IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 9 Issue: X Month of publication: November 2021

DOIl: https://doi.org/10.22214/ijraset.2021.38773

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue X1 Nov 2021- Available at www.ijraset.com

Microcontroller based Multifunctional Automated Weather
Monitoring and Logging System

Ruwan Bolongho
Department of Physics, University of Colombo, Sri Lanka

Abstract: This paper describes a microcontroller-based prototype Automated Weather Monitoring and Logging System that can
col- lect meteorological data such as air temperature, relative humidity, atmospheric pressure, light intensity, and rain detection
from any distant location. The Weather Monitoring and Logging System is entirely automated, and measured weather data is
transferred to a public server while showing immediate data on a liquid crystal display (LCD) and stored to a Secure Digital (SD)
card. For private viewers, Android-based smart phones may be interfaced with the weather station and operated via the android
application. The weather station is supplied by a direct current (DC) source, with a backup rechargeable battery. In the event of
an emergency power outage, the system will immediately switch to battery power. Two Atmega 328p and Two ESP 8266
microcontrollers are utilized as the core of the control and coordination of the relative multitude of exercises of the singular
modules. All of the sensors in the systems have been calibrated, ensuring that the system’s accuracy seems to be exceptional.
This system will benefit all users, and it will benefit the meteorological industry because it will allow them to work from a remote
location.
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I. INTRODUCTION

For the last few decades, gathering meteorological data has become an important activity all over the world. Temperature, pressure,
humidity, and other meteorological data are collected using several types of weather monitoring systems. The majority of the
systems use traditional technology to collect meteorological data, but they have always required a diligent and dedicated human
observer to record readings from manual equipment at a set time, every day, without fail. The National Climatic Data Center, which
is part of the National Oceanic and Atmospheric Administration, as well as Regional Climate Centers and State Climatologists, are
the primary sources of data in the United States. Other countries’ weather services run similar government archives. A variety of
local government organizations, colleges, and private companies, in addition to national government sources, store meteorological
data and run weather observing stations as part of special monitoring networks [1]. Weather forecasts are more accurate than they
have ever been. A 5-day weather prediction now is as dependable as a 2-day forecast was 20 years ago, according to the World
Meteorological Organization (WMO). This is because forecasters today collect weather data using modern technologies and the
world’s most powerful computers. Data and computers work together to create complicated models that more precisely describe
atmospheric conditions. These models may be designed to forecast changes in the atmosphere and weather. Despite these
advancements, weather forecasts are still frequently inaccurate. Because weather is a complicated and unpredictable system, it is
incredibly difficult to anticipate. [2] Collecting meteorological data in a remote area is difficult due to the distance between the
collecting station and the place. To overcome this problem, the development of methods for the remote indication of meteorological
measuring instruments has received the attention of experimenters for many years. Although many suggestions have been made for
developing automated weather stations, the functions of them were going to be limited. This leads to the problem of finding a
suitable multifunctional automated low-cost weather station for measuring meteorological data carried out for a long period. There
are numerous benefits to using automated weather systems instead of traditional stations, the most important of which are: data
monitoring in sparse areas where human observations are impractical, continuous data flux at frequent intervals and for any
observation time, increased coverage, elimination of subjectivity in observations, and cost savings. [3]

This Automated Weather Monitoring and Logging System is a collection of previously developed weather stations with the
capability of data collection, data indication, data Wi-Fi network, and control via a smart mobile phone. It has advantages such as
consistency in data measurement, increased frequency of data acquisitions, operability in all weather conditions throughout the year,
and can be installed in any remote location. [4] [5] [6] The following is how the remainder of the paper is organized: The materials
and methodology utilized to develop this Automated Weather Monitoring and Logging System, as well as the sensor calibration
process, are presented in Section Il. In part I, the numerical results, as well as the benefits and drawbacks, are extensively
explored. Finally, Section IV brings the paper’s work to a close.
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Il. DESIGN AND METHODOLOGY
The Automated Weather Monitoring and Logging System can be divided into four main sub stations.

