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Abstract 

This paper describes the designing, implementation and results of a low cost 
portable automatic weather monitoring system capable of measuring air 
pollutants, hazardous gases and atmospheric parameters. This system provides 
the advantage of weather monitoring at any remote place of user choice. The 
system uses Arduino Mega ADK board having ATmega 2560 microcontroller. 
It is a 8 bit high performance, ultra low power consumption microcontroller of 
advanced RISC architecture family having speed of 16MHz and with 
256KBytes of In-System Self-Programmable Flash. It can be easily powered 
with USB. The sensors for measuring the parameters along with GPS receiver 
is interfaced with Arduino board with I2C bus. All the data from the sensors 
along with location of the area i.e., latitude and longitude position is stored in 
the in the micro SD card. This data can be utilized for statistical analysis, 
study of seasonal variations of pollution which will be helpful to the. Pollution 
control department and other Environment protection agencies for further 
analysis. Low cost, low power consumption, smaller size, on device display, 
huge storage capacity, and greater portability are the advantages of this 
system. 
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INTRODUCTION  

Air Pollution can be described as presence of substances and gases in more than 
required quantities and harmful effects in the Eco system. [1]. The major contributors 
to the air pollution are Population explosion, rampant industrialization, and 
exploitation of natural resources by exceeding the limit, vehicular traffic and other 
combustion devices [2]. Due to socio economic conditions the emission of green 
house gases has increased. This has led to atmospheric concentrations of carbon 
dioxide, methane and nitrous oxide that are unprecedented in at least the last 800,000 
years [3]. Air pollution also affects the wealth and health of people. [4]. Prolonged 
exposure to air pollution causes lung cancer, chronic bronchitis and other cardio-
pulmonary diseases [5].  Nearly 23% of overall global deaths is due Air pollution 
according to a report of World Health Organization 2012. Industrialization and 
vehicular emissions has increased the air pollution in urban areas in India. According 
to satellite based remote sensing data and Ground-level in situ measurements more 
than half of India’s population is exposed to dangerous level of fine particulate 
pollution. [6]. Air pollution is one of the major causes of death in India. According to 
a news report the air pollution causes 1.1 million premature deaths every year. Death 
rate due to air pollution in India competes with that of China according to report by 
the Health Effects Institute and the Institute for Health Metrics and Evaluation . [7]. 
So there is a necessity to monitor the pollutant concentrations accurately so that 
sources may be identified and the methods to reduce air pollution can be implemented 
[8].One of the methods to monitor air pollution is Passive sampling which uses 
various techniques for atmospheric data measurements include optical spectroscopy, 
gas chromatography, chemiluminescence and NDIR etc .The analytical instruments 
used for these techniques are highly expensive, bulky in size to install in remote 
locations. Another method is the continuous monitoring using sensors which give real 
time data resulting into real-time environmental decision making. According to O. 
Pummakaracharan et al., the use of Sensor is great alternative for analytical 
instruments because of their robustness, small size, low cost and maintenance and 
portability [9]. Sensor Technology is growing fast because it is low cost, reliable, 
transportable and user friendly. Due to these advantages sensor technology have 
found an important place in field such as Disaster surveillance, Health, Environmental 
pollution monitoring, Agriculture, Transportation, Water management etc. Hence this 
led to development of monitoring system based on sensors which are of low cost, low 
maintenance and portable capable of acquiring and recording data at any remote 
location. This is the main theme of this paper. 
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RELATED WORK 

Wherever An indoor climate monitoring system based on sensors was invented by 
Kang and Park (2000) and Odlyha et al.,(2000) [10,11] and also used to monitor 
greenhouse plants[12]. In 2006 a system was reported by Kamarul Ariffin Noordin et 
al., in which three parameters pressure, temperature and relative humidity are 
measured using sensors with simple circuitry and the data is stored by the 
microcontroller acting as data logger [13]. From 2007 to 2014 many air pollution and 
quality monitoring systems based on sensor arrays and microcontroller were 
developed that report the pollutants levels to a Pollution server via GPRS, GSM, SMS 
and Zigbee technologies which can be interfaced to Google maps.[14,15,16]. Adane 
et al., (2014) designed a data acquisition system which measures atmospheric 
parameters and also radio refractivity of air [17]. By the systemic study of the above 
systems it is understood that in most of the systems the sensor nodes and system have 
to be fixed at some places and pollutants data is transferred to server through wireless 
network technologies. The present system has added advantages of low cost, low 
power consumption, smaller size, on device display, huge storage capacity, and 
greater portability and easily expandable and interfaced with other sensor using I2C 
bus. 

