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ABSTRACT  
The Real-Time Weather Report Streaming 
System using IoT is designed to provide 
accurate, live weather updates with graphical 
visualization to users via cloud dashboards like 
Thingspeak applications. Traditional weather 
reporting methods rely on centralized 
meteorological stations, delayed updates, and 
limited real-time data. This project integrates 
multiple weather sensors, microcontrollers, 
and IoT technology to monitor and stream 
weather parameters in real time. Temperature, 
humidity, Light, rainfall, and air quality 
sensors are deployed to capture environmental 
data continuously. ESP32/ESP8266 
microcontrollers process the collected data and 
transmit it to cloud servers using MQTT or 
HTTP protocols. The cloud platform hosts 
interactive dashboards displaying graphs, 
trends, and real-time weather statistics, 
allowing users to monitor changes 
dynamically. Alerts can be triggered for 
extreme conditions such as storms, heavy 
rainfall, or abnormal temperature shifts. 
Historical data storage enables trend analysis, 
predictive modeling, and localized weather 
forecasting. IoT integration ensures that 
multiple locations can be monitored 
simultaneously from a centralized platform. 
Security mechanisms like encrypted 
communication and authenticated access 
prevent unauthorized access and ensure data 
integrity. The system provides visual graphs 
for temperature, humidity, light and rainfall 
over time, aiding environmental monitoring 
and research. Overall, this IoT-based real-time 
weather monitoring system improves data 
accuracy, reduces human dependency, 
provides actionable insights, and enables 
timely response to adverse weather conditions. 
The combination of embedded electronics, 

cloud computing, real-time sensing, and 
graphical visualization creates a modern, user-
friendly weather monitoring solution suitable 
for home, agriculture, and environmental 
research applications. 

I. INTRODUCTION 

1.1 Overview 

The rapid advancement of Internet of Things 
(IoT) technology has transformed the way 
environmental data is collected, analyzed, and 
utilized. In recent years, real-time monitoring 
systems have become increasingly important 
for environmental observation, climate studies, 
agriculture, disaster management, and smart 
city applications. Weather conditions directly 
influence human life, agricultural productivity, 
transportation systems, and ecological balance. 
Accurate and timely weather information plays 
a crucial role in decision-making processes 
ranging from crop planning to disaster 
preparedness. 
Traditional weather monitoring systems rely 
primarily on centralized meteorological 
stations that collect atmospheric data using 
sophisticated instruments. Although these 
stations provide reliable data, they are often 
limited in number, expensive to maintain, and 
incapable of offering hyper-localized weather 
updates. Additionally, there can be delays in 
broadcasting information to the public. With 
increasing climate variability and 
unpredictable weather patterns, there is a 
growing demand for real-time, location-

specific, and continuously updated weather 
data. 
The Real-Time Weather Report Streaming 
with Graphs using IoT project aims to 
address these challenges by designing and 
implementing an IoT-based environmental 
monitoring system capable of collecting, 
transmitting, and visualizing weather data in 
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real time. By integrating embedded systems, 
environmental sensors, wireless 
communication modules, and cloud computing 
platforms, the system enables live weather 
data streaming with graphical representation 
accessible from anywhere. 
1.2 Background of the Study 

Weather monitoring has evolved significantly 
over the past decades. Early weather 
forecasting relied on manual observations, 
physical instruments, and periodic data 
reporting. Over time, automated weather 
stations (AWS) were introduced to 
continuously collect atmospheric data such as 
temperature, humidity, wind speed, and 
rainfall. However, these systems remain 
centralized and require significant 
infrastructure investment. 
The emergence of IoT technology has 
revolutionized data acquisition and monitoring 
systems. IoT refers to a network of 
interconnected physical devices embedded 
with sensors, software, and communication 
capabilities that enable them to collect and 
exchange data over the internet. 
Microcontrollers such as ESP32 and ESP8266 
have made IoT systems affordable, compact, 
and energy-efficient. Cloud platforms such as 
ThingSpeak allow real-time data storage, 
analysis, and graphical visualization. 
By leveraging IoT, weather monitoring 
systems can now be deployed at multiple 
locations with minimal cost and maintenance. 
These distributed systems allow continuous 
environmental monitoring and instant data 
streaming, making them suitable for 
applications in agriculture, research, disaster 
prediction, and smart homes. 
1.3 Need for the Project 
The need for a Real-Time Weather Report 
Streaming System arises from several practical 
and environmental factors: 

1. Localized Weather Monitoring: 
Weather conditions can vary 
significantly within small 
geographical regions. Farmers, 
researchers, and local authorities 

require accurate localized data rather 
than generalized regional forecasts. 

2. Real-Time Data Access: 
Delayed weather updates can result in 
poor decision-making. For example, 
sudden rainfall or temperature changes 
can damage crops or disrupt outdoor 
activities. Real-time monitoring 
ensures immediate awareness. 

3. Climate Change and Environmental 
Awareness: 
Increasing global climate instability 
demands continuous monitoring of 
environmental parameters for research 
and sustainability planning. 

