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Abstract- Monitoring of air pollution using traditional methods is very expensive and time consuming work. The major 
pollutants in ambient air are carbon monoxide, nitrogen oxides, hydrocarbons and particulate matter. Sensor technology has 
emerged as a cost effective, easy and fast method for monitoring ambient air quality. In this paper, a review of the studies 
conducted using sensor technologies are presented and a sensor based monitoring system for real time monitoring of ambient 
air quality and management is proposed. 
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I. INTRODUCTION 
 
Air pollution is a major problem in urban centers as 
well as rural set-up. The major pollutants of concern 
are primarily carbon monoxide, nitrogen oxides, 
hydrocarbons and particulate matter (PM10, PM2.5). 
Ozone, PAN and PBN are other secondary pollutants 
generated as a result of the photochemical reactions 
of the primary pollutants. These pollutants affect 
human health as well as environment. Therefore, air 
pollution monitoring is necessary to keep a check on 
the concentration of these pollutants in ambient air. 
Conventionally, air pollution monitoring is done by 
using High Volume Sampler, portable multigas 
monitors and gas chromatography. But all these 
practices involve use of stationary and expensive 
monitors. Further, high cost, large size and 
maintenance cost made them unfavorable for 
monitoring applications on large scale. In this light; a 
complimentary solution can be the use of sensor 
technology for air pollution monitoring.  
Sensor technology has applications in various fields 
such as environmental monitoring, indoor climate 
control, surveillance, medical diagnostics, disaster 
management, emergency response, and gathering 
sensing information in inhospitable locations. Sensor 
technology has allowed the creation of low-cost air 
pollutant monitoring systems, with reduced 
installation costs, quick and easy configuration, and 
suitable for mass deployment and implementation in 
real environment in contrast with the conventional air 
quality monitoring (Chandrasekaran et al., 2013). 
Several studies suggested different kind of sensors for 
air pollution monitoring like solid state sensors, 
semiconductor sensors and laser sensors. 
Semiconductor Gas Sensors  
In these sensors, the gas to be detected is adsorbed on 
the surface, or reacts with the adsorbed or surface 
oxygen, of a semiconducting oxide. This induces a 
change in the surface space charge layer of the oxide 
particles, which is then transduced into a change in 
electrical resistance of the polycrystalline elements. 

By interfacing these types of sensors with a 
microcontroller and other required electronic 
components the concentration of gas adsorbed is 
calculated. 
Laser Scattering Sensors 
These sensors work on the principle of laser 
scattering. When the laser beam passes through the 
detecting position, particle produce weak light 
scattering; light scattering wave and particle in a 
particular direction is related to the diameter of the 
particle number concentration. Through different 
waveform classification size statistics and conversion 
formula, we can get different size particles in real-
time. 
Solid State Sensors 
These sensors consist of one or more metal oxides 
from the transition metals, such as tin oxide, 
aluminum oxide etc. These metal oxides in the 
presence of gas, causes the gas to dissociate into 
charged ions or complexes which results in the 
transfer of electrons. The built- in heater, which heats 
the metal oxide material to an operational 
temperature range that is optimal for the gas to be 
detected, is regulated and controlled by a specific 
circuit. 
Capacitor type Gas Sensor 
Electric capacitance of a condenser depends on the 
dielectric constant of the materials between the 
electrodes. If the dielectric constant changes 
sufficiently on exposure to a gas, the condenser can 
be a sensor for the gas. These types of sensors have 
already been developed as humidity sensors in which 
the condensation of water vapor gives rise to a 
change in dielectric constant (Yamazoe et al., 1995). 
In this paper, sensor based system used for real time 
monitoring ambient air quality is discussed. 
 
II. RELATED WORK  
 
Sensor technology is an alternative approach that 
does not involve the collection and analysis of 
samples. Different types of sensors are available for 
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different purposes. Photoelectric aerosol sensors 
(PAS) can be used for monitoring polycyclic 
aromatic hydrocarbons in real-time in the emissions 
plumes, especially, from the motor vehicles. While 
photoelectric aerosol sensors offer advantages like 
lower costs, ease of data collection, real-time data 
over source-attribution methods that rely on the 
sampling and chemical analysis of airborne matter, 
but in case of high traffic volumes at monitoring site 
it is difficult to unequivocally attribute PAS signals to 
individual vehicles (Dunbar et al., 2009). Car cabin 
air quality monitoring can effectively be analyzed 
using metal oxide semiconducting (MOS) gas 
sensors. The laboratory tests showed that the MoO3 
based sensors possessed comparable gas sensing 
properties. The MoO3 (75%)-TiO2 (25%) sensor has a 
response 74%  higher relative to the best commercial 
sensor tested (Galatsis et al., 2002). Wireless sensor 
networks that make use of micro sensors can perform 
intelligent environmental monitoring. Generally, 
micro sensors employed in WSNs (Wireless sensor 
networks) show a low performance with regards to 
accuracy compared to the expensive sensors used for 
precise measurements (Choi et al., 2009). Among the 
different types of gas sensors available, 
electrochemical sensors and solid state gas sensors 
are good candidates because they are low cost, small 
in size and recent advance in technology has made 
them more selective towards the target gases. Another 
advantage of solid state sensors is long life 
expectancy (>10 years), meaning that the monitoring 
units can be deployed in the field without the need for 
frequent replacement. The advantage of 
electrochemical sensors over solid state sensors is 
low power consumption (without the need for a 
heating element), which is important for a wireless 
sensor network application (Shum et al., 2011).Some 
studies suggested laser sensor for particle matter 
monitoring. M-DUST, a novel low-cost and real-time 
smart monitoring sensor for Particulate Matter (PM) 
emission measurement is based on the Tyndall 
scattering process to count particle concentration 
about solid aerosol (Soldo et al., 2012). There can be 
a pilot wireless sensor network for monitoring 
spatial-temporal changes of carbon monoxide (CO) in 
urban settings. The system consist of two major 
components- the first component is the deployment of 
wireless sensors and the other component is map-
based monitoring platform for sensor data 
visualization and manipulation in time and space. 
(Wen et al., 2013). From the studies of wireless 
sensor network it is concluded that the performance 
and the reliability of wireless ambient air monitoring 
networks can be used as an alternative method for 
real time air monitoring (Chaiwatpongsakorn et al., 
2014). 
Sensor networks are becoming increasingly important 
for environment monitoring because they can reduce 
cost and complexity. Also, they can improve 
reliability and data availability in places where 

