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 Abstract 
ecause of the enormous changes in climate 

over time, weather forecasting is quite 

unreliable these days. As a result, the 

Meteorological Reporting System is most commonly 

used to monitor the constantly changing climatic and 

weather conditions over restricted regions such as 

homes, industries, agriculture, and so on in real time. 

Thing Speak is an Internet of Things (IoT) platform 

that can display weather data and information from 

anywhere in the world. It also displays on an OLED 

with two-way microcontroller connection via Wi-Fi 

hotspots. A weather station can be defined as an 

instrument or technology that provides us with 

information on the weather in our immediate 

surroundings. It can, for example, provide 

information on the ambient temperature, barometric 

pressure, humidity, and so on. As a result, this 

instrument detects temperature, pressure, humidity, 

light intensity, and rain value. The prototype contains 

a variety of sensors that can be used to measure all of 

the aforementioned 

properties. It can be used to 

keep track of rooms or 

location's temperature and 

humidity. Other data 

factors, such as the dew 

point, can be calculated 

using temperature and 

humidity. In addition to the 

aforementioned features, 

we can also monitor the 

location's light intensity. 

We've also enabled the 

monitoring of the room's 

air pressure. We may also 

keep track of the amount of 
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rain. The prototype's brain is the ESP8266-based Wi-Fi 

module Nodemcu (12E). Temperature and humidity 

sensor (DHT11), pressure sensor (BMP180), raindrop 

module, and light 

dependent resistor are all 

connected to the NodeMCU 

(LDR.). 

 

Introduction 
limate change has a significant impact on human life, and the phenomenal 

growth of industry and automobile traffic has had a significant impact on 

the quality of clean air and the environment (Kodali, 2016). This study 

present a novel way to use technology in a smart weather station in a practical and 

relevant way. This system is primarily designed for use in agriculture, electrical, 

mechanical, civil, and meteorological stations, although it has a wide range of 

applications (Karni, 2017). Observing weather parameters has a significant role in 

human life, therefore gathering, storing, and analyzing information on the 

temporal dynamics of weather changes is critical (Monterio, 2019  

The realized system store measured findings using Internet of Things technology 

and allows the user to access these data at any time and from any location 

(Gangopadhyay, 2016). Because the Internet of Objects is a modern and efficient 

solution for connecting things to the Internet and connecting the entire universe 

of things in a network, it is employed in this research as a technique for storing 

measured data (Joe, 2019). The suggested smart weather station system is built 

on the following steps: direct environment sensing, data measurement, storage, 

and user customization (Kodali, 2018). The system is comprised of a collection of 

embedded sensors, a Peripheral Interface Microcontroller (PIC) microcontroller 

serving as the system's core and server, and wireless internet access via a Global 

System for Mobile Telecommunications (GSM) module using the General Packet 

Radio Service (GPRS) communication protocol (Kulkarni, 2017). Temperature (°C 

or °F), Humidity (percent), Atmospheric pressure (mBar), and Altitude are some of 

the meteorological/ambient characteristics that the device measures (m). Lighting 

(lx), Detection and measurement of gas (LPG) [percent], Wind speed 

(Anemometer) (m/s or km/h) (Karim, 2017). All measurements are accompanied by 

information on the measurement's time and date. When data is stored on the 

server, time and date information is present, and it is available when downloading 

the results (Carlos, 2018). 
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This study is necessary since the major difficulty is figuring out how to make a 

smart constructed weather station that can store collected data as cheaply and 

safely as possible and also, build a weather station that will assist people in 

automating routine daily tasks (Gheith, 2016). Store data, for example, so that the 

end-user may readily access it, get measurement results from anywhere (Asgar, 

2015). This research immediate goal is to keep track of the weather in the area. 

Temperature, humidity, air pressure, and light intensity are all measured by this 

weather station. Sensors are used to measure and monitor these parameters 

(Nallakaruppan, 2019). 

The fundamental motive for pursuing this research is the wide range of 

applications for wireless weather monitoring, which includes anything from 

agricultural development to industrial development. Farmers may monitor the 

weather conditions of a field from afar, eliminating the need for them to be 

physically present in order to learn about the climatic behavior at the spot (Ghalot, 

2017).  The main goal is to design and build a smart system that can store data 

collected by measuring various physical characteristics in the environment 

without the need for human intervention.  

 

MATERIALS AND METHOD 

This work will focus on the development of the Thing Speak IoT platform, which 

will display sensor data. Hardware and software development will be divided into 

two portions in the design processes. The circuit construction and project 

development are both part of the hardware development process. Meanwhile, 

the IoT coding, circuit schematic drawings, circuit simulation, and data collecting 

are all part of the program. The system will be able to display the weather 

condition by analyzing the current weather with sensor value data utilizing three 

(3) types of sensors to monitor the weather parameters of temperature, humidity, 

rain, and air quality. 