4. Disaster Management: 
Early detection of abnormal weather 
conditions such as heavy rainfall, 
storms, or heatwaves helps minimize 
damage and improves emergency 
response planning. 

5. Agricultural Optimization: 
Farmers rely heavily on weather 
conditions for irrigation planning, 
fertilizer application, and harvesting 
schedules. Real-time data enhances 
productivity and reduces losses. 

6. Graphical Data Visualization: 
Raw numerical values are difficult to 
interpret quickly. Graphical 
representation of weather trends helps 
users analyze patterns efficiently. 

7. Cost-Effective Monitoring: 
IoT-based systems are affordable 
compared to traditional meteorological 
stations, making them accessible for 
educational institutions, research labs, 
and rural communities. 

The combination of these factors highlights the 
necessity of developing a smart, automated, 
and scalable weather monitoring system using 
IoT technology. 
1.4 Problem Statement 
Despite the availability of advanced 
meteorological systems, several limitations 
still exist in conventional weather monitoring 
approaches. Traditional weather stations are 
centralized and cannot provide accurate micro-
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level weather data for specific localities. 
Moreover, these systems often involve high 
installation and maintenance costs, making 
them inaccessible for small-scale users such as 
farmers or research students. 
Another significant issue is the delay in 
weather data updates. Centralized systems may 
provide forecasts based on periodic data 
collection rather than continuous real-time 
monitoring. In rapidly changing weather 
conditions, delayed information can result in 
economic losses, especially in agriculture and 
disaster-prone regions. 
Additionally, conventional systems do not 
always offer interactive graphical visualization 
accessible through user-friendly platforms. 
Users often receive data in textual format, 
which limits understanding of long-term trends 
and pattern analysis. 
Therefore, there is a need to design a low-cost, 
real-time, IoT-enabled weather monitoring 
system capable of continuously collecting 
environmental data, streaming it to cloud 
platforms, and presenting it in graphical 
format with alert mechanisms for extreme 
conditions. 
1.5 Objectives of the Project 
The main objective of this project is to design 
and implement a Real-Time Weather Report 
Streaming System using IoT technology with 
graphical visualization capabilities. The 
specific objectives include: 

1. To design an embedded system 
integrating environmental sensors 
such as temperature, humidity, light 
intensity, rainfall, and air quality 
sensors. 

2. To interface these sensors with a 
microcontroller such as ESP32 or 
ESP8266. 

3. To collect environmental data 
continuously and process it in real 
time. 

4. To transmit the collected data to a 
cloud platform using IoT 
communication protocols such as 
MQTT or HTTP. 

5. To develop interactive graphical 
dashboards displaying real-time and 
historical weather data. 

6. To implement alert mechanisms for 
abnormal weather conditions. 

7. To ensure data security using 
encrypted communication and 
authenticated access. 

8. To enable remote monitoring from 
multiple locations simultaneously. 

These objectives collectively aim to create a 
reliable, scalable, and user-friendly weather 
monitoring solution. 
1.6 Scope of the Project 
The scope of the Real-Time Weather Report 
Streaming System covers the design, 
development, and implementation of an IoT-

based environmental monitoring solution. The 
system is capable of measuring temperature, 
humidity, light intensity, rainfall, and air 
quality parameters using suitable sensors. 
The project includes hardware design, sensor 
integration, microcontroller programming, Wi-
Fi communication setup, cloud data storage, 
and graphical dashboard creation. The system 
supports real-time monitoring and historical 
data visualization through graphs and charts. 
However, the project scope is limited to 
monitoring and visualization. Advanced 
predictive weather modeling and satellite data 
integration are beyond the current 
implementation. The system focuses on 
localized monitoring rather than replacing 
national meteorological departments. 
The proposed system can be expanded in the 
future by adding additional sensors such as 
wind speed and atmospheric pressure sensors, 
integrating machine learning algorithms for 
predictive analysis, and deploying multiple 
sensor nodes for large-scale environmental 
monitoring. 

II. LITERATURE SURVEY 

2.1 Introduction 

Weather monitoring has been an essential 
scientific activity for centuries, supporting 
agriculture, transportation, disaster 
management, and environmental conservation. 
With technological advancement, traditional 
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manual weather observation systems have 
evolved into automated and IoT-enabled smart 
monitoring platforms. This chapter reviews 
existing research and technological 
developments related to real-time weather 
monitoring systems, wireless sensor networks 
(WSN), cloud-based data visualization, and 
IoT-enabled environmental monitoring 
solutions. The literature survey highlights the 
progression from conventional meteorological 
stations to distributed IoT-based systems and 
identifies gaps that motivate the proposed 
Real-Time Weather Report Streaming with 
Graphs using IoT project. 
1. IoT in Weather Monitoring 

IoT technology enables distributed, real-
time weather monitoring. Traditional 
weather stations provide periodic updates, 
often delayed and limited in coverage. IoT 
sensors such as temperature, humidity, and 
pressure sensors collect continuous 
environmental data. Real-time 
transmission using wireless protocols like 
MQTT, HTTP, or LoRaWAN enables live 
monitoring. Cloud dashboards and mobile 
applications allow visualization, alerts, 
and trend analysis. Research highlights 
that IoT-enabled weather monitoring 
improves accuracy, timeliness, and 
decision-making for agriculture, urban 
planning, and disaster management. 

