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Abstract 

According to official estimates, agglomeration of population is concentrated in 

urban regions globally. As technology rapidly evolves and progresses, so has 

the quality of life and well-being among the masses. However, the benefits of 

technology are more apparent in urban regions. This, therefore, has led to a 

seemingly interminable influx of people towards cities from rural or even 

semi-urban areas. Research studies conclude that by the end of this decade, the 

rate of growth of cities in developed and in developing countries will be more 

than ever. By the median part of this century, the world is expected to be home 

to 9.7 billion people; of which approximately, two-thirds will be in urban 

regions alone. Politicians and law-makers across the globe are cognizant of 

these figures. As a consequence, many governments are in various stages of 

implementation of smart city projects to accommodate teeming masses of 

people in a safe, healthy, and progressive environment. In the quest to achieve 

modernity, humanity has made use of various technological marvels. Progress, 

however, is not without its disadvantages. The rise of air pollution beyond safe 

and human-habitable limits has already been recorded in many countries 

across Asia. Without an effective system to combat the rise of air pollution 

and its effects, urban city planners face the daunting prospect of waging a 

losing battle against premature mortality. It is estimated that in the year 2050, 

in Kolkata alone, thousands will die annually as a result of inhaling polluted 
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air. As one of the mega cities in Asia, Kolkata is fast rising to the top of the 

rankings among most polluted in terms of breathable air in its atmosphere. In 

its studies, the West Bengal Pollution Control Board (WBCB) has found that 

almost 55% of the airborne contaminants and pollutants in the city are as a 

consequence of the ever-increasing number of vehicles that ply daily on the 

streets and thoroughfares of Kolkata. The quantum of airborne carcinogenic 

compounds emitted by growing number of vehicles has become as high as to 

merit serious considerations as to how to arrest this rate of air pollution in the 

city. In this manuscript, we look at major steps that can be taken to prevent 

pollution of air and, thus, make an urban environment, for example the city of 

Kolkata, a healthier place. We design a system that consists of an embedded 

outdoor air-pollutant monitoring unit to be installed on roofs of public 

transports. These embedded devices will be able to measure in real-time the 

extent of carcinogenic pollutants in the air at various traffic intersections. Data 

streamed from the Wireless Access Points (WAP) are gathered and stored in 

remote web server at regular intervals. Analysis of the data so gathered is 

produced to present a report on the more air-polluted routes across the city. 

Using a web-enabled software application, it will be possible to be notified in 

real time, on the ambient air quality. The application will also use Google 

Maps to display route and the current state of air-pollution at various areas 

within the city. 

Keywords: Air Quality Index (AQI), Cloud Computing, Internet of Things 

(IoT), Particulate Matter, Smart Cities, Urban Air Pollution, Wireless Access 

Point (WAP), ZigBee Technology 

 

1. INTRODUCTION 

A vast bulk of the world’s population is agglomerated in urban regions. By 2050, this 

is expected to outstrip the rural population and reach a mark estimated to be as high as 

60%. It is opined that 90% of this increase will be in evidence in the continents of 

Africa and Asia [1]. The world’s second largest populated country is India. The 

country, soon after gaining its independence, began to take slow but steady strides 

towards urbanization. It is estimated that at the current rate of growth, the country will 

soon be the most populous by 2022 [2]. The rate of growth of the urban populace in 

three of the metro cities of India, viz., Mumbai, Delhi, and Kolkata, are expected to be 

in the list of five most populated cities of the world by 2050 [3].  

However, owing to the high and unabated rates of urbanization coupled with 

industrialization, the quality of air in India ranks as one of the most polluted to be 

found anywhere in the world. A major source of this rapidly deteriorating air 

condition is vehicular emissions that have long been identified to be critical and the 
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most challenging for authorities to apply brakes on. Around the world, city planners 

have racked their brains on how to modernize outdated and slow traffic management 

methods and policies. Lack of adequate road networks, below par road conditions, 

and high average age of vehicles make an immensely difficult prospect to plan, 

accordingly. Fueled by the increasingly high growth rate of vehicular traffic, city 

planners face an interminable task of maintaining an efficient road management 

system.  

Figure 1 shows the growth numbers of assorted motor vehicles that have been 

registered in India during 1951 – 2013.  

 

Figure 1. Total numbers of registered motor vehicles in India  

during 1951 – 2013. 

 

The rise in demand for vehicles for commercial or personal transport, has witnessed a 

spike in the last 10 years in India. So much so that it is estimated that vehicular traffic 

has jumped up by around 73% compared to 2000. It is, therefore, no longer a matter 

of speculation that vehicles are single-largest source of contribution to air pollution in 

urban regions and metropolises. It has also been opined that the considerably high 

quantum of emissions may leave a significant impact on the immediate environment 

and surroundings leading to extreme temperature fluctuations and imbalance in 

humidity. These factors, in turn, can affect rainfall patterns and cause environment 

concerns in future. What is even more alarming is the profusion of gaseous and 

noxious pollutants such as carbon monoxide (CO), nitrogen oxide (NOX), sulfur 

dioxide (SO2) and other particular matters from various types of vehicles [4]. These 

have a negative impact on the atmosphere as well, and contribute in decline of the 

ozone layer. 

