that the microcontroller-based control system offers 

secure, and energy-efficient water heating along with efficient user communication.  

 

 
 

Figure 8.1: Initialization 

 

This is a Smart Water Heater system built using an Arduino. In Figure 8.1 represents the LCD displays system status, 

while the keypad allows users to set the desired temperature. A temperature sensor monitors water heat, and the 

controller operates the heater automatically.The setup ensures safe, efficient heating with user-controlled input and 

real-time feedback. 
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Figure 8.2:  Set the Temperature 

 

The system allows the user to set the desired water temperature using the keypad. In Figure 8.2, displays the set 

temperature value for confirmation. An Arduino processes the input and compares it with the sensor reading.   

 
 

Figure 8.3: Heating Status 

 

The system begins heating once the temperature is set by the user. In Figure 8.3 displays “Heating Start” to indicate 

activation of the heater. The Arduino controls the heating element based on the set temperature. Heating continues until 

the desired temperature is reached and maintained. 
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Figure 8.4 Final Hardware Output 

 

The system is connected to a water heater for automatic temperature control. Figure 8.4 set the required temperature 

using the keypad, and it is shown on the display. The controller monitors temperature and manages the heating process 

accordingly. It ensures efficient heating with improved safety and user convenience. 

 

 

IX. CONCLUSION 

 

The intelligent water heater system effectively illustrates a micro controller-based, automated method for temperature 

monitoring and control. The system uses a sensor to efficiently measure the water's temperature and a relay module to 

automatically switch the heater to maintain the desired temperature. It lowers energy waste through controlled 

operation and guarantees safety by avoiding overheating. The incorporation of a keypad improves flexibility and user 

convenience by making it simple for users to adjust their desired temperature. While the audio alert system increases 

user awareness by indicating system status, the LCD display offers real-time monitoring. The system responds 

accurately to temperature changes and operates in a stable and dependable manner overall. System efficiency is further 

increased by appropriate sensor placement and calibration.  
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