2. Weather Sensors and Measurement 
Techniques 

Accurate weather reporting requires 
multiple sensors. Temperature sensors 
measure environmental temperature 
fluctuations, humidity sensors monitor 
moisture levels, atmospheric pressure 
sensors detect pressure changes, rainfall 
sensors measure precipitation, and 
anemometers detect wind speed. Studies 
show that integrating multiple sensors 
provides comprehensive environmental 
data. Sensor calibration, accuracy, and 
robustness are critical for reliable 
operation. Graphical representation of 
data, including line graphs, bar charts, and 

dashboards, aids in understanding weather 
trends and anomalies. 

3. Microcontroller-Based IoT Systems 

ESP32 and ESP8266 microcontrollers are 
widely used for IoT weather monitoring 
due to Wi-Fi connectivity, low power 
consumption, and real-time processing. 
Microcontrollers interface with multiple 
sensors, collect and process data, and send 
it to cloud servers. OTA firmware updates 
simplify maintenance. Secure protocols 
like MQTT and HTTPS ensure safe and 
reliable communication. Microcontroller-
based systems are modular and 
expandable, allowing integration of 
additional environmental sensors or IoT-

enabled devices. Cloud dashboards 
provide live streaming, data logging, 
visualization with graphs, and historical 
trend analysis. Studies confirm that IoT 
microcontroller systems significantly 
improve weather monitoring efficiency, 
accuracy, and accessibility. 

2.2 Traditional Weather Monitoring 
Systems 

Early weather monitoring systems relied on 
manual instruments such as thermometers, 
barometers, hygrometers, and rain gauges. 
Data collection was periodic and required 
human intervention. Meteorological 
departments later introduced Automated 
Weather Stations (AWS), which improved data 
collection accuracy and reduced human 
dependency. These systems measure 
atmospheric parameters such as temperature, 
humidity, wind speed, rainfall, and pressure. 
Although AWS provides reliable and 
standardized data, several limitations exist: 

• High installation and maintenance cost 
• Centralized infrastructure 

• Limited localized monitoring 
capability 

• Delayed data dissemination 

Researchers observed that centralized weather 
systems are not sufficient for hyper-local 
applications such as precision agriculture or 
localized environmental research. This 
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limitation encouraged the development of 
distributed sensor-based monitoring systems. 
2.3 Wireless Sensor Networks (WSN) in 
Environmental Monitoring 

Wireless Sensor Networks (WSNs) emerged as 
a promising solution for distributed 
environmental monitoring. In WSN-based 
systems, multiple sensor nodes are deployed in 
different locations to measure environmental 
parameters and transmit data wirelessly to a 
base station. 
Several studies demonstrated that WSN-based 
weather monitoring systems improve 
flexibility and coverage. Researchers 
implemented low-power sensor nodes 
equipped with temperature and humidity 
sensors and wireless communication modules 
such as Zigbee and Bluetooth. These systems 
reduced wiring complexity and improved 
deployment in remote areas. 
However, WSN-based systems faced certain 
limitations: 

• Limited communication range 

• High power consumption 

• Lack of internet integration 

• Restricted remote accessibility 

While WSN improved decentralization, 
integration with internet-based platforms 
remained a challenge. This gap led to the 
integration of IoT technology with 
environmental monitoring systems. 
2.4 IoT-Based Weather Monitoring Systems 

The Internet of Things introduced a new 
paradigm in environmental monitoring by 
enabling real-time data transmission over the 
internet. IoT-based systems combine sensors, 
microcontrollers, wireless modules, and cloud 
platforms for continuous monitoring and 
remote access. 
Several researchers proposed IoT-enabled 
weather monitoring systems using 
microcontrollers such as Arduino, Raspberry 
Pi, ESP8266, and ESP32. These systems 
collected parameters such as temperature, 
humidity, rainfall, and air quality, and 
transmitted them to cloud platforms for 
analysis. 

Studies indicate that IoT-based monitoring 
systems provide: 

• Real-time data streaming 

• Remote accessibility 

• Cloud storage and analytics 

• Scalability for multiple nodes 

However, many early IoT weather systems 
lacked interactive graphical visualization and 
advanced alert mechanisms. Data was often 
displayed in raw numerical form without trend 
analysis. This highlighted the need for 
integrating graphical dashboards and 
predictive analytics into IoT weather 
platforms. 
2.5 Cloud Computing in Environmental 
Monitoring 

Cloud computing plays a vital role in IoT-

based weather systems. Cloud platforms 
provide infrastructure for data storage, 
processing, visualization, and analytics. 
Researchers utilized platforms such as 
ThingSpeak, Firebase, AWS IoT, and Blynk 
for weather data streaming. 
The integration of cloud computing offers 
several advantages: 