The inordinately high concentration levels of such pollutants largely contribute to 

various forms of diseases. It is not uncommon for health practitioners to treat 

instances of respiratory, cardiovascular, skin and other forms of diseases in urban 

regions. Frequent complaints of patients suffering from asthma are common as well. 
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More alarmingly, in addition to these diseases, reports of patients suffering from lung 

cancer are also on the rise [5]. It is estimated that a sizable percentage of deaths are as 

a result of heart diseases and strokes. In all such cases, which have been found to be 

as high as 40%, deaths are attributed to inhalation of air pollutants in outdoors. This is 

explained in Figure 2 which shows the percentage of deaths owing to five major 

causes. The statistics reflect the pattern of deaths caused as a result of contaminated 

air found indoors and outdoors.  

Research has shown that vehicles that are more than 10 years old are more than likely 

to cause more air pollution than newer models [6]. The high levels of emission from 

such old vehicles have been shown in Figure 3. This graph also details the different 

contaminants that are emitted as a result of such old vehicles running on dated 

technology. It can be argued that poor maintenance is also a contributing factor in 

causing high emission rates. As would be evident from the figure, the rate of emission 

of particulate matter from four-wheelers hovers around 60%. This is also a major 

contributing factor in causing carcinogenic diseases among urban residents. 

 

Figure 2. Percentage of deaths due to indoor and outdoor air pollutions. 

 

 

Figure 3. Percentage of emissions of air pollutants by more than 10 years old 

vehicle. 
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Research has revealed that the world will lose over 3 million people every year owing 

to air pollution. Unless checks are enforced, the rate is feared to rise and be almost 

double the existing mortality figures. Max Planck Institute has estimated that India 

will rank at the top of the list of countries with extremely high rates of premature 

deaths. Researchers from the institute warn that the country is already on its way to 

achieving that grisly mark within the next coming few decades [7]. Further, their 

reports indicate that around 55000 people will die, between 2025 to 2050, owing to air 

pollution in the city of Kolkata alone [8]. Quality of urban life will be severely 

affected during this period, research indicates.  

Figure 4 depicts the estimated number of deaths that are statistically likely to occur 

during 2010 – 2050 as compared to two Indian other metropolises of New Delhi and 

Mumbai. 

 

 

Figure 4. Number of premature deaths due to air pollution in India during 

the year 2010 – 2050. 

 

Given the current state of quality of air in Kolkata, the prognosis is extremely 

undesirable in the long run. Other metropolises in India, and Dhaka, the neighboring 

capital city of Bangladesh, have problems that are similar to, if not worse, than 

Kolkata. In the course of this research, we have planned a methodology to measure 

and catalog the different types of pollutants in the air at different traffic intersection 

points. Using wireless access points at bus stops and at traffic intersections, data on 

air pollution is streamed back live to be fed into a remote web infrastructure. The data 

can then be analyzed by concerned government departments to formulate strategies 

necessary to reduce traffic congestion wherever the rate of air pollution is detected to 

be on the rise. Simultaneously, urban citizens shall also benefit from on-time Air 

Quality Index (AQI) reports that are vital to the efforts to improve the life expectancy 

progressively in future generations. 
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2. TYPES OF VEHICULAR EMISSIONS 

Motor vehicles burn fossil fuels to power their engines which, in turn, drive the 

wheels. All motor vehicles, save and except the ones that are powered solely by 

electric motors and batteries, have internal combustion engines. The process of 

combustion that burns fossil fuels results in vehicular emissions. Emissions can be 

further divided into two broad types. Exhaust emissions are caused in situations where 

a vehicle has to have a cold start. Such emissions are also caused when a vehicle is 

being driven, or immediately following stopping of the engine [6]. Since, diesel fuel 

emit less quantities of carbon monoxide and hydrocarbons, and cause less lead 

pollution that petrol engines, vehicles with diesel engines are considered to be less 

harmful in regions where cold starts are more of a norm than exception. On the other 

hand, diesel engines are known to emit more poisonous gases and particulate matter 

than their petrol counterparts.  

Using a radar graph, we present Figure 5 that shows the emissions of both petrol and 

diesel engines used in road vehicles. The graph shows the quantum of emissions in 

kilometers. It is clearly apparent that proliferation of petrol and diesel engines are 

causing an adverse effect on the quality of air in our urban regions and cities. A report 

published by State of Global Air estimates that around 4.2 million deaths are 

attributable to air pollution [9]. The report also sheds light on the numbers of early 

deaths that constitute well over 50% of the 4.2 million people who have succumbed 

for reasons related to air pollution in China and India. The National Cancer Control 

Program (NCCP) reports that around 1.4 million people will suffer from cancer in 

2026. The major cause of this, the report says, will be as a result of high levels of air-

borne carcinogenic pollutants [10]. 

