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ABSTRACT:

This initiative develops a system for immediate temperature and humidity tracking, employing an ESP8266 or ESP32 microcontroller paired with a DHT11 sensor.
The system transmits collected data to ThingSpeak, a cloud-based platform designed for 10T analytics. The ESP microcontroller establishes a Wi-Fi connection,
retrieves sensor readings, and periodically uploads this information to ThingSpeak. This enables users to observe environmental conditions through interactive
visualizations and dashboards, offering insights into temperature and humidity fluctuations over time. The setup is designed for economical, wireless, and automated
surveillance, making it suitable for applications like smart homes, weather observation posts, and agricultural monitoring.

This project showcases the efficacy of loT-driven environmental surveillance for practical applications. The gathered data can be examined for identifying trends,
detecting anomalies, and performing predictive analysis using the integrated MATLAB tools within ThingSpeak. Additionally, alerts and notifications can be
implemented to notify users of significant temperature or humidity changes. The system is designed to be expandable and adaptable, permitting the integration of
additional sensors for more comprehensive monitoring requirements. With its straightforward implementation, minimal power consumption, and cloud-accessible
data, this project provides a base for future loT-centered automation and environmental sensing solutions.

INTRODUCTION:

Contemporary applications, spanning agriculture, industrial automation, and smart home systems, necessitate immediate environmental surveillance.
Temperature and humidity, being pivotal factors influencing numerous operations, require efficient tracking. This project engineers a live temperature
and humidity monitoring framework, utilizing an ESP8266 Wi-Fi module and ThingSpeak[1], an loT analytics platform. The ESP8266 microcontroller,
in conjunction with a DHT11 sensor, gathers temperature and humidity readings. These readings are then wirelessly transmitted to ThingSpeak, where
they are stored, visually represented, and analyzed in real-time. Through cloud-based loT integration, users gain remote access to live data, enabling
environmental condition monitoring from any location globally. This system offers a budget-friendly solution, adaptable and scalable for diverse
applications, including meteorological observation, greenhouse administration, and industrial process oversight. By employing loT technology, this
project demonstrates how instant data capture and cloud-driven analytics can optimize decision-making and enhance effectiveness in temperature and
humidity surveillance[2].

OBJECTIVES::

This project's central aim is to create and deploy a live temperature and humidity tracking system, leveraging the ESP8266 and ThingSpeak. A core
component involves integrating a DHT11 sensor with the ESP8266 Wi-Fi module to precisely measure environmental temperature and humidity. The
system will relay this data to ThingSpeak, a cloud-based loT analytics platform, enabling users to observe both current and past patterns through graphical
representations and dashboards. This facilitates improved decision-making across diverse applications, including intelligent home systems, farming,
industrial process control, and food preservation. A further significant objective is to guarantee consistent data recording and cloud storage, providing a
chronological archive of temperature and humidity variations. Users will achieve remote data access via smartphones, enhancing the system's accessibility
and ease of use. The project also intends to assess the system's precision and dependability by subjecting it to varied environmental circumstances and
benchmarking it against conventional monitoring techniques.
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SCOPE OF THE STUDY :

This research centers on creating and deploying a live temperature and humidity monitoring framework, utilizing the ESP8266 NodeMCU and
ThingSpeak, a cloud-based loT platform. The system aims to deliver precise, ongoing, and remote environmental condition tracking, suitable for
applications like intelligent homes, farming, industrial process control, and food preservation[3].

The research details the integration of the DHT11 sensor with the ESP8266 microcontroller for gathering temperature and humidity readings. It further
describes the wireless transfer of this data to the ThingSpeak loT platform, enabling users to observe both current and historical patterns through visual
dashboards. The system is engineered to be accessible, economical, and expandable, facilitating straightforward implementation in various real-world
scenarios[4].

PROBLEM DEFINITION:

Across numerous industrial sectors and everyday applications, keeping track of environmental parameters like temperature and humidity is vital for
maintaining safety, operational effectiveness, and quality assurance. Conventional monitoring techniques often depend on manual observations or isolated
sensors, which lack remote accessibility and live data visualization. These standard methods are frequently inefficient, prone to inaccuracies, and
necessitate consistent human involvement, rendering them inadequate for scenarios that require continuous surveillance and immediate reaction[5].

The swift progress of Internet of Things (loT) technology has created an escalating demand for automated, real-time, and remotely accessible
environmental monitoring systems. Current solutions often demand costly infrastructure or lack the capability to scale and integrate with cloud-based
platforms. Furthermore, many monitoring systems fail to offer historical data preservation, visual analytical tools, and automated notifications, all of
which are crucial for informed decision-making[6].

This research aims to overcome these limitations by creating a live temperature and humidity monitoring system, employing the ESP8266 NodeMCU
and ThingSpeak. The system is engineered to continuously measure environmental conditions using a DHT11 sensor and transmit the acquired data to
ThingSpeak, a cloud-based IoT analytics platform. This approach ensures real-time data visualization, remote access, and historical pattern analysis,
enabling users to monitor environmental conditions from any internet-connected device[7].

INTRODUCTION TO BACK END AND FRONT END :

In an loT-driven temperature and humidity monitoring framework, both the user interface and the server-side components are critical for seamless data
acquisition, processing, visualization, and user engagement. The user interface presents live data to users, while the server-side manages data processing,
storage, and communication between hardware and cloud services[8].