1) Sensor Station

2) Microcontroller Station
3) Power Supply Station

4) Graphical User Interface

___________________________________________________________________________________________
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Fig. 1 Basic Block Diagram of the Automated Weather Monitoring and Logging system

A. Sensor Station

A sensor station is made up of various sensors that detect meteorological data such as temperature, pressure, humidity, light
intensity, and rainfall. The sensor station can be deployed in a remote location, and the data collected is transferred to the
microcontroller station via a connected link.

L)
Fig. 2 Sensor Station with LCD Display
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1) The Digital Humidity and Temperature (DHT11) Sensor: DHT11 is a temperature and humidity sensor that measures the
ambient air using a capacitive humidity sensor and thermistor. It offers high dependability and outstanding long-term stability by
employing an exclusive digital-signal-acquisition technique as well as temperature and humidity sensing technologies. [7]

2) Barometric Pressure Sensor (BMP) 180: BMP 180 is an 12C compliant pressure and temperature sensor that can measure
atmospheric pressure, air temperature, and elevation with respect to pressure and temperature. [8]

3) BH1750FVI Light Intensity Sensor: BH1750FV1 is a digital light sensor, which has a digital ambient light sensor IC for 12C bus
interface. It is possible to detect wide range at high resolution.

4) Rain Sensor Module: The rain drop sensor module is a sensor that detects the presence of rain or wet weather in the immediate
vicinity. The module comprises of a rain board for detecting droplets, a potentiometer for adjusting the sensitivity, and an LED
for power indication. It outputs both analog and digital signals.

B. Microcontroller Station

Automated Weather Monitoring and Logging System’s microcontroller unit serves as the system’s CPU. All sensor data is routed to
the unit, where it is processed. The Microcontroller Unit is made up of two Arduino Nanos, two Node MCUs, a Secure Digital card
reader module, and a Real Time Clock module [9]. All of these microcontrollers are linked together, and data is transmitted via
Universal Synchronous Asynchronous Receiver Transmitter technology. The microcontroller integrated circuits (1Cs) utilized in the
Arduino Nano and Node MCU are Atmega 328P [10] and ESP 8266 [11], respectively.

ggroo @ f
Fig. 3 Microcontroller Unit of the System

C. Power Supply Station

The Automated Weather Monitoring and Logging System’s power supply requirements are met by a 7.5 DC power supply and a 6V
battery, which is responsible for powering all microcontrollers and modules in the microcontroller unit as well as all sensors in the
sensor station. In the event of an Alternating Current (AC) power supply breakdown, a 6V lead acid battery is connected as a backup
power source, and if there is no AC supply, the circuit will automatically switch to battery power, and when AC is available again,
the circuit will switch back to AC power. Power is supplied to the microcontrollers and sensors through LM 7805 voltage regulators.
Battery charging function is controlled using external signal and 5VDC relay is connected for the separation of the charging circuit.
A voltage indicator is also connected to the power supply unit for quick measurement of the battery voltage.
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Fig. 4 Power Supply Unit of the System
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D. Graphical User Interface

The graphical user interface plays an important part in a weather monitoring system because it allows the end user to visualize the

data. Three graphical user interfaces are employed to visualize the data in this Automated Weather Monitoring and Logging System.

1) Liquid Crystal Display: 16x2 LCD is mounted on the top of the sensor station unit to display weather data for any user at the
sensor station. This display unit is useful for get instant readings whenever if there is any repairing process and especially in
calibration.

2) Ubidot 10T Server Display: The Internet of Things (loT) is becoming a prominent factor of our complex Internet infras-
tructure. In this weather station, all sensor data is sent to the Ubidot 10T server for the public viewers. Ubidots include with
Tables, graphs, indicators, sliders and many other visualizers for easy understanding. [12]
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Fig. 5 Ubidot 10T Server Display

3) UDP Android Smart Mobile Display: The User Datagram Protocol (UDP) is designed to provide a datagram mode of packet-
switched computer communication in the context of a networked environment. In this case, UDP communication is facilitated
via a Wi-Fi network. Both the smart phone and the ESP 8266 are linked to the same Wi-Fi network. UDP messages are
delivered via mobile, and the data that is returned is also presented in the graphical userinterface.

