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ABSTRACT 

 

This project focuses on the theoretical principles behind a real-time temperature and humidity monitoring web 

server utilizing an Arduino Uno. The core of the system relies on the DHT11 sensor, which acts as the data 

acquisition unit. The DHT11 employs a capacitive humidity sensor and a thermistor to measure relative 

humidity and temperature, respectively. It then converts these analog measurements into a digital signal, 

communicated over a single wire to the microcontroller, simplifying wiring. 

 

The Arduino Uno, an ATmega328P-based microcontroller board, serves as the central processing unit. Its role is 

to read the digital data from the DHT11 sensor, process it, and then facilitate its display and remote access. For 

local visualization, an I2C LCD is employed. The I2C (Inter-Integrated Circuit) converter board attached to the 

LCD is crucial here. It dramatically reduces the number of pins required to interface with the LCD from the 

Arduino (typically 4 pins: SDA, SCL, VCC, GND), freeing up valuable GPIOs for other functions. The I2C 

protocol is a two-wire serial communication bus that allows multiple devices to communicate with a master (the 

Arduino) using unique addresses. 

 

The web server functionality is achieved by programming the Arduino to respond to HTTP requests. While a 

direct Ethernet Shield or Wi-Fi module (like ESP8266) is usually used for network connectivity, the theory 

involves the Arduino processing incoming requests, fetching the latest sensor data, and then constructing an 

HTML webpage containing this data. This webpage is then sent back to the client's web browser, enabling real-

time monitoring from any internet-connected device. The Arduino continuously updates the sensor readings and 

serves the dynamic webpage, creating a continuously refreshed monitoring interface. 

 

Keywords: Arduino Uno, I2C converter,   DHT 11 sensor, 16*2 LCD. 

 

 

 

INTRODUCTION 

 

Real-time temperature and humidity monitoring is a vital aspect of modern environmental sensing, with wide 

applications in smart agriculture, weather stations, greenhouses, and industrial systems. The integration of Arduino Uno 

with sensors and display modules enables the development of a low-cost, efficient, and user-friendly monitoring 

system. This project utilizes an Arduino Uno, DHT11 sensor, I2C converter, LCD, and a web interface to collect, 

display, and transmit environmental data in real time. 

 

The DHT11 sensor is used to measure the ambient temperature and humidity. It provides digital output data to the 

Arduino Uno, which acts as the main controller. An LCD (Liquid Crystal Display) is connected through an I2C 

converter, which simplifies the wiring by reducing the number of data pins required, allowing for easy integration and 

display of sensor data. The I2C module makes communication between the Arduino and LCD more efficient, using 

only two wires (SDA and SCL). 
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To enable remote access and data visualization, the system can be extended with a Wi-Fi module (such as ESP8266) to 

function as a webserver. This allows users to monitor environmental parameters in real time from any device with 

internet access. The system continuously reads data from the DHT11, displays it locally on the LCD, and updates it to a 

webpage, ensuring accessibility and timely monitoring. 

 

An I2C converter (Inter-Integrated Circuit converter) is a module or device used to enable communication between 

microcontrollers (like Arduino) and I2C-compatible devices, especially when the connected component does not 

natively support I2C communication. It often refers to modules that convert standard parallel interfaces to the I2C serial 

communication protocol. 

 

Purpose: To reduce the number of GPIO pins needed for communication. To simplify wiring when connecting 

multiple devices (especially sensors and LCDs). To enable multiple devices to communicate over just two wires: SDA 

(data) and SCL (clock). 

 

Common Usage: One of the most common applications is using an I2C LCD converter, which is an adapter board 

(often with a PCF8574 chip) that converts the standard 16x2 LCD interface into an I2C-compatible interface. 

 

Key Features: Works over two wires (SDA & SCL). Supports multiple devices on the same bus (each with a unique 

address). Simplifies wiring and coding.Often includes address selection jumpers. 

 

Typical Devices: PCF8574 (for LCDs), I2C EEPROMs, I2C sensor modules (e.g., BMP180, MPU6050) 

 

The DHT11 is a basic, low-cost digital sensor used to measure temperature and humidity. It is commonly used in 

embedded systems and IoT projects due to its ease of use and reliable performance for general-purpose applications. 

 

 Key Features: 

 Measures: 

o Temperature: 0°C to 50°C (±2°C accuracy) 

o Humidity: 20% to 90% RH (±5% accuracy) 

o Output: Digital signal (no need for analog input pins) 

o Operating Voltage: 3.3V to 5V 

o Interface: Single-wire digital communication 

o Sampling Rate: 1 reading per second (1Hz) 

 

Working Principle: 

o Humidity is measured using a capacitive humidity sensor. 

o Temperature is measured using a thermistor. 

o The internal microcontroller converts the analog data to digital format and sends it out through a single data pin. 

