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Abstract: The accurate and continuous monitoring of ambient temperature and relative humidity plays a crucial role in 

a wide array of applications, ranging from maintaining optimal conditions in residential and commercial buildings to 

ensuring the well-being of sensitive agricultural environments and industrial processes. Fluctuations in these 

environmental parameters can significantly impact comfort levels, energy consumption, product quality, and even 

human health. This project addresses the need for a cost-effective and reliable solution for real-time temperature and 

humidity sensing by detailing the development and implementation of a smart detector system. The core of the system 

revolves around the integration of a low-power, high- accuracy Digital Humidity and Temperature (DHT) series sensor 

with a microcontroller unit. The DHT sensor employs a capacitive humidity sensor and a thermistor to measure the 

surrounding atmospheric conditions, outputting calibrated digital signals representing both temperature and humidity 

levels. The selected microcontroller serves as the central processing unit, responsible for interfacing with the DHT 

sensor, acquiring the raw data, performing necessary signal processing and calibration (if required), and managing data 

output.The collected temperature and humidity data can be transmitted to a cloud-based platform or a dedicated server. 

This enables continuous data logging, historical analysis, and the generation of insightful reports. Users can access this 

information remotely through a web interface or a custom-developed mobile application, providing real-time insights 

into environmental conditions regardless of their physical location. The system can also be configured to trigger alerts 

or notifications based on predefined temperature and humidity thresholds, enabling proactive responses to potentially 

adverse environmental changes. The project outcomes include a fully functional prototype of the temperature and 

humidity detector, along with comprehensive documentation detailing the hardware design, software implementation, 

and testing procedures. Performance evaluation of the system focuses on assessing the accuracy and precision of the 

temperature and humidity readings, the reliability of the data transmission, and the power efficiency of the overall 

system 

 

I. INTRODUCTION 

 

The accurate and continuous monitoring of ambient temperature and relative humidity is fundamental across a diverse 

range of applications, impacting everything from human comfort and health to industrial processes and environmental 

control. Whether it's maintaining optimal conditions in homes and offices, ensuring the proper storage of sensitive 

materials, or monitoring critical agricultural environments, precise knowledge of these atmospheric parameters is 

essential. Traditional methods of temperature and humidity measurement often involve manual readings or less 

sophisticated devices that may lack real-time capabilities or the ability to log and analyze data effectively. In today's 

increasingly interconnected world, there's a growing demand for intelligent environmental monitoring systems that can 

provide timely and actionable insights. This need has spurred the development of sophisticated yet cost-effective 

temperature and humidity detectors that leverage advancements in sensor technology, microcontrollers, and wireless 

communication. These modern detectors go beyond simple measurement, offering features such as real-time data 

display, remote monitoring via internet connectivity, data logging for historical analysis, and the ability to trigger alerts 

based on predefined thresholds. 
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Background 

 

Early Attempts at Measurement 

Crude forms of temperature measurement date back to ancient times, with early devices like the thermoscope in the 

16th century demonstrating the expansion and contraction of air with temperature changes. However, these were 

largely qualitative. Quantitative temperature measurement began to take shape in the 17th and 18th centuries with the 

development of standardized scales and more reliable instruments like the mercury thermometer by Fahrenheit. 

 

The Need for Integrated Sensing 

Initially, temperature and humidity were measured using separate instruments. However, many applications require 

simultaneous and localized measurements of both parameters. This necessity drove the development of integrated 

temperature and humidity sensors. Early integrated devices often combined a traditional temperature sensor (like a 

thermistor or bimetallic strip) with a humidity-sensitive element (like a resistive or capacitive sensor). 

 

Advancements in Sensor Technology 

The latter half of the 20th century witnessed significant breakthroughs in sensor technology, particularly with the 

advent of semiconductor technology and microelectronics. This led to the development of smaller, more accurate, and 

more reliable temperature and humidity sensors. 