4) Working Principle: As previously stated, the Automated Weather Monitoring and Logging System was developed as a stand-
alone system, with the various functional circuits and modules assembled as standalone detachable units connected by wire
connections. Each unit is responsible for a specific purpose. The sensor station is gathering all meteorological data. All sensors
are linked to the Atmega 328P, and data processing takes place here. This microcontroller is linked to a single liquid crystal
display, and all-weather data is presented on the LCD every 10 seconds. To reduce the amount of data and control wire lines, the
LCD is also connected via the 12C bus interface. After that, via Universal Synchronous Asynchronous Receiving and
Transmitting (USART), the sensor data is sent to other microcontrollers. Sensor data is transformed to a string format before
being sent to other devices, as demonstrated below.
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Fig. 6 Android Application for Smart Mobile Viewers

1008, 0,105, 66,33 * 1)

The data for pressure, rain, light intensity, temperature, and humidity are sent with a comma separation, and a star symbol is sent at
the conclusion to signal the end. Three microcontrollers are waiting for the string, which will be separated using a string separation
method and stored in five variables after it is received.

Another Atmega 328P is connected with the SD card module and the real time clock module. This microcontroller is used to store
the received weather data in the SD card with date and time which is given by RTC Module. It is necessary to adjust date and the
time of the RTC module before interfacing with the microcontroller.

Because this system is based on Wi-Fi communication, a Node MCU with an integrated ESP 8266 Wi-Fi module is utilized to
connect to a Wi-Fi network. One ESP 8266 was set up to obtain an IP address from a known Wi-Fi network by providing the
network’s SSID and password. it will wait for data transmitted from Atmega 328P after assigning an IP address. The data is then
transferred to an 10T server for public viewing.

Other ESP 8266 is configured with the static IP address which is in same Wi-Fi range and both the ESP 8266 and the mobile is
connected with that Wi-Fi network. The smart phone can transmit UDP messages, and each message will request specific data from
the ESP 8266, which will respond to each message. The weather data is updated every 10 seconds, according to the system’s
programming.
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5) Calibration: The calibration process must be completed at the end of the project in order to retain acceptable accuracy. All
sensors, with the exception of the pressure sensor, were calibrated here using various methods. The calibration coefficients for
each sensor were computed after graphs were plotted using Mat Lab.

a) Calibration of Temperature Sensor: Calibration of the Temperature Sensor was done using standardthermometer.

90 T T T T T T T T T

80

701

60

Temperature from Thermometer (C))

1 1 1 1 1 1 1
30 35 40 45 50 55 60 65 70 75 80
Temperature from Sensor (C))

30 1 1

Fig. 7 Sensor Temperature vs Thermometer Temperature

CT = (CC *ST) + Offset 2)

Where, CT = Calibrated Temperature, CC = Calibration Coefficient, ST = Sensor Temperature
Calibration Coefficient = 1.0387
Offset = - 0.6333C

A RH basic 1

Fig. 8 Calibration Process of the Temper

—

ature Sensor
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b) Calibration of Humidity Sensor: Calibration of the humidity sensor is rather different than the other calibration processes.
Relative humidity can be kept constant under different types of saturated salt samples and this method was implemented to
calibrate the humidity sensor. Six types of different chemicals were taken and put each of them into small bottle and dissolved
with small amount of water and kept constant for approximately 12 hours to become saturated. After 10-12 hours, relative
humidity of the sensor was observed and compare it with actual relative humidity value according to the data sheet. Finally,
values were plotted using Mat Lab and calibration coefficient was calculated. [13]
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Actual Humidity (%)
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Fig. 9 Sensor Humidity vs Actual Humidity

C.H = (C.C #S.H) + Offset (3)
Where, CH = Calibrated Humidity, CC = Calibration Coefficient, ST = Sensor Humidity

Calibration Coefficient = 0.9877
Offset = 0.3004

|

*

\

Fig. 10 Calibration Process of the Humidity Sensor with Mgnesium Chloride
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c) Calibration of Light Intensity Sensor: Calibration of light intensity is somewnhat difficult than the others, because the light
intensity is change rapidly in less time. DT 1309 Commercial Lux Meter was used to calibrate the light intensity of BH1750
Light intensity sensor. Readings were taken by keeping both sensor and the lux meter at same light level and experiment was
done in several times. Observed vales were averaged and plotted in Mat lab.
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Fig. 11 Light Intensity from Sensor vs DT1309 LUX meter