  

EXISTING AND PROPOSED METHODOLOGY 

 

Existing Methodology: The existing methodology for real-time temperature and humidity monitoring using an 

Arduino Uno-based webserver combines several hardware components and software tools to create an efficient and 

low-cost monitoring system. The core idea is to measure environmental parameters and display them both locally and 

remotely. 

 

The DHT11 sensor is employed for sensing temperature and humidity. It communicates digitally with the Arduino 

Uno, transmitting accurate readings at regular intervals. The Arduino Uno processes this data and displays it on a 16x2 

LCD screen. To simplify wiring and reduce the number of Arduino I/O pins used, an I2C converter module is attached 

to the LCD. This allows the display to be controlled using only two Arduino pins (SDA and SCL), which significantly 

optimizes circuit design. 

 

For remote monitoring, the system is integrated with a Wi-Fi module, typically the ESP8266, which connects the 

Arduino Uno to a local wireless network. The Arduino collects sensor data and sends it to a basic webserver hosted on 

the ESP8266. Through this server, the latest temperature and humidity readings can be accessed in real time via any 

internet-enabled device using a browser. 

 

The program is developed using Arduino IDE, with libraries such as DHT.h, Wire.h, LiquidCrystal_I2C.h, and 

ESP8266WiFi.h to support sensor communication, LCD control, and Wi-Fi functionality. This existing methodology 

emphasizes simplicity, affordability, and ease of use, making it ideal for smart home systems, weather stations, and 
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academic projects. It offers a reliable foundation for real-time environmental monitoring with minimal technical 

complexity. 

 

Proposed Methodology:  

The proposed methodology aims to design and implement a real-time temperature and humidity monitoring system 

using an Arduino Uno, DHT11 sensor, I2C converter, LCD display, and a webserver interface. The system 

continuously measures environmental data and presents it both locally on an LCD screen and remotely via an 

embedded webserver. 

 

The methodology is structured into the following phases: 

 

 Sensor Integration: The DHT11 sensor is connected to the Arduino Uno to sense ambient temperature and 

humidity. It provides digital output data at regular intervals, which the Arduino reads and processes. 

 Data Display on LCD: An LCD (16x2) is used for on-site monitoring of the sensor data. To simplify wiring and 

improve efficiency, an I2C converter is used with the LCD. This reduces the number of pins required and 

facilitates easier communication between the Arduino and the display. 

 Webserver Setup: A Wi-Fi module such as the ESP8266 (or Ethernet shield) is interfaced with the Arduino to 

enable internet connectivity. A simple webserver is hosted using the Arduino code, which periodically uploads the 

temperature and humidity readings to the web interface. 

 Data Access and Monitoring: Users can access real-time data via a browser by connecting to the IP address of the 

webserver. The interface updates automatically to reflect current readings, allowing remote monitoring. 

 Power and Reliability Considerations: The system is powered via USB or a power adapter, ensuring continuous 

operation. Error handling mechanisms are implemented to ensure data accuracy and system stability. 

 

Block Diagram: 

 

 
 

APPLICATIONS 

 

1. Home Automation: 
o Monitor indoor climate in real-time to control air conditioning, heating, and ventilation systems. 

o Improve comfort and energy efficiency. 

 

2. Greenhouses and Agriculture: 
o Maintain optimal temperature and humidity for plant growth. 

o Alert system for extreme weather conditions affecting crops. 

 

3. Industrial Monitoring: 
o Monitor environmental conditions in factories and warehouses. 

o Prevent damage to sensitive equipment or stored materials. 
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4. Data Centers and Server Rooms: 
o Monitor temperature and humidity to avoid overheating or condensation damage. 

o Remote alerts help in timely maintenance. 

 

5. Cold Chain and Refrigeration: 
o Monitor temperature in refrigerators and transport containers. 

o Ensure compliance with food safety and pharmaceutical standards. 

 

6. Weather Stations: 
o Collect and broadcast local weather data for public or personal use. 

o Serve as a component in larger IoT-based weather monitoring systems. 

 

7. Hospitals and Laboratories: 
o Ensure controlled environments for medicine storage and sensitive experiments. 

o Maintain logs for regulatory compliance. 

 

8. Smart Cities: 
o Integrate into smart environment systems for urban planning and pollution monitoring. 

 

9. Educational Purposes: 
o Used in schools and colleges for learning about embedded systems, IoT, and environmental science. 