 

SYSTEM HARDWARE DETAILS 

1. Functional Block Diagram and Description 

The Functional block diagram of the system is as shown in Fig.1. It consists of 
Arduino Mega ADK board, GPS Receiver, OLED Display and various sensors. The 
Arduino MEGA ADK board consists of ATmega2560 microcontroller which is a high 
performance, ultra low power consuming Atmel AVR 8-Bit Microcontroller of 
advanced RISC Architecture family with 256KBytes of In-System Self-
Programmable Flash memory. The Figure 2 shows the Arduino Mega ADK board. It 
works on 16 MHz clock, with USB power jack and 54 Input/output pins. It works 
with simple USB connector with AC-DC adapter. The Arduino MEGA ADK can be 
programmed with the Arduino software [18]. 
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Figure 1 shows the Functional block diagram of the system 

 
Figure 2 shows Arduino Mega ADK Board 

 

2. GPS Module 

GPS receivers are used for to find the position, location and for navigation and 
determination of time. This GPS module shown in the figure 3 is a cost efficient one 
with serial communication configuration. It gives coordinate location of the system in 
latitude and longitude, time and date in [19,20] 
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Figure 3 shows the GPS receiver module. 

 

3. Pressure Sensor 

To detect the pressure the Grove barometric sensor [21] has been used shown in the 
figure 4. It consists of Bosch BMP085 high accuracy and low cost pressure sensor 
chip capable of measuring pressure from 300hPa to 1100hPa upto 0.03hPa / 0.25m 
resolution. It has low noise and low power consumption. The BMP085 consists of 
piezo-resistive senor, an ADC and a control unit with EEPROM and a serial I2C 
interface. This sensor can be easily interfaced to Arduino board with I2C bus [22]. 

 
Figure 4 shows the Pressure sensor module 

 

4. Display 

The Display module shown in the figure 5 is an OLED 1.12" monochrome 128×64 
dot matrix screen with I2C interface. OLED screens have numerous advantages like 
low power consumption, high brightness, good contrast ratio, thin outline, wide 
viewing angle, self emission compared to other LCD display modules. This module 

can be operated in between the temperature range 20℃ - 70℃ when [23] . 
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Figure 5 shows the OLED display module 

 

5. Gas Sensor 

The Gas sensor shown in the figure 6 used in this system has a built in MiCS-614 and 
ATmega168PA microcontroller. The MiCS- 614 belongs to the family of MEMS 
sensor and a robust on and best suited for the detection of pollution from automobile 
and agricultural/industrial odors like (CO), (NO2), C2H5OH, H2, NH3, CH4, C3H8, 
C4H10 [24,25].The ATmega168PA is a 8-bit Microcontrollers with  16KB FLASH 
memory, 512B of EE, 1KB SRAM and having lower power consumption[26]. The 
Gas sensor can be interfaced to the microcontroller easily with its I2C interface. 

 

 

Figure 6 shows the Multi channel gas sensor 

 

6. Temperature and Humidity Sensor 

This sensor is used to measure Relative humidity and temperature [28] shown in 
figure 7. The advantages of this sensor are small size, ultra low power consumption. 
This sensor detects in the range 5% RH - 99% RH, and its accuracy is up to 2% RH 
and 0.5°C.  



Design and Development of Portable Automatic Weather System 389 

 
Figure 7 shows the Temparature and Humidity Sensor 

 

7. SD Card Shield 

In order to store the data i.e., pollutant gases concentration and atmospheric 
parameters by the microcontroller the SD card V3.0 shield shown in figure 8 is used. 
It supports memory cards of all types like SD, SDHC and MicroSD. This shield has 
capacity to stack up additional shields which are Grove compatible sockets for the I2C 
and UART ports on board. 

 
Figure 8 shows the SD card shield interface to Arduino 

 

8. Base Shield 

The base shield as shown in Figure 9 is connected to Arduino. All the sensors, display 
input and outports are interfaced to Arduino through this base shield using I2C bus. 
This shield provides necessary slots. 

 
Figure 9 shows the Base Shield interface to Arduino 
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TESTING AND IMPLEMENTATION 

The accuracy of the system was tested by comparing the measurements with the more 
advanced equipment like AWS (Static Automatic Weather Station) shown in the 
figure 10 at Yogi Vemana University (YVU), Kadapa, Andhra Pradesh, India which 
measures temperature, humidity, pressure, wind chill, dew point, rain fall, wind 
direction and wind speed. The system was placed for 24 hours beside the existing 
AWS at Yogi Vemana University (YVU), Kadapa, Andhra Pradesh and readings from 
both the system were compared shown in the he figures 12,13 and 14. 