• Real-time data visualization through 
graphs and dashboards 

• Historical data storage 

• Remote monitoring from any location 

• Scalability for large data volumes 

Literature shows that cloud-based systems 
enhance usability by converting raw sensor 
data into meaningful graphical insights. Users 
can analyze temperature variation trends, 
rainfall intensity patterns, and humidity 
fluctuations over time. 
Despite these advantages, challenges such as 
data security, network reliability, and latency 
remain areas of active research. 
III. SYSTEM ANALYSIS 

3.1 Introduction 

System analysis is a critical phase in the 
development of any engineering project, as it 
evaluates the existing methodologies, 
identifies their limitations, and proposes an 
improved solution that addresses current 
challenges. In the context of environmental 
monitoring, particularly real-time weather 
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reporting, system analysis helps in 
understanding the drawbacks of traditional 
monitoring systems and the necessity of an 
IoT-based approach. This chapter presents a 
detailed analysis of the existing weather 
monitoring systems, their disadvantages, the 
proposed IoT-enabled weather report 
streaming system, its advantages, and the 
overall system requirements including 
hardware, software, and communication 
components. 
3.2 Existing System 

The existing weather monitoring system 
primarily relies on centralized meteorological 
stations operated by government or research 
organizations. These stations use conventional 
instruments such as thermometers, 
hygrometers, barometers, rain gauges, and 
anemometers to measure weather parameters. 
Data is collected at fixed intervals and 
transmitted to central servers for processing. In 
many cases, the data is manually logged or 
updated periodically rather than continuously. 
Access to weather information is often limited 
to predefined locations and is distributed 
through websites, TV broadcasts, or reports 
with a noticeable delay. Visualization is 
usually static, and real-time graphical analysis 
is limited or unavailable for end users. 

1. Lack of Real-Time Data – Weather 

updates are delayed due to periodic 

data collection and processing. 

2. Limited Coverage – Centralized 

stations cannot effectively monitor 

localized or remote areas. 

3. High Human Dependency – Manual 

observation and maintenance increase 

the chances of errors. 

4. Poor Data Visualization – 

Traditional systems provide limited or 

static graphical representation. 

5. No Instant Alerts – Emergency 

warnings for sudden weather changes 

are often delayed. 

6. High Infrastructure Cost – 

Installation and maintenance of large 

meteorological stations are expensive. 

7. Scalability Issues – Expanding 

coverage requires significant 

investment and infrastructure 

upgrades. 

In addition to centralized meteorological 
stations, Automated Weather Stations (AWS) 
were introduced to automate the process of 
data collection. AWS systems are installed in 
selected locations and operate continuously 
without human intervention. Although AWS 
improves automation and accuracy, it still 
depends on centralized infrastructure for data 
processing and dissemination. The installation 
and maintenance costs of such systems are 
significantly high, limiting their accessibility 
to smaller communities or individual users. 
Some researchers introduced Wireless Sensor 
Network (WSN)-based weather monitoring 
systems to address decentralization. In WSN 
systems, multiple sensor nodes communicate 
wirelessly with a base station. These systems 
reduce wiring complexity and allow flexible 
deployment in remote areas. However, WSN-

based solutions often lack internet connectivity 
and advanced cloud integration, which restricts 
real-time remote access and large-scale data 
analytics. 
Moreover, many existing low-cost monitoring 
systems display environmental data locally on 
LCD screens without graphical visualization 
or remote streaming capabilities. This limits 
user interaction and prevents long-term trend 
analysis. Users must be physically present to 
access data, which reduces system efficiency 
and practicality. 
Overall, existing systems either provide large-

scale centralized forecasting or small-scale 
localized monitoring without internet-based 
visualization and analysis. There remains a 
significant gap between affordability, 
accessibility, real-time monitoring, and 
graphical representation of environmental 
data. 
3.3 Disadvantages of Existing System 

The existing weather monitoring systems 
suffer from several disadvantages that limit 
their effectiveness and adaptability in modern 
applications. 
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One of the major disadvantages is high 
installation and maintenance cost. Traditional 
meteorological stations require specialized 
instruments, infrastructure, and trained 
personnel. These systems are expensive and 
cannot be deployed widely in rural or remote 
areas. 
 

Another limitation is centralized operation. 
Weather data is often collected at selected 
stations and used to predict conditions over a 
large region. This approach fails to capture 
micro-climatic variations that may exist within 
small localities. Farmers and local researchers 
may not receive accurate location-specific 
data. 
Delayed updates are another issue. 
Conventional systems may not provide 
continuous real-time streaming accessible to 
end users. Instead, forecasts are generated 
periodically, which may not reflect sudden 
environmental changes. 
Limited graphical visualization is also a 
drawback. Some systems present data in 
textual format without interactive dashboards 
or trend analysis graphs. This makes it difficult 
for users to interpret long-term patterns. 
Additionally, lack of scalability is observed in 
many traditional systems. Expanding coverage 
requires significant infrastructure investment. 
Security vulnerabilities are another concern in 
older systems that lack encrypted 
communication protocols. Data integrity and 
unauthorized access protection may not be 
adequately addressed. 
Finally, absence of alert mechanisms for 
extreme weather conditions in many low-cost 
systems reduces their usefulness in disaster 
management scenarios. 
These disadvantages highlight the need for an 
improved solution that combines affordability, 
real-time data streaming, graphical 
visualization, remote access, and secure 
communication. 
3.4 Proposed System 