 

Resistive Humidity Sensors: These sensors utilize materials whose electrical resistance changes with humidity. 

Polymers or conductive ceramics are often used as the sensing element. 

 

Capacitive Humidity Sensors: These sensors employ a capacitor where a hygroscopic dielectric material absorbs or 

releases water vapor, changing the capacitance proportional to the relative humidity. 

 

Thermal Conductivity Sensors: These sensors measure humidity based on the change in the thermal conductivity of 

air with varying moisture content. 

 

Digital Humidity and Temperature Sensors: Modern integrated sensors often incorporate both a temperature sensing  

element (like a bandgap sensor or thermistor) and a capacitive or resistive humidity sensor on a single chip. These 

sensors include built-in signal conditioning and digital interfaces, providing calibrated digital outputs for both 

temperature and humidity. 

 

II. LITERATURE SURVEY 

 

Xu Yan, Guo Tao, Zhu Jie, Chen Wei [1], in 2011, actural production of life in many cases are to consider the 

influence of temperature and humidity environment and precise control, Then came the data acquisition system. 

Because the CAN bus can improve anti-jamming ability and reliability of the data, corrective ability etc. Therefore, use 

the CAN bus interface to transfer data then monitored by the upper machine. This article introduced data acquisition 

system design composed of temperature and humidity sensor, the SCM system, computer, the can bus. After SHT75 

digital temperature and humidity sensors collect the temperature and humidity measurement data in warehouse room, to 

send data to C8051F060 SCM system through the bus interface. 

 

Lv Zhi-gang and Wang Peng [2], in 2010, RS485 is an important communication protocol during CPU and external 

communication device, which is widely used in monitor-control system and project application. DS18B20 is used to 

test temperature in the sensor of temperature and humidity based on 89S52 MCU. ADC0831 is extended to convert the 

output signal of humidity sensor-NKHT, from which humidity value can be got. The value of temperature and humidity 

not only can be displayed on LCD, but also can be output using RS485 interface, from which network control system 

for temperature and humidity can be accomplished easily by users. 

 

Ling-ling LI, Shi-feng YANG, Li-yan WANG, Xiang-ming GAO [3] in 2011, ZigBee is a newly-emerging wireless 

network technology with short distance, low cost, low rate, low power, high capacity, high security and high reliability, 

and it is currently widely used in short- range wireless network area. Based on the ZigBee technology, the wireless 

sensor network has distinguished advantages in greenhouse environment monitoring system, and it supports self- 

organizing networks as well. 
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Abdellah Chehri, Wissam Farjow, Hussein. T. Mouftah, Xavier Fernando, [4] in 2011 this paper we evaluate the 

performance of wireless sensor network technology for underground mine's safety monitoring. The system is mainly 

composed of static ZigBee nodes, which are deployed on the underground mine galleries for measuring underground 

mine parameters such as ambient temperature, fire detection, humidity, level of carbon monoxides etc. 

 

Li-jun Yu, Qiang Zhang, Xiangzhen Meng, Zhenli Yan, [5] in 2011 The wireless sensor network is developed in 

this paper to test and control the temperature and humidity of the barn. Specific procedures are after processing the 

variable information which is gathered by the humidity and temperature sensor, By using Zigbee agreement we will 

transfer the packets with wireless data transmission among all these nodes and then send it into PC. 

 

III. TOOLS & TECHNOLOGIES 

 

This report details the components used to create a temperature and humidity detector using an Arduino Uno. It covers 

the specifications and roles of each component, including the Arduino Uno, LCD display, breadboard, jumper wires, 

I2C module, DHT11 sensor, and 5V adapter. The report also includes a circuit diagram, assembly instructions, 

programming details, and potential applications for the detector. 