Server-Side Components:

The server-side pertains to the system's data processing and management, occurring before information is displayed to users. In this project, the server-
side comprises:

1. ESP8266 NodeMCU: A microcontroller with integrated Wi-Fi that gathers temperature and humidity readings from the DHT11 sensor and
transmits them to the cloud.

2. ThingSpeak IoT Platform: A cloud-based service that receives, stores, and processes data from the ESP8266. ThingSpeak also offers tools
for data analytics, visualization, and integration with other IoT applications.

3. Communication Protocols (HTTP/MQTT): The ESP8266 communicates with the ThingSpeak cloud using HTTP or MQTT protocols for
efficient sensor data transmission.

4. Database (ThingSpeak Cloud Storage): The system archives historical data, enabling users to analyze patterns over time.
The server-side ensures secure data transfer, reliable storage, and effective processing, making the system adaptable to diverse applications.
User Interface Components:
The user interface facilitates user interaction with the system and visualization of live temperature and humidity data. It includes:
1.  ThingSpeak Dashboard: A weh-based interface that displays sensor readings graphically, providing both real-time and historical analysis.

2. Web/Mobile Access: Users can access the ThingSpeak dashboard from any internet-connected device to remotely monitor environmental
conditions.

3. Alerts and Notifications: The system can be configured to send alerts via email or SMS if temperature or humidity exceeds predefined
thresholds.
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4.  Custom Web Application (Optional): Advanced implementations may feature a custom-designed website or mobile application to enhance
user experience and provide additional functionalities[9].

Integration Between User Interface and Server-Side:

The ESP8266 collects sensor data and transmits it to ThingSpeak (server-side), where it is stored and processed. The ThingSpeak dashboard (user
interface) then retrieves this data and presents it in a graphical format for easy monitoring. This integration allows users to access live data remotely from
any location with internet access.

METHODOLOGY :

The live temperature and humidity monitoring system, utilizing the NodeMCU ESP8266 and ThingSpeak, is designed to measure environmental
conditions and display them on a cloud-based IoT platform. This framework proves beneficial in scenarios requiring immediate temperature and humidity
tracking, such as intelligent homes, agricultural settings, and industrial automation. The system incorporates a DHT11 sensor, which captures temperature
and humidity measurements. This sensor delivers digital output, which is interpreted by the NodeMCU ESP8266, a microcontroller equipped with
integrated Wi-Fi capabilities. The NodeMCU processes the sensor data, preparing it for transmission to an online platform. The ESP8266 module
establishes a Wi-Fi connection, acting as a conduit between the sensor and the ThingSpeak loT platform. It regularly transmits the gathered temperature
and humidity data to ThingSpeak, where the readings are stored, processed, and visually represented through graphs and dashboards. Users can remotely
access this data via a computer or mobile device using a web browser[10]..

ThingSpeak offers live data visualization, allowing users to analyze trends over time. It also facilitates integration with other loT services for advanced
automation. The capability for remote data access and monitoring makes this system adaptable to diverse applications, including greenhouse surveillance,
industrial temperature regulation, and food storage management.

In essence, this project illustrates the potential of loT in environmental monitoring. By utilizing cloud-based analytics, it offers an efficient and economical
method for tracking temperature and humidity from any location globally. This system can be further enhanced by incorporating alerts, automation
features, or machine learning algorithms for predictive analysis.
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Figure(3): Temperature and Humidity Graphs

FUTURE ENHANCEMENT :

The live temperature and humidity monitoring system, employing the ESP8266 and ThingSpeak, has demonstrated its value as an efficient and adaptable
10T solution. However, several potential future refinements can elevate its functionality, precision, and versatility across various applications. These
enhancements focus on optimizing data processing, system dependability, security measures, and automation for a more sophisticated monitoring
framework.

A significant refinement involves incorporating supplementary environmental sensors to broaden the system's capabilities. Alongside temperature and
humidity, sensors for air quality (MQ135), CO: levels, atmospheric pressure (BMP180), and light intensity (LDR) can be integrated. This would make
the system more suitable for applications such as intelligent farming, industrial process control, and indoor air quality surveillance.

Another crucial advancement is the application of machine learning (ML) and artificial intelligence (Al) for predictive analytics. By examining past
sensor data, Al algorithms can forecast environmental patterns and identify irregularities. For instance, in agriculture, predictive analysis could warn
farmers of potential temperature variations that might affect crop development. Integrating Al-driven automation can further refine decision-making and
optimize energy usage.

Power efficiency and offline operation also represent key areas for enhancement. The system currently depends on Wi-Fi connectivity, which may not
always be accessible. Future improvements could include LoRaWAN (Long Range Wide Area Network) or GSM/GPRS modules to facilitate data
transmission in remote locations. Additionally, utilizing solar-powered ESP8266 modules or backup batteries can improve energy efficiency and ensure
uninterrupted operation during power outages.

CONCLUSION:

The collected research underscores the increasing significance of loT-driven temperature and humidity monitoring, utilizing ESP8266 and ThingSpeak.
Research outcomes suggest that these systems offer a budget-friendly, effective, and expandable solution, rendering them applicable to sectors such as
farming, healthcare, and industrial process control. Nonetheless, obstacles pertaining to network dependability and data protection require resolution to
optimize system functionality. Future research should prioritize Al-powered predictive analysis to augment the abilities of loT-based environmental
monitoring systems.
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