The proposed system introduces an IoT-based 
Real-Time Weather Report Streaming System 
using smart sensors, ESP32/ESP8266 

microcontrollers, and cloud platforms such as 
ThingSpeak. Multiple sensors continuously 
measure temperature, humidity, light intensity, 
rainfall, and air quality. The microcontroller 
processes this data and transmits it wirelessly 
to cloud servers using MQTT or HTTP 
protocols. Real-time dashboards display live 
graphs, trends, and historical data. Automated 
alerts notify users during extreme weather 
conditions. The system supports multi-location 
monitoring, secure data transmission, and 
remote access through web or mobile 
applications. 

1. Real-Time Monitoring – Continuous 

live data streaming with instant 

updates. 

2. Graphical Visualization – Interactive 

graphs for temperature, humidity, 

light, and rainfall analysis. 

3. Low Cost & Scalable – Easy 

deployment and expansion using IoT 

devices. 

4. Remote Accessibility – Weather data 

can be accessed anytime from 

anywhere. 

5. Automated Alerts – Immediate 

notifications for abnormal or extreme 

weather conditions. 

6. High Accuracy – Reduced human 

intervention improves measurement 

reliability. 

7. Historical Data Analysis – Stored 

data enables trend analysis and 

predictive modeling. 

8. Multi-Location Support – 

Simultaneous monitoring of different 

geographical regions. 

9. Enhanced Security – Encrypted 

communication and authenticated 

access ensure data integrity. 

10. Wide Applications – Suitable for 

smart homes, agriculture, 

environmental research, and disaster 

management. 

The system also incorporates threshold-based 
alert mechanisms. If abnormal weather 
conditions such as excessive rainfall or 
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extreme temperature changes are detected, the 
system can send notifications to users. 
Security measures such as encrypted data 
transmission and authenticated user access 
ensure protection against unauthorized data 
access. The system is scalable and can support 
multiple monitoring nodes transmitting data to 
a centralized cloud server. 
3.5 Advantages of Proposed System 

The proposed IoT-based weather monitoring 
system offers several significant advantages 
over existing systems. 
First, it provides real-time monitoring and 
streaming of weather parameters, ensuring 
immediate access to environmental data. Users 
can observe live updates and respond promptly 
to changing conditions. 
Second, the system supports graphical 
visualization through interactive dashboards. 
Graphs and charts help users analyze trends 
and patterns effectively. 
Third, the system is cost-effective compared to 
traditional meteorological stations. Using 
affordable sensors and microcontrollers 
reduces overall implementation cost. 
Fourth, it enables remote accessibility. Users 
can monitor environmental conditions from 
anywhere using internet-connected devices. 
Fifth, the system is scalable. Multiple sensor 
nodes can be deployed in different locations 
and connected to the same cloud platform. 
Sixth, alert mechanisms enhance safety and 
preparedness by notifying users during 
extreme weather conditions. 
Seventh, data storage in the cloud enables 
historical analysis and research opportunities. 
Eighth, security mechanisms protect data 
integrity and prevent unauthorized access. 
Overall, the proposed system combines 
affordability, reliability, scalability, and user-
friendly visualization into a single integrated 
solution. 
IV. HARDWARE 

Controller 

Arduino Uno 

The Arduino Uno is a microcontroller board 

based on the ATmega328 (datasheet). It has 14 

digital input/output pins (of which 6 can be 

used as PWM outputs), 6 analog inputs, a 16 

MHz ceramic resonator, a USB connection, a 

power jack, an ICSP header, and a reset 

button. It contains everything needed to 

support the microcontroller; simply connect it 

to a computer with a USB cable or power it 

with a AC-to-DC adapter or battery to get 

started. 

The Uno differs from all preceding boards in 

that it does not use the FTDI USB-to-serial 

driver chip. Instead, it features the 

Atmega16U2 (Atmega8U2 up to version R2) 

programmed as a USB-to-serial converter. 

Uno board has a resistor pulling the 8U2 HWB 

line to ground, making it easier to put into 

DFU mode.Arduino board has the following 

new features:  

1.0 pinout: added SDA and SCL pins that are 

near to the AREF pin and two other new pins 

placed near to the RESET pin, the IOREF that 

allow the shields to adapt to the voltage 

provided from the board. In future, shields will 

be compatible both with the board that use the 

AVR, which operate with 5V and with the 

Arduino Due that operate with 3.3V. The 

second one is a not connected pin, that is 

reserved for future purposes. 

• Stronger RESET circuit. 

• Atmega 16U2 replace the 8U2. 

"Uno" means one in Italian and is named to 

mark the upcoming release of Arduino 1.0. 