C.L.I = (C.C #S.1) = Offset 4)
Where, CT = Calibrated Light Intensity, CC = Calibration Coefficient, ST = Sensor Intensity

Calibration Coefficient = 0.6954
Offset = - 0.2656 Lx

I1l. RESULTS AND DISCUSSION
It was taken at least 2 months to design the Automated Weather Monitoring and Logging System and those results were observed
for nearly one month time. All-weather data were saved in the Ubidot 10T server and the saved data can be exported to an Excel
sheet for further analysis. The following table shows the results that were taken from the Ubidots 10T server after calibration.
Finally, observed that there is no huge difference in the results by comparing with other weather monitoring equipment and online
weather channels. The error of the results was calculated for each sensor using the standard deviation formula.

1) The error of the Temperature Sensor: 0.6902 C
2) Error of the Humidity Sensor: 0.5886 % RH
3) Error of the Light Intensity Sensor: 19.2806 Lx

In the designing period, some problems were raised in the hardware part and even in the software part. As explained earlier two ESP
8266 have to connect to the same Wi-Fi network. The ESP 8266 which connects to the 10T server will get a dynamic IP address
from the network and the ESP 8266 which connects to the UDP server will assign to a static IP address. But if both sensors
connect at the same time an error has occurred in the UDP server. To overcome this problem the ESP 8266 which connects to the
loT server was configured to power on after the ESP 8266 which connects to the UDP Server. This was doneby giving a software-
based input signal from the ESP 8266 which connects to the 10T server to the otherone.
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Date Pressure Rain Temperature humidity Light
October 07 2017 at 1447:16 1005 0 27 57 131
October 07 2017 at 14:47:06 1005 0 27 57 131
October 07 2017 at 14:46:56 1005 0 27 57 122
October 07 2017 at 144548 1005 0 27 57 121
October 07 2017 at 14:46:36 1005 0 27 57 122
ctober 07 2017 at 14:46:26 1005 0 27 57 121
October 07 2017 at 14:46:15 1005 0 27 57 120
October 07 2017 at 14:46:06 1005 0 27 57 121

Fig. 12 Saved Data in Ubidot IOT Server

During the calibration process, some limitations of sensors were observed. Calibration of the temperature was only done for the
values above room temperature. It was difficult to calibrate the values below room temperature. The same calibration method was
taken place by putting the both thermometer and the sensor into Ice. But the sensitivity of the BMP 180 was too slow concerning the
thermometer. Because of the high sensitivity, the thermometer value becomes zero in less time than the sensor. Time for the
calibration of the humidity was taken more than one week time. For sodium chloride minimum time for saturation is 96 hours and
the enclosure must be sealed. After calibration, it was observed that the range of the sensor is limited to 10-90 % in relative
humidity.

By analyzing the graph of the light intensity, the deviation of the values that were taken from the commercial lux meter and the
weather station sensor were increased for higher light intensity. calibration was only done for a limited range and the range of the
sensor was varied from 0 to 54000. The sensitivity of the rain sensor was decreased over time because of the corrosion effect of the
conductor plate. sensitivity potentiometer had to adjust at least once a week. The time that was given by the real-time clock module
also shifted from nearly five minutes to real-time after one-month observations. it is essential to adjust the time of the RTC module
at least once a month. Fault finding and the repairing process which carried out in case of any emergency failure is not a difficult
task, since the weather station was assembled as separate detachable units. A person who takes the repairing action can be observed
the weather station is functioning correctly or not using the LCD. Battery voltage was not given for the public viewers and the rain
detection is also not showing in LCD, because it was useless. There is a voltage indicator that connects to the remote station and the
accuracy of the voltage sensor is +/- 0.2 V by comparing with a commercial. The weather station can be operated for approximately
6 hours using a 6V lead-acid battery. By connecting a wind power station or a solar power station, it is possible to increase the
battery, and the weather station can be operated without AC power for a long period.