All of the data will be controlled by an ESP32 microcontroller, with Wemos acting 

as the client, receiving sensor data from the ESP32 and displaying it on an organic 

light emitting diode display. Furthermore, this system will be visible on the Thing 

Speak channel, which was designed to make it easier for users to check online, as 

well as an Android application called Blynk, which will display sensor data. The 

Internet of Things (IoT) will allow the system to communicate with the user 

wirelessly and online, eliminating the need for human checks. 
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Block Diagram 

 
Fig 1: Block Diagram 

 

Sensor Unit 

Generally, the system that is proposed for use in this design utilizes IoT technology 

as a communication channel. The system's process begins once the ESP32 

microcontroller has configured all of the sensors and has begun reading data from 

them. The data can then be sent to the IoT platform, Thing Speak, via ESP32 Wi-Fi 

network wireless communication. The sensors that link to the ESP32 serve as the 

system's control unit, collecting all of the data. The temperature, humidity, 

pressure, rain, air quality, and weather status are all shown automatically by this 

technology. 

 

Weather Station 

In the meantime, a wireless weather station with a Wi-Fi system is used to monitor 

the unit. The Wemos D1 microcontroller will be in charge of connecting to Wi-Fi, 

receiving live sensor data, and displaying it on an OLED display. To produce a 

perfect data input/output from a control unit to a monitoring unit, this 

communication will emulate the master-slave network protocol or client server 

protocol. If the sensor data is incorrect, the system's security buzzer/led will 

activate. The Blynk app on an Android smartphone will then send a push notice to 

the user. 
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Hardware Development  

Every hardware component must be carefully studied before selection. The 

components are chosen based on their benefits and characteristics in order to 

ensure that each part's functionality is met. The following components are used in 

this project: ESP32, Wemos D1 mini, BME280, MQ135, Rain Sensor, OLED, LCD, 

Buzzer, and LED. 

Circuit design 

The system's circuit can be separated into two halves, with the first serving as a 

weather station that displays all of the weather parameters' values. The control 

unit  is responsible for controlling all sensor data and sending it to Thing Speak and 

websites. The weather station will communicate with the sensor control unit via 

client-server communication, which will pass all of the data collected by the sensor 

control unit to the weather station for display. When there is adverse weather, 

such as heavy rain or poor air quality, this station is also equipped with an 

emergency alarm system. The bme280 sensor is connected to the ESP32's I2C pins 

21 and 22. Pins 33 and 32 are used to connect the rain sensor and the air quality 

sensor. The Wemos D1 is used to connect an I2C LCD and an I2C OLED in monitoring 

mode. D2 and D1 are used to connect the LCD, whereas D3 and D5 are used to 

connect the OLED. 

 
Fig 2: Sensor Unit 
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Fig 3: Weather Station 

 

 Software Development 

The software is created in order to support the hardware device's effectiveness. 

Writing codes or programs achieves the software's sophisticated and elaborate 

operational procedure. Throughout the software development process, the 

Arduino IDE (integrated developer environment) was used. The software was 

written in C and built in pieces for easier debugging before being combined. After 

the integrated software was written and tested, a hex file was generated and 

loaded into the microcontroller. 

 

ESP8266 

Nodemcu ESP8266 wifi module with TCP/IP Protocol stacks and integrated on the 

chip. As a result, any microcontroller could connect to a Wi-Fi network. The 

ESP8267 can host an application as well as load full Wi-Fi networking functions 

from another type of application processor. Every ESP8267 module is pre-

programmed with a command set firmware, allowing a simple connection to 

Arduino device and gain Wi-Fi functionality similar to what a WIFI shield provides. 

The ESP8267 module is gaining popularity, has a large community, and is 

inexpensive. High on-chip integration allows for little external circuitry, including 
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the front end module, which is designed to take up as little PCB space as possible. 

The ESP8267 support apps and Bluetooth interface also provide self-calibrated RF, 

allowing it to work in a variety of environments. 

 
Fig 4: ESP8266 

Arduino Uno 

The Arduino UNO is a free and open-source microcontroller that is used to connect 

hardware and sensors over the internet of things (IOT). 

 
Fig 5: Arduino Uno 

Sensors for temperature and humidity (DHT11) 

The optimum model for measuring is the DHT11 temperature and humidity sensor. 

The temperature will be displayed as Celsius in this case. Humidity (H) will be 

shown as a percentage. 

 
Fig 6: Temperature/Humidity sensor 

LDR 

When light intensity is applied to an LDR, it changes its resistance. They can now 

be used in light sensor circuits. VCC, digital pin D0, GND, and analog pin A0 are the 

four input pins on the supplied sensor. In this project, we'll use digital pin (D0), 

which can send a signal from the sensor to the microcontroller for quick signaling.  
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Fig 7: LDR 

Rain Drop Module 

It's used to see if it's raining. It can also be used to determine the amount of rain 

falling. It can output both digital and analog signals. This module uses an analog 

output pin to measure moisture and produces a digital output when the moisture 

threshold is exceeded. The lower the output voltage, the more water or the lower 

the resistance. The less water, on the other hand, the higher the resistance, i.e., 

the higher the output voltage on the analog pin.  