 

Tools & Technologies used- 

1. Arduino Uno 

2. I2C Module 

3. DTH11 Sensor 

4. LCD Display 

5. Breadboard & Jumper Wires 

 

IV. WORKING 

 

The temperature and humidity detector works by sensing environmental conditions using a digital sensor and then 

processing and displaying the data through a microcontroller-based system. The core component of this project is a 

sensor such as the DHT11 or DHT22, which is capable of measuring both temperature and relative humidity. These 

sensors contain a thermistor for detecting temperature changes and a humidity sensing component that measures 

moisture levels in the air. When powered, the sensor sends digital data representing the temperature and humidity 

readings to the microcontroller at regular intervals. 

 

4.1 Sensors & Controllers 

Fig. 4.1: Connections of the project 
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Fig. 4.2: Block Diagram 

 

V. SYSTEMS & MODULES 

 

The temperature and humidity detector project is built around a well-integrated system comprising multiple modules, 

each serving a specific function to ensure accurate sensing, data processing, and output display. The entire system 

operates in a synchronized manner, with each module contributing to the real-time monitoring of environmental 

conditions. 

At the heart of the system is the Arduino Uno, which functions as the central processing unit. It reads data from the 

sensor, processes the information, and controls the output display. The Arduino acts as the communication hub between 

the input (DHT11 sensor) and the output (LCD display), ensuring that the readings are accurate and updated regularly. 

It also manages the power supply to other modules and executes the logic defined in the program uploaded via the 

Arduino IDE. 

 

VI. RESULT 

 

The result of the temperature and humidity detector project is a functional, real-time environmental monitoring system 

that accurately measures and displays ambient temperature and relative humidity using low-cost, accessible 

components. Upon successful completion of the hardware assembly, coding, and testing phases, the project yielded a 

compact yet effective solution capable of detecting variations in atmospheric conditions and visually presenting the 

data in a user-friendly format on an LCD screen. The project demonstrated not only the operational accuracy of the 

DHT11 sensor within its rated range (temperature: 0–50°C, humidity: 20–90% RH) but also the efficiency and 

reliability of the Arduino Uno as the central controller. Throughout the project, each integrated module—sensor, 

display, microcontroller, and power supply—was validated for its role in contributing to a cohesive and responsive 
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system. When powered, the device successfully initiated data collection from the DHT11, processed the readings 

through the microcontroller’s logic, and displayed them through a 16x2 LCD screen using I2C communication. The 

screen consistently showed results in the format of “Temp: XX.X°C” and “Humidity: XX%,” updating approximately 

every two seconds, ensuring a near-real-time display of environmental conditions. 

 

VII. EXPECTATION & ACHIEVEMENTS 

 

At the initial stage of conceptualizing the temperature and humidity detector project, the expectations were centered 

around creating a simple yet functional system capable of monitoring environmental conditions such as temperature 

and relative humidity in real time. The core idea was to utilize fundamental components—namely, the Arduino Uno 

microcontroller, the DHT11 temperature and humidity sensor, and a 16x2 LCD with an I2C module—to form a basic 

data acquisition and display system. The expectation was that this project would not only serve as a practical 

implementation of theoretical knowledge in electronics and programming but also act as a foundation for more 

advanced systems like environmental monitoring stations, IoT-based smart systems, and automated climate control 

solutions. 

 

One of the primary expectations was to successfully read temperature and humidity data from the DHT11 sensor and 

display this information clearly on the LCD screen. This involved ensuring that the sensor was correctly wired and 

programmed, that the Arduino processed the data accurately, and that the display reliably communicated the readings to 

the user. It was also anticipated that the system would be relatively compact and energy-efficient, capable of running 

continuously without overheating or experiencing instability. 

 

VIII. SHORTCOMING & LIMITATIONS 

 

While the temperature and humidity detector project successfully met many of its objectives, there were several 

shortcomings and limitations that were identified during its development and testing. These limitations often stemmed 

from the choice of components, the design approach, and the scope of the project. Understanding these limitations is 

crucial for future improvements and to better understand the challenges faced during the project. Below are the key 

shortcomings and limitations of the project, elaborated in detail. 