 

 
 

Figure 10 shows the Automatic Weather Station(AWS) at Yogivemana Unviersity, 
Kadapa 

 
Figure 12 shows the comparison of Temperature readings taken from YVU AWS and 

newly designed system (PORT AWS). 
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Figure 13 shows the comparison of Relative Humidity readings taken from YVU 

AWS and newly designed system (PORT AWS). 

 

 
Figure 14 shows the comparison of Pressure readings taken from YVU AWS and 

newly designed system (PORT AWS). 

 

The X-Y scatter gram of the pressure, temperature and relative humidity parameters 
measured from both the instruments (PORTAWS and YVU AWS) are shown in the 
figures 15,16,17. It shows that the scatter plot for all the parameters is almost linear 
and regression coefficient is almost 0.9.The above observations indicate that the 
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results from both the instruments are similar within the limits of 2 to 5 % variation. 
This variation is neglible when the cost of the both system is considered. The existing 
AWS costs $7200 and where as portable AWS cost only $600. 

 
 

Figure 15 shows the scatter gram of Temperature taken from YVU AWS and newly 
designed system PORT AWS. 

 

 
 

Figure 16 shows the scatter gram of Temperature taken from YVU AWS and newly 
designed system PORT AWS. 
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Figure 17 shows the scatter gram of Temperature taken from YVU AWS and newly 
designed system PORT AWS. 

 

The module for the gas sensor used in this system has inbuilt MiCS-614(MEMS 
Sensor), ATMega168 MCU which is flashed with a factory firmware, heating circuit, 
sampling circuit and ETA 3410DC-to-DC step-down switching regulator [29]. The 
resistance of the MEMS core is used as the reference for the calibration. The 
calibration is performed by the sensor itself when it is exposed to fresh air.  
doCalibrate() function which is included in the software and for most of the time there 
is no need to recalibrate the sensor. 

 

 IMPLEMENTATION 

The automatic weather monitoring system is fixed in a              10 × 35 × 50 cm3 box. 
The Figure 18 shows the view of the whole system. Arudino MEGA ADK board with 
microcontroller and sensors for detecting pollutant gases, temperature, pressure, 
humidity, GPS receiver interfaced to it with I2C wires and OLED display.  
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Figure 18 shows the  Portabe Automatic weather system 

 

The aerial view of the system is show in the figure19.The power supply to the system 
can be through the USB connection or with an external power supply from car battery 
or power bank. The output voltages of the sensors represent the level of pollutant gas 
concentration in ppm and of the others in SI units. The GPS receiver connected to the 
Adruino gives the time and location of the system. The figure 20 shows the data 
format in which data is stored in the memory card in *.csv format. 

 

 
Figure 19 shows the  Portabe Automatic weather system 
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Figure 20 shows the data format in which information is stored  in SD card. 

 

RESULTS 

The system was mounted on the top of the car as shown in the figure 21 to avoid it 
from contamination of the exhaust of the car. When the vehicle is moving, the sensor 
gathers the information and is accompanied by location coordinates along with time 
and date through GPS module. 

 
Figure 21 shows the system mounted on the top of the car 

 

The pollutant data and atmospheric parameters data were collected for 14 hours by 
moving the car at different locations like five road junction, bus station and out skirts 
area in Kurnool town, Andhra Pradesh, India. Figure 22 shows different levels of 
pollutants within the Kurnool town on a particular day and their conformance to local 
air quality standards.   
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Figure 22  shows NO2 and SO concentration (29%–48% RH, 25 C–29C). 

 

CONCLUSION 

A low cost, low maintenance and portable weather monitoring system has been 
designed, developed, tested and implemented by which measurements can be made at 
any remote location. The approach discussed in the paper is novel and has achieved 
the target to monitor the remote area weather and useful to many weather monitoring 
and recording agencies. Hence it can be concluded that the required goals and 
objectives of the system have been achieved. 

 

FUTURE SCOPE 

 Additional sensors like Noise, VOC, PM 10 can be interfaced.   

 The result can be uploaded to the pollution server and an android app can be 
created to access the reading by any user using smart phones.  

 A further thought can be put forth in combining this device with a RC 
helicopter which can record the readings in different levels of the atmosphere.  

 The system can be made self sustained by using solar power supply. 
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