 
Fig 8: Rain Module 

 

Wind vane with a potentiometric Sensor 

The sensor used to measure wind direction is an IMD potentiometric wind vane. 

The wind vane's potentiometer is a servo-micro torque potentiometer with a 

maximum resistance of 10 kilo-ohms over a 4 degree end gap. The 0-360 degree 

range equates to 0 to 10 kilo ohms. 

 
Fig 9: Wind Vane 

LM2596 Bulk Converter 

The LM2596 step-down switching regulator is a monolithic integrated circuit that 

is perfect for designing a step-down switching regulator quickly and easily (buck 

converter). It has excellent line and load regulation and can drive a 3.0 load. This 
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device has an adjustable output and is internally compensated to reduce the 

amount of external components in the power supply design, making it easier to 

use. Because the LM2596 converter is a switch mode power supply, it has a far 

better efficiency than traditional three-terminal linear regulators, especially at 

higher input voltages.  

 
Fig 10: Bulk Converter 

 

Clock in real time (DS323) 

The DS3231 is a I2C real-time clock (RTC) with an integrated temperature 

compensated crystal oscillator (TCXO) and crystal that is low-cost and 

exceptionally precise. The device has a battery input and maintains accurate 

timekeeping even when the device's main power is lost. The crystal resonator's 

inclusion improves the device's long-term precision while also lowering the piece-

part count in a manufacturing line. The RTC keeps track of seconds, minutes, 

hours, days, dates, months, and years. For months with fewer than 31 days, the 

date at the end of the month is automatically modified, including leap year 

corrections.  

 
Fig 11: Real Time Clock 

 

GSM (Global System for Mobile Communications) module Unit 

The acronym GSM stands for Global System for Mobile Communications. It's a 

piece of equipment that modulates and demodulates signals to satisfy 

communication needs. It encodes digital information by modulating an analogue 

carrier signal, and it decodes the sent information by demodulating the same 

carrier signal.  
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Fig 12: GSM Module 

 

Display Unit 

The output is displayed to the outside world using a 20 4 LCD (liquid crystal display) 

in the suggested system. It's a type of electronic display module that's used in a 

wide range of applications. A 20 by 4 LCD is favored over seven segment displays 

and other multi segment LCDs because it is less expensive, easier to program, and 

allows for the display of unusual and even custom characters. A 20 by 4 LCD can 

show four lines of text, each with a maximum of 20 characters. Each character is 

presented in a 5 by 7 pixel matrix on the LCD. 

 
Fig 13: Display 

 

RESULTS AND DISCUSSIONS 

Table 1: Data from Rain Sensor                           

S/No Sensor  Value Condition 

1 MQ 135  405 Poor 

2 MQ 135 363 Fair 

3 MQ 135 1523 Rainy 

4 MQ 135 2005 Rainy 

 

Table 2: Temperature Data/Forecast Data. 

S/No Sensor Data Forecast Data 

1 Temp 0C 22 Temp 0C 21 

2 Temp 0C 24 Temp 0C 23 
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3 Temp 0C 28 Temp 0C 31 

4 Temp 0C 32 Temp 0C 30 

 

Discussion Based on the data collected by the sensors, ThingSpeak sends and 

displays the results to the user. This will make weather parameter monitoring 

easier. The findings have been compared and demonstrated that the weather 

parameter from the forecast station is not very precise; therefore people can 

access the actual condition at their site with ease using the weather reporting 

system. The MQ135 and rain sensor findings from Table 1 are used to perform a 

comparison in the actual condition of a particular area in order to determine the 

sensor data value that corresponds to the actual situation and draw conclusions 

from the data acquired. With all of the data, the weather reporting system is to 

monitor certainly weather in order to overcome the most important aspect 

determining agricultural enterprise success or failure, as well as to relieve the user 

from receiving inaccurate forecasts from the Forecast Company for their location. 

ESP32 and Wemos D1, with connection via Wi-Fi hotspot, were the IoT 

components that established communication between the microcontroller 

boards. The readings are examined and are shown on tables 1 and 2. 

 

CONCLUSION 

 As a result, this study has achieved its goal of developing a system that can 

monitor weather parameters using a wireless system and IoT. The Sensor station 

and Weather station will interact over hotspot Wi-Fi, which has limitations in terms 

of coverage but is still superior in terms of wireless communication. The data from 

Tables 1  and 2 shows that the temperatures at a specific location differ from the 

exact situation when the accuracy of weather reporting systems and forecast 

systems data is compared. The weather reporting system, it claims, is more 

accurate than the forecasting system.  

 

RECOMMENDATIONS 

Many additional capabilities could be added to the suggested IoT-based weather 

station. We can include a GPS module in the design so that the user's current 

locations, as well as surrounding characteristics like as temperature, humidity, 

pressure, and light intensity, is emailed or messaged to them. It can also be 

configured so that anytime a message or email is sent to the server from a certain 
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phone number or email address, all of the device's environmental parameters, as 

well as its position, are relayed to that phone or email address. This device can also 

be used to monitor a specific room or location where certain environmental 

factors must be monitored continuously. 
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