The Uno and version 1.0 will be the reference 

versions of Arduino, moving forward. The 

Uno is the latest in a series of USB Arduino 

boards, and the reference model for the 

Arduino platform; for a comparison with 

previous versions, see the index of Arduino 

boards. 

 
Fig: ARDUINO UNO 
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LIGHT DEPENDENT RESISTOR 

A photo resistor or light dependent 
resistor (LDR) is 
a resistor whose resistance decreases with 
increasing incident light intensity; in other 
words, it exhibits photoconductivity. It can 
also be referred to as a photoconductor or CdS 
device, from "cadmium sulfide," which is the 
material from which the device is made and 
that actually exhibits the variation in resistance 
with light level. Note that CdS is not a 
semiconductor in the usual sense of the word 
(not doped silicon). 

 
A photoresistor is made of a high 
resistance semiconductor. If light falling on the 
device is of high 
enough frequency, photons absorbed by the 
semiconductor give bound electrons enough 
energy to jump into the conduction band. The 
resulting free electron (and its hole partner) 
conduct electricity, thereby lowering 
resistance. 
A photoelectric device can be either intrinsic 
or extrinsic. An intrinsic semiconductor has its 
own charge carriers and is not an efficient 
semiconductor, e.g. silicon. In intrinsic devices 
the only available electrons are in the valence 
band, and hence the photon must have enough 
energy to excite the electron across the 
entire bandgap. Extrinsic devices have 
impurities, also called dopants, added whose 
ground state energy is closer to the conduction 
band; since the electrons do not have as far to 
jump, lower energy photons (i.e., longer 
wavelengths and lower frequencies) are 
sufficient to trigger the device. If a sample of 
silicon has some of its atoms replaced by 
phosphorus atoms (impurities), there will be 
extra electrons available for conduction. This 
is an example of an extrinsic semiconductor. 
Photo resistors are basically photocells. 

WIFI MODULE 

Description 

The ZG2100M & ZG2101M modules are low-

power 802.11b implementations. All RF 

components, the baseband and the entirety of 

the 802.11 MAC reside on-module, creating a 

simple and cost-effective means to add Wi-Fi 

connectivity for embedded devices. The 

module(s) implement a high-level API, 

simplifying design implementation and 

allowing the ZG2100M or ZG2101M to be 

integrated with 8- and 16-bit host 

microcontrollers. 

Features 

• Single-chip 802.11b including MAC, 

baseband, RF and power amplifier 

• Data Rate: 1 & 2 Mbps 

• 802.11b/g/n compatible 

• Low power operation 

• API for embedded markets, no OS required 

• PCB or external antenna options 

• Hardware support for AES and RC4 based 
ciphers (WEP, WPA, WPA2 security) 

• SPI slave interface with interrupt 
• Single 3.3V supply, operates from 2.7V to 
3.6V (see section 5) 

• 21mm x 31mm 36-pin Dual Flat pack PCB 

SM Package 

• Wi-Fi Certified, RoHS and CE compliant 

• FCC Certified (USA, FCC ID: W7O-

ZG2100-ZG2101) 

• IC Certified (IC: 8248A-G21ZEROG) 

• Fully compliant with EU & meets the 
R&TTE Directive for Radio Spectrum 

 
RAIN SENSO 
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The most commonly used rain sensor module 
consists of two parts: 

1. Rain sensing plate (raindrop board) 
2. Control module (comparator circuit 

board) 
When rainwater falls on the sensing plate, it 
changes the electrical resistance between 
conductive tracks. This variation is detected by 
the control module and converted into analog 
or digital output signals. 
Construction and Pin Configuration 

A typical rain sensor module has the following 
pins: 

• VCC – Power supply (3.3V or 5V) 
• GND – Ground 

• AO (Analog Output) – Provides 
analog voltage proportional to rain 
intensity 

• DO (Digital Output) – Provides 
HIGH/LOW signal based on threshold 

The sensing plate contains parallel conductive 
lines. When dry, the resistance between lines is 
high. When water droplets fall on the plate, 
conductivity increases, reducing resistance and 
producing a measurable signal. 
Alphanumeric LCD 

Liquid Crystal Display also called as LCD is 
very helpful in providing user interface as well 
as for debugging purpose. The most commonly 
used Character based LCDs are based on 
Hitachi's HD44780 controller or other which 
are compatible with HD44580. The most 
commonly used LCDs found in the market 
today are 1 Line, 2 Line or 4 Line LCDs which 
have only 1 controller and support at most of 
80 characters, whereas LCDs supporting more 
than 80 characters make use of 2 HD44780 
controllers. 
Pin Description 

 
BUZZER 

What is a Buzzer: Working & Its 
Applications 

There are many ways to communicate between 
the user and a product. One of the best ways is 
audio communication using a buzzer IC. So 
during the design process, understanding some 
technologies with configurations is very 
helpful. So, this article discusses an overview 
of an audio signaling device like a beeper or a 
buzzer and its working with applications. 
What is a Buzzer? 