 

10. Museums and Archives: 
o Preserve historical documents and artifacts by maintaining ideal environmental conditions. 

 

ADVANTAGES 
 

1. Real-Time Monitoring: 
o Provides continuous, live updates of temperature and humidity data. 

o Ensures immediate detection of environmental changes. 

 

2. Remote Accessibility: 
o Data can be accessed from anywhere via a web browser. 

o Useful for off-site monitoring in homes, industries, and agricultural fields. 

 

3. Low Cost and Power Efficient: 
o Uses affordable components like Arduino, DHT11 sensor, and ESP8266/NodeMCU. 

o Consumes minimal power, ideal for long-term deployment. 

 

4. Easy to Build and Customize: 
o Simple hardware and open-source software make it beginner-friendly. 

o Can be upgraded with additional sensors or features (e.g., data logging, SMS alerts). 

 

5. Compact and Portable: 
o Small form factor allows installation in space-constrained areas. 

o Can be powered by USB or battery. 

 

6. Web-Based Interface: 
o User-friendly dashboard for monitoring without needing specialized software. 

o No app installation required. 

 

7. Scalable: 
o Can be expanded to monitor multiple locations by using multiple nodes. 

o Easily integrated into larger IoT systems. 

 

8. Environmentally Beneficial: 
o Helps in maintaining optimal conditions to reduce energy waste. 

o Supports precision farming and smart living practices. 

 

9. Reliable and Accurate (with Calibration): 
o Ensures trustworthy data when sensors are properly calibrated. 
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o Useful for sensitive applications like labs and data centers. 

 

10. Educational Value: 
o Excellent project for learning IoT, embedded systems, and environmental sensing. 

 

DISADVANTAGES 
 

1. Limited Sensor Accuracy: 
o The DHT11 sensor has limited accuracy and a narrow range compared to more advanced sensors (e.g., DHT22, 

BME280). 

o May not be suitable for precision-critical applications. 

 

2. No Data Storage by Default: 
o Without external memory (e.g., SD card or cloud integration), the system does not store historical data. 

o No ability to analyze long-term trends. 

 

3. Wi-Fi Dependency: 
o Requires a stable Wi-Fi connection for real-time remote access. 

o Performance is affected in areas with poor network coverage. 

 

4. Limited Processing Power: 
o Arduino Uno has limited memory and computational capabilities. 

o Can restrict adding more sensors or complex features like encryption or advanced analytics. 

 

5. No Battery Backup: 
o In basic setups, power failure will stop the system. 

o Needs additional components for uninterrupted operation. 

 

6. Security Concerns: 
o Basic web servers on Arduino have minimal or no encryption. 

o Vulnerable to unauthorized access if not properly secured. 

 

7. Manual Calibration Needed: 
o Sensors may require periodic calibration for accurate readings. 

o Maintenance effort is needed over time. 

 

8. Basic Web Interface: 
o The built-in web page is usually minimalistic and not visually rich. 

o Advanced UI/UX needs additional coding or integration. 

 

9. Scalability Limitations: 
o Basic Arduino boards may struggle when connecting multiple sensors or supporting many users. 

o May require more powerful boards like ESP32 for larger projects. 

 

FUTURE SCOPE 

 

1. Cloud Integration: 
o Connecting the system to cloud platforms (like ThingSpeak, Blynk, or Firebase) for remote data storage, 

visualization, and analytics. 

o Enables access from anywhere globally and long-term data analysis. 

 

2. Mobile App Development: 
o Creating an Android/iOS app for real-time monitoring with notifications and user-friendly UI. 

o Enhances user convenience and accessibility. 

 

3. Advanced Sensor Upgrade: 
o Replacing DHT11 with more accurate and reliable sensors like DHT22, BME280, or SHT31. 

o Expands capabilities to measure additional parameters like pressure or air quality. 

 

4. Automation and Control System: 
o Integrating actuators (e.g., fans, heaters, humidifiers) for automated climate control based on sensor data. 
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o Useful for smart greenhouses, HVAC systems, and industrial automation. 

 

5. Data Logging and Analysis: 
o Adding SD card support or database systems to log historical data for trend analysis and forecasting. 

o Useful for research, energy optimization, and performance evaluation. 

 

6. Security Enhancement: 
o Implementing data encryption, password protection, and secure communication protocols (HTTPS) for safer 

IoT deployment. 

 

7. Battery-Powered and Solar Operation: 
o Making the system portable and off-grid by using rechargeable batteries and solar panels. 

o Ideal for deployment in remote or outdoor locations. 

 

8. Multi-Sensor and Multi-Node Network: 
o Creating a distributed sensor network with multiple Arduino or ESP-based nodes communicating with a central 

hub. 

o Suitable for monitoring large areas like farms, factories, or campuses. 
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