 

Limited Accuracy of the DHT11 Sensor 

One of the most significant limitations of the project stems from the choice of the DHT11 sensor, which, while being 

inexpensive and easy to use, has a relatively low level of accuracy compared to more advanced sensors. The DHT11 

has a temperature accuracy of ±2°C and a humidity accuracy of ±5%, which may be unsuitable for applications that 

require precise environmental readings. This inaccuracy means that the readings provided by the system may not 

always reflect the true conditions of the environment, especially when compared to higher-end sensors like the DHT22 

or SHT31, which offer better precision. 

 

Low-Cost Solution: The project utilizes inexpensive components like the Arduino Uno, DHT11 sensor, and 16x2 LCD 

with an I2C module. This makes the system highly affordable, even for beginners or hobbyists who wish to explore 

environmental monitoring without a significant investment in hardware. 

Educational Value: The project offers a hands-on learning experience, ideal for beginners in electronics and 

programming. It covers basic concepts such as interfacing sensors with microcontrollers, working with LCD displays, 

and programming with the Arduino IDE. It helps users understand how embedded systems work, making it an excellent 

educational tool for students and DIY enthusiasts. 

 

X. ISSUES & CHALLENGES 

 

Sensor Inaccuracy 

Challenge: The DHT11 sensor, while easy to use and inexpensive, has a relatively low accuracy, particularly for 

temperature readings (±2°C) and humidity (±5%). This inaccuracy can lead to readings that don't precisely reflect the 

actual environmental conditions, especially when used in applications that require higher precision, such as scientific 

research or climate- controlled environments.Issue: The sensor’s limited accuracy can affect the system’s performance, 

making it less reliable in critical applications where precise measurements are necessary. 
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Restricted Measurement Range 

Challenge: The DHT11 sensor operates within a limited range: temperatures from 0–50°C and humidity levels from 

20–90% RH. This range is suitable for most indoor environments but unsuitable for extreme conditions. 

 

XI. MAINTENANE 

 

Maintenance is an essential aspect of ensuring that the Temperature and Humidity Detector project remains functional, 

reliable, and accurate over time. Given that this project uses components like sensors, microcontrollers, and displays, 

proper maintenance practices will help to prevent system failure and ensure consistent performance. Below are the key 

areas of maintenance for this project: 

 

Regular Sensor Calibration 

Importance: Over time, sensors like the DHT11 may lose their accuracy due to environmental factors, aging, or 

fluctuations in operating conditions. 

Action: The sensor should be checked periodically for any drift in readings. While the DHT11 does not have built-in 

calibration features, users can compare its output with a known reference (like a more accurate thermometer or 

hygrometer) and adjust the readings manually in the code or replace the sensor if necessary. 

 

XII. FUTURE SCOPE 

 

The Temperature and Humidity Detector project has a significant potential for expansion and improvement, making it 

applicable to a variety of industries and environments. The current project, while useful for basic temperature and 

humidity monitoring, can be enhanced by adding new features, expanding its scope, and integrating it with more 

advanced technologies. Below are some potential future developments and applications for this project: 

 

Integration with IoT (Internet of Things) 

Expansion: One of the most promising future scopes for this project is integrating it with IoT technologies. By 

incorporating Wi-Fi or Bluetooth modules (e.g., ESP8266, ESP32, or HC-05 Bluetooth module), the project can send 

temperature and humidity data to a cloud platform or mobile device. This allows users to monitor and control the 

system remotely via a smartphone,  

tablet, or computer. 

Application: IoT integration can enable real-time monitoring, remote data storage, and the possibility to trigger actions 

based on certain environmental conditions (e.g., sending notifications when temperature or humidity exceeds a 

threshold). 

Benefit: This would make the system much more versatile, enabling applications in smart homes, industrial monitoring, 

agricultural monitoring, and weather stations. 
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