An audio signaling device like a beeper or 
buzzer may be electromechanical 
or piezoelectric or mechanical type. The main 
function of this is to convert the signal from 
audio to sound. Generally, it is powered 
through DC voltage and used in timers, alarm 
devices, printers, alarms, computers, etc. 
Based on the various designs, it can generate 
different sounds like alarm, music, bell & 
siren. 

 
V. METHODOLOGY & 

IMPLEMENTATIONS 

5.1 Introduction 

This chapter describes the methodology 
adopted for the development and 
implementation of the Real-Time Weather 
Report Streaming with Graphs using IoT 
system. The methodology explains the step-

by-step procedure followed to design, 
integrate, test, and deploy the weather 
monitoring system. It also presents the 
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hardware implementation, software 
development, cloud configuration, and system 
testing procedures. The implementation 
combines embedded systems, sensor 
interfacing, wireless communication, and 
cloud-based data visualization to achieve real-
time environmental monitoring. 
5.2 Overall Methodology 

The methodology for developing the system 
follows a structured approach consisting of the 
following stages: 

1. Requirement analysis 

2. Component selection 

3. Hardware design and sensor 
integration 

4. Microcontroller programming 

5. Wi-Fi communication setup 

6. Cloud platform configuration 

7. Dashboard development 
8. System testing and validation 

Each stage is carefully implemented to ensure 
reliability, accuracy, and real-time 
performance of the weather monitoring 
system. 
5.3 Hardware Implementation 

The hardware implementation forms the 
foundation of the system. It involves the 
integration of sensors with the microcontroller 
and ensuring stable power supply. 
5.3.1 Sensor Integration 

The following sensors are used in the system: 
• DHT11 – Measures temperature and 

humidity 

• Rain Sensor Module – Detects 
rainfall presence 

• LDR Sensor – Measures light 
intensity 

• Air Quality Sensor (MQ135) – 
Detects air pollution levels 

Each sensor is connected to the ESP8266 or 
ESP32 microcontroller. Digital sensors like 
DHT11 communicate using a single-wire 
protocol, while analog sensors such as MQ135 
and LDR provide voltage outputs that are read 
through analog pins. 
5.3.2 Microcontroller Setup 

The ESP8266/ESP32 microcontroller is 
selected due to its built-in Wi-Fi capability, 

low power consumption, and sufficient 
processing capacity. It acts as the central 
processing unit of the system. The controller 
reads data from sensors at regular intervals and 
processes it before transmission. 
5.3.3 Power Supply 

A regulated 5V DC power supply is used to 
power the microcontroller and sensors. Voltage 
regulators ensure stable operation. For outdoor 
deployment, the system can be powered using 
rechargeable batteries or solar panels to ensure 
continuous operation. 
5.4 Software Implementation 

The software implementation involves 
programming the microcontroller and 
configuring communication protocols. 
5.4.1 Firmware Development 
The firmware is developed using Arduino IDE 
in Embedded C/C++. The program performs 
the following tasks: 

• Initializes sensors and Wi-Fi module 

• Connects to local Wi-Fi network 

• Reads sensor data periodically 

• Converts analog values to meaningful 
units 

• Formats data for transmission 

• Sends data to cloud server 
The system operates in a continuous loop to 
ensure real-time monitoring. 
5.4.2 Data Acquisition Process 

The microcontroller collects sensor readings 
every predefined interval (e.g., 15 seconds). 
The values are processed and stored 
temporarily in memory. Calibration formulas 
are applied where necessary to ensure 
accuracy. 
5.4.3 Communication Protocol 
Data is transmitted to the cloud using either: 

• HTTP protocol (via API keys) 
• MQTT protocol (publish-subscribe 

model) 
MQTT is preferred for efficient and 
lightweight communication in IoT systems. 
5.5 Cloud Implementation 

The cloud platform is configured to receive, 
store, and visualize environmental data. 
5.5.1 Channel Configuration 
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A channel is created on the IoT cloud platform 
(e.g., ThingSpeak). Fields are assigned for: 

• Temperature 

• Humidity 

• Rainfall 
• Light Intensity 

• Air Quality 

An API key is generated for secure data 
transmission. 
5.5.2 Data Visualization 

The cloud platform automatically generates 
graphical dashboards including: 

• Line graphs for temperature and 
humidity 

• Bar graphs for rainfall detection 

• Trend analysis for air quality 

• Real-time status indicators 

Users can access dashboards via web browsers 
or mobile applications. 
5.5.3 Alert Mechanism 

Threshold values are defined for extreme 
conditions. If temperature exceeds safe limits 
or heavy rainfall is detected, alert notifications 
can be triggered through email or app 
notifications. 
BLOCK DIAGRAM 