IV. CONCLUSION

The purpose of this work was to produce a simple, cost-effective, and multi-functional Automatic Weather Monitoring and Logging
System considering the importance of the availability of weather-related data. From the results obtained in the last two months, it
can be concluded that the work achieved its aims and objectives. The sensors which have been used for this weather station were
low-cost type and the accuracy of the data can be improved by using industrial sensors.

In a further improvement, it is desired to be interfaced with the local area network (LAN) and then data can be easily viewed by the
users within this LAN. One of the future scopes of it is to save the weather data in a local database and visualize it in the local
graphical user interface. Again, it is willing to use GSM technology to send an instant message to the user group when the weather
becomes critical.

©IJRASET: All Rights are Reserved




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue X1 Nov 2021- Available at www.ijraset.com

V. ACKNOWLEDGMENT

I would like to express my deep gratitude to my supervisor Prof. DUJ Sonnadara for the patient guidance, enthusiastic
encouragement and constant supervision through the learning process of this project. Furthermore, I would like to thank Dr.MK
Jayananda and Dr. HE Jayaweera for their advice and assistance in keeping my progress on schedule. Also, my grateful thanks are
extended to Mr. Sameera Viraj and all laboratory staff of University of Colombo for their support and offering me the resources to
complete this project.

[1]
[2]
B3
[4]

[5]
[6]

[7]
8]

[9]

REFERENCES
L. E. Branscome, “FORENSIC METEOROLOGY,” Oxford, pp. 793-798, 2003. [Online]. Available: https://doi.org/10.1016/B0-12-227090-8/00041-5
“Collecting Weather Data | Physical Geography.” [Online]. Available: https://courses.lumenlearning.com/geophysical/chapter/collecting-weather-data/
H. S. Bagiorgas, M. N. Assimakopoulos, A. Patentalaki, N. Konofaos, D. P. Matthopoulos, and G. Mihalakakou. [Online]. Available: http://www.munro-
group.co.uk
A. Katyal, R. Yadav, and M. Pandey, “Wireless Arduino Based Weather Station”,” International Journal of Advanced Research in Computer and Commu-
nication Engineering, vol. 5, 2016.
Olatomiwa and U. Adikwu, “Design and Construction of a Low Cost Digital Weather Station,” AU Journal of Technology, vol. 16, pp. 125-132, 2012.
A. P. Smyth, “Onboard Weather Station,” 05 2010. [Online]. Available: https://people.ece.cornell.edu/land/courses/eceprojectsland/STUDENTPROJ/
2009t02010/aps243/asmyth_ MEngCompilation/asmyth_MEng_Report.pdf
“Digital-output relative humidity & temperature sensor/module — DHT11 Resisitive-,” pp. 1-3. [Online]. Available: https://www.dfrobot.com/product- 174.html
B. Sensortec, “BMP180 Digital pressure sensor,” 2015. [Online]. Available: BST-BMP180-DS000-12;https://pdfl.alldatasheet.com/datasheet-pdf/view/
1132068/BOSCH/BMP180.html
T. Cooper, “DS1307 Real Time Clock Breakout Board Kit.” [Online]. Available: https://learn.adafruit.com/ds1307-real-time-clock-breakout-board-kitPage

[10] “ATmega328P | Microchip Technology.” [Online]. Available: https://www.microchip.com/en-us/product/ ATmega328P#document-table
[11]L. ESPRESSIF SYSTEMS (SHANGHAI) CO., “ESP8266 Wi-Fi MCU | Espressif Systems.” [Online]. Available: https://www.espressif.com/en/products/

s0cs/esp8266

[12] M. Hernandez, “Connect a NodeMCU ESP8266 to Ubidots over HTTP | Ubidots Help Center.” [Online]. Available: https://help.ubidots.com/en/articles/

513312-connect-a-nodemcu-esp8266-to-ubidots-over-http

[13] L. B.Rockland, “Saturated Salt Solutions for Static Control of Relative Humidity between 5" and 40° C,” Analytical Chemistry, vol. 32, pp. 1375-1376, 1960.

©IJRASET: All Rights are Reserved




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




