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Abstract - Rapid industrialization, automation, and transportation services have resulted in the pollution of the atmosphere, 
lithosphere and hydrosphere. The air and water borne diseases especially those affecting human beings are continuously 
exploding. Air pollution is one of the major sources for the health deterioration of the human population. To monitor such a 
kind of environment, low cost innovative technology is required to monitor and control the weather quality. This paper 
focuses on development of a portable, low power user friendly weather monitoring station. The design includes sensors, 
embedded platform and the flexibility to integrate with mobile based web applications. The parameters that are monitored in 
the station are carbon mono oxide, combustible gases, methane, propane, temperature humidity, atmospheric pressure and 
altitude.  
 
Index terms - Embedded systems, Sensors and Weather Station 
 
I. INTRODUCTION 
 
The motive of monitoring and administering the 
entire village has emerged to help the needy and 
bring home the advanced technology available at 
hand. A village administrative system consists of 
many key elements such as weather monitoring 
station, portable health kiosks, centralized 
administrative systems etc. [1]. As a part of this entire 
project, a prototype of weather monitoring station has 
been developed and deployed at our center to monitor 
the weather conditions.As prevention is better than 
cure, one has to keep monitoring the environment to 
avoid from any contamination or air borne diseases. 
Such monitoring systems and air purifying systems 
are available in the market at the higher prices. The 
ambition of providing these systems at a reasonable 
prices led to the development. 
 
The developed system consists of various sensors 
such as Temperature, Relative Humidity, 
Atmospheric pressure, Carbon mono-oxide, LPG, and 
Methane. These are interfaced with Arduino-Nano 
based microcontroller board.  
The details of the various sensors and their interfaces 
will be discussed in the subsequent sections 
 
II. WEATHER MONITORING STATION 
 
To monitor the weather parameters such as 
Temperature, Relative Humidity and Atmospheric 
pressure. To accomplish this task, BME/BMP 280 
sensor [2] is used.This sensor detects the required 
basic parameters and also altitude. Figure 1 is the 
image of the sensor. The only difference between 
BME and BMP sensor is BMP gives the altitude 
parameter along with Temperature, Relative 
Humidity, Atmospheric Pressure whereas BME does 
not give altitude parameter. BME/BMP 280 sensor 
consists of piezo-resistive pressure sensing element 
and a mixed-signal ASIC which takes care of A/D 
conversions. 

 
Figure: 1 BME/BMP 280 Sensor 

 
The next sensor that has been utilized is MQ-9 [3] 
which senses the combustible gases like LPG, Carbon 
mono-oxide, and methane. Figure 2 is the image of 
MQ-9 sensor. Almost all MQ series sensor look alike. 
MQ series sensors are pretty cheap compared to other 
series sensors. MQ9 has Tin oxide (SnO2) which is 
sensitive to Carbon monoxide at lower temperature 
when heated at lower voltages like 1.5V.It is also 
sensitive to other combustible gases like methane, 
propane and LPG at higher temperaturewhen it is 
heated with higher voltages like 5V.For display 
purpose, standard 16x2 LCD has been chosen for this 
station. As this is a prototype containing only two 
sensors, embedded based Arduino- Nano board has 
been considered for this project. 
 

 
Figure: 2 MQ-9 Sensor 
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2.1. SENSOR INTERFACE 
BME/BMP 280 works on I2C/SPI protocol and here 
I2C has been selected, hence SDA pin of sensor has 
been connected to A4 of Arduino-Nano, and SCL pin 
of sensor has been connected to A5 pin of Arduino-
Nano. Figure-3 gives the idea of the BME/BMP 280 
sensor connections to the micro-controller Arduino-
Nano. 

 
Figure: 3 BME/BMP 280 Sensor interface with Arduino Nano 

 
MQ9 sensor used in the project gives both digital and 
analog output and works on 5 V input. The digital 
output is used only when connected to LED or buzzer 
for indication purposes.Based on the number of 
particular gas molecules present in the ambience 
beyond permissible amount, the digital output turns to 
high. Hence for the reading purposes we use analog 
input only which is connected to A0 pin of the 
Arduino-Nano. Figure-4 gives the MQ9 sensor 
connections to Arduino-Nano along with BME/BMP 
280 sensor. 

 
Figure: 4 MQ9 and BME/BMP 280 Sensor interface with 

Arduino Nano 
 
The parameters such as temperature, humidity, 
atmospheric pressure, altitude, carbon mono-oxide, 
LPG, and methane gas densities can be displayed 
onto LCD (Liquid Crystal Display). Figure-5 gives 
the LCD interface along with MQ9 and BME/BMP 
280 sensor to Arduino-Nano. 
 

 
Figure: 5 Weather Station with LCD, Arduino- Nano, MQ9 

and BME/BMP 280 
I. III. CALIBRATION 

 
All the MQ series sensors needs proper calibration for 
accurate results. The serial connection between 
protection and adjustable resistors present on board 
with the MQ series sensors form a voltage divider. 
Sensor resistance can be calculated for a given load 
resistor, input and output voltages by using following 
equation. [4] 

 

푅 = − 1 ∗ 푅   (1) 

Equation: 1Sensor resistance calculation 
 
Initial sensor value R0 canbe derived by keeping the 
sensor in clean air and averaging the samples for a 
small amount of time. To get the concentration of the 
target gas, the ratio (Rs/R0) should be calculated 
Once the R0 is derived, the concentration of target gas 
could be calculated by using the RS/R0 ratio as the 
input. The datasheet provides a nonlinear correlation 
between the concentrations of various gases with the 
ratio (Rs/Ro). However for simplicity a linear relation 
is considered for this experiment. [5] 
Steps to calibrate the sensor: 
 
1) Place the sensor in open air and read the analog 

output of sensor and average it over some 100 
samples 

2) As micro-controller has 10 bit ADC and the 
sensor is working at 5v, the sensor value can be 
converted to voltage value by the following 
equation 

 
푉 = 5 ∗ ( _

(  ) )  (2) 
Equation: 2Sensor voltage calculation 

 
3) To get sensor resistance equation 1 has to be 

used, where Vc is 5v and for easy calculations 
one can omit load resistance value 

4) From the graph provided in datasheet, one can 
observe the ratio (Rs/R0) in air is around 9.7, 
hence to get R0,we can use the ratio of Rs 
obtained at step 3 to 9.7. 

 
푅 =  

.
  (3) 

Equation: 3 R0 calculation 
 

5) Once R0 is obtained, this value can be used to get 
the required sensor resistance in particular gas. 
The analog value is read from sensor, converted 
to voltage and subsequently resistance and then 
ratio Rs/R0 is calculated by replacing R0 with the 
value obtained at step 4 

6) As step 5 gives Rs/R0 ratio which is not the exact 
PPM value of a particular gas, we use an 
approximate linear equations obtained from the 
datasheet to get approximate PPM values of a 
particular gas concentration. MQ9 is sensitive to 
Co, CH4, and LPG as mentioned in datasheet, 
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hence to get gas concentrations, the obtained 
ration Rs/R0 has to be plugged into following 
equations to get respective gas concentrations. 

 
 
IV. RESULTS AND REAL TIME SETUP 
 
Working prototype of weather monitoring station is 
shown in figure 6. 

 
Figure: 6Working prototype of weather monitoring station 

displaying temperature at our center 
 
RESULTS 
 

 

The detailed analysis of results have been 
communicated to Journal. 
 
CONCLUSION 
 
A working prototype of portable weather monitoring 
station has been developed and deployed at our center 
successfully. A precise calibration is indeed needed to 
get accurate results. Approximate calibration has 
been done in this setup. 
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