 
The overall working condition of the proposed 
IoT-based Real-Time Weather Report 
Streaming System begins when the power 
supply activates the entire setup and provides 
regulated voltage to the controller, sensors, 
LCD, WiFi module, and buzzer. Once 
powered, the microcontroller (such as 
ESP8266 or ESP32) initializes all connected 
components and establishes a WiFi connection 
with the available network. After successful 
network connectivity, the system starts 

collecting environmental data from the 
integrated sensors. The DHT11 sensor 
measures temperature and humidity, the air 
quality sensor detects the concentration of 
harmful gases and pollutants, the LDR sensor 
measures ambient light intensity, and the rain 
sensor identifies rainfall presence or intensity. 
Each sensor generates electrical signals 
corresponding to environmental conditions, 
which are read and processed by the controller. 
The controller converts analog signals into 
digital values where necessary and applies 
calibration formulas to obtain meaningful 
weather parameters. These values are 
simultaneously displayed on the LCD screen 
for local monitoring. If any parameter exceeds 
predefined safety thresholds—such as high 
temperature, poor air quality, or heavy 
rainfall—the controller activates the buzzer to 
provide an immediate audible alert. This 
ensures quick response to potentially 
hazardous conditions. 
After processing, the controller formats the 
collected data and transmits it to the cloud 
server via the WiFi module using 
communication protocols such as HTTP or 
MQTT. The cloud server stores the incoming 
data in a database and generates real-time 
graphical representations such as line charts 
and trend graphs. Users can access this data 
through a webpage or mobile application, 
where they can monitor live weather 
conditions, analyze historical trends, and 
receive alert notifications. The entire process 
operates in a continuous loop, ensuring 
uninterrupted real-time environmental 
monitoring, remote accessibility, and data 
visualization. This integrated operation of 
sensing, processing, communication, alerting, 
and cloud visualization defines the overall 
working condition of the system. 
FLOW CHART 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 06, June 2026

ISSN No: 2250-3676 www.ijesat.com Page 1701 of 1705



 
VI. CONCLUSION & FUTURE 

SCOPE 

Conclusion 

The Real-Time Weather Report Streaming 
System using IoT has been successfully 
designed and implemented to provide 
continuous environmental monitoring with 
graphical visualization. The system integrates 
multiple sensors including DHT11 for 
temperature and humidity, MQ135 for air 
quality monitoring, LDR for light intensity 
measurement, and a rain sensor for 
precipitation detection. These sensors are 
interfaced with a Wi-Fi-enabled 
microcontroller such as ESP8266/ESP32, 
which processes environmental data and 
transmits it to a cloud server for storage and 
visualization. 
The proposed system overcomes the 
limitations of traditional weather monitoring 
methods by providing real-time data 
streaming, remote accessibility, and interactive 
graphical dashboards. Unlike centralized 
meteorological stations, the system offers 
localized weather data that is particularly 
beneficial for agriculture, research, and 
environmental management. The integration of 
cloud computing enables historical data 
storage and trend analysis, enhancing decision-

making capabilities. 
The system also includes alert mechanisms 
through buzzer notifications and cloud-based 
alerts when environmental parameters exceed 
predefined thresholds. This feature improves 

safety and preparedness during extreme 
weather conditions. Furthermore, the use of 
affordable sensors and microcontrollers makes 
the system cost-effective and scalable for 
multiple deployments. 
Testing results indicate that the system 
performs reliably with acceptable accuracy for 
academic and practical applications. Data 
transmission latency is minimal, and graphical 
visualization provides clear insights into 
environmental changes. The system 
demonstrates the effectiveness of combining 
embedded systems, wireless communication, 
and cloud computing for modern weather 
monitoring solutions. 
Overall, the IoT-based Real-Time Weather 
Report Streaming System enhances 
environmental awareness, supports smart 
agriculture, aids disaster management, and 
contributes to smart city development. It 
provides a modern, efficient, and user-friendly 
solution for continuous weather monitoring. 
Future Scope 

Although the proposed system meets current 
project objectives, several enhancements can 
be implemented in the future to improve 
functionality and scalability. 
One potential enhancement is the integration 
of additional sensors such as wind speed 
sensors (anemometers), atmospheric pressure 
sensors, and UV radiation sensors to provide a 
more comprehensive weather monitoring 
solution. Adding these parameters would 
improve forecasting capability and 
environmental analysis. 
The system can be expanded by integrating 
Machine Learning algorithms for predictive 
weather analysis. Historical data stored in the 
cloud can be used to train models for 
forecasting temperature trends, rainfall 
probability, or pollution levels. 
Another improvement involves deploying 
multiple sensor nodes across wider 
geographical regions to create a distributed 
weather monitoring network. This would 
enable comparative analysis between different 
locations and support regional climate studies. 
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Solar-powered operation can be implemented 
to make the system energy-efficient and 
suitable for remote or rural areas. This will 
enhance sustainability and reduce dependency 
on external power sources. 
A dedicated mobile application with enhanced 
user interface features such as push 
notifications, data export options, and 
customizable dashboards can further improve 
user experience. 
Security enhancements such as advanced 
encryption techniques, blockchain-based data 
integrity mechanisms, and secure 
authentication protocols can also be 
implemented to protect sensitive 
environmental data. 
Finally, integration with smart city 
infrastructure and government meteorological 
databases can make the system more impactful 
for large-scale environmental monitoring and 
policy planning. 
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