traditional monitoring methods are difficult to site. 
(Chaiwatpongsakorn et al., 2014). MQ 2 gas sensor 
can be used to monitor smoke and carbon monoxide 
concentrations from diesel vehicle and cigarette 
(Nograles et al., 2014). Indoor air quality can be 
monitored using wireless sensor network system 
developed using Arduino, XBee modules, and micro 
gas sensors and  performance and usefulness of the 
system is demonstrated by comparing measurement 
results of the system and a professional-grade air 
quality measurement device (Abraham et al., 2014).  
Real time monitoring of air pollutants can be done 
using solid state gas sensors with ARM module that 
connects the measured Air Pollution levels to GIS 
and Internet (GSM based system) so that the pollution 
levels shall be known in no time with one click on 
Net from any place (Partheeban et al., 2012). Some 
studies presented a system for real time detection of 
pollutants from vehicles especially carbon monoxide 
(CO) gas using MQ 7 gas sensor. The system consists 
of MQ 7 sensor, Atmel’s 8535 microcontroller, 
Alphanumeric LCD display and GSM system (Pande 
et al., 2015).   
 
III. PROPOSED AIR QUALITY MONITORING 
SYSTEM DESIGN 
 
The proposed sensor based system is a low cost air 
pollution monitoring system consisting of 
semiconductor gas sensors and laser sensor, 
microcontroller and LCD display. It is a compact 
system which can be assembled and installed. This 
system can be integrated with Internet of things (IoT) 
for online air pollution monitoring, which is the need 
of the hour. By integrating with IoT, sensor based 
system can also be used for disseminating the 
information to the public by sending SMS on their 
mobile, if the pollutant level in a locality exceeds the 
prescribed Air Quality Index (AQI). 
In this system, the selected sensors are interfaced 
with microcontroller and LCD display which are 
further connected wirelessly with Laptop. The data 
logging is done on laptop. Figures 1 and 2 depict the 
circuit diagram and block diagram of the proposed 
integrated system. 

 
Fig.1.  Circuit diagram of proposed system 
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Fig.2. Block diagram of proposed system 

 
3.1 Carbon monoxide (CO) sensor 
CO is colorless, odorless and stable gas. It is 
produced due to incomplete combustion of fuel in 
motor vehicles. Monitoring of CO is very important 
as it has very high affinity to react with hemoglobin 
to form carboxyhemoglobin. The sensor proposed in 
the study is MQ9 semiconductor gas sensor. The 
Sensitivity material used in this sensor is SnO2. The 
sensor operates within the temperatures range of -10 
to 50°C and consumes less than 150 mA at 5V. 
3.2 Carbon dioxide and NOx sensor 
The MQ135 Carbon dioxide and NOx sensor used in 
the proposed system detects the concentrations of gas 
in the air and readings are obtained as an analog 
voltage. The Sensitive material used in MQ135 
sensor is SnO2. The sensor operates within the 
temperatures range -20 to 50°C and consumes less 
than 150 mA at 5 V. The sensitivity characteristic of 
the MQ135 sensor depends on the ratio (Rs/Ro), the 
Sensor Resistance (Rs) and the original or initial 
Sensor Resistance (Ro). 
3.3 Particulate matter sensor 
The sensor used for particulate matter is PM2.5 laser 
sensor-SDS011. SDS011 uses the principle of laser 
scattering in the air and can obtain from 0.3 to 10 
microns suspended particulate matter concentration. 
The data is stable and reliable. 
3.4 Arduino Uno R3 microcontroller 
It is the most flexible hardware platform based on 
ATmega328P which can be programmed according to 
the function where it is to be used. It has 6 analog 
inputs, 14 digital input/output pins, a USB connection 
and serial interface. 
3.5 16 x 2 alphanumeric LCD display 
LCD (Liquid Crystal Display) screen is an electronic 
display module and find a wide range of applications. 
A 16 x 2 LCD display is a basic module and is 
commonly used in various devices and circuits. 
 
CONCLUSIONS 
 

The method of air pollution monitoring using sensors 
is comparatively cost effective, easy to install and 
provides real time data of field instead of traditional 
methods where air pollution level are measured at 
fixed location or laboratory. The real time data of 
ambient air quality available through this system can 
be used for the various air quality management 
purposes. The system proposed can be improved by 
including more sensors like ozone sensor, VOC 
sensors. 
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