 

Figure 5. Air pollutants emission from petrol and diesel based engine (per 

vehicle kilometre). 
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2.1. Clod Start Emissions 

Over the last decades, motor vehicle manufacturers have installed various systems to 

control emissions. However, installed equipment that are designed to control 

emissions are not effective at the time when a vehicle engine is started through to the 

first few minutes of running of the engine. It is during this particular period that 

engines emit the highest amount of pollutants that contaminate the surrounding air. 

 

2.2. Exhaust Emissions During or After the Driving Time 

The most common period during which exhaust emissions occur is during driving of 

vehicle or at the time when a vehicle is being parked. The rate of emissions from the 

tailpipe of a vehicle is considerable.  

As another major area of concern, evaporative emission process ranks high on the list 

of causes that contribute to air pollution. Through fuel evaporation volatile organic 

compounds (VOC) is leeched into surrounding air. The four different ways by which 

evaporation emissions take place are running losses, hot soak, diurnal emissions, and 

refueling [11]. 

 

2.2.1. Running Losses 

Running losses occur when an engine of a vehicle has acquired a temperature at 

which point gasoline can evaporate. This liquid is a volatile flammable substance 

which is present in fuel as a solvent. This is necessary for the internal combustion 

process that eventually enables vehicles to be driven. 

 

2.2.2. Hot Soak 

Hot soak process takes place when an engine is cooling down. During this period, 

gasoline evaporates from engine and mixes into surrounding air. 

 

2.2.3. Diurnal Emissions 

High temperatures during hot parts of day can cause gasoline to evaporate from 

engine. 

 

2.2.4. Refueling 

During refueling stops, gasoline also escapes from engine. 

Gasoline itself is composed of toxic compounds; one of the major compounds of 
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gasoline is benzene. Benzene is a known toxic substance. Inhaling even small dozes 

of benzene over a long period of time can have adverse effect on human body. As a 

carcinogenic substance, it is known to cause ill-effects on heart, bring about 

unconsciousness or even death. 

Researchers concluded in their research that Kolkata had thrice the amount of toxic 

vehicular emissions when compared to average global figure. Their report, which 

measured pollution emitted as inhalation per gram, pointed out that Kolkata has the 

maximum amount of air pollution as a result of vehicular emissions [8]. Figure 6 

shows the figures of air pollution found in the major metropolises of India. 

 

Figure 6. Exposure to vehicular pollution (The Telegraph Calcutta, India. 

27th September, 2013). 

 

3. PUBLIC HEALTH EFFECTS 

3.1. Premature Mortality 

The World Health Organization (WHO) estimates that around seven million people 

succumb to premature deaths worldwide. Almost all of these deaths are linked to high 

instances of air pollution [12]. Among all countries, India ranks as the highest in 

terms of number of premature deaths suffered. In Europe, premature deaths have been 

linked to nitrogen dioxide or other nitrogen oxides (NOx) that spread in the air from 

vehicular emissions. It has also been found that presence of high particulate matter in 

the air is as a result of profusion of diesel engines. Particulate matter is known to 

cause acute forms of vascular diseases and instances of clot formation in the blood 

[6]. The US EPA estimates that tier 2 and tier 3 diesel engines will be a major 

contributing factor for causing 12000 premature deaths by 2030. Although, the 

agency also goes on to add that use of Tier 4 engines may help in reducing the 
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number of deaths caused due to emissions from diesel engines [13]. The city of 

Kolkata presents a far more alarming picture as 65% of vehicular traffic run on diesel 

engines. Further, buses, mini buses and trucks that exclusively run on diesel fuel emit 

high quantities of nitrogen oxides as well as around 37% of the PM2.5 emissions in 

this city [14]. 

 

3.2. Respiratory and Cardiovascular Disease 

Owing to vehicular emissions, a number of different gaseous compounds are 

prevalent in our surrounding air. Particular matter, which is a heterogeneous mixture 

of air-borne suspended particles, enter human body in the course of inhalation [5]. It 

has been studied that particulate matter that are less than 10 micrometers are able to 

reach and spread inside human lungs through bronchioles or alveoli. This can cause 

heart attacks, bring about permanent DNA mutations, or even cause premature death. 

In addition to this, an increase of fibrinogen (factor 1) has been linked to long-term 

exposure to particulate matter. Such an increase results in build-up of viscosity in the 

blood which, in turn, is a cause of cardiovascular and respiratory diseases. A high 

build-up of air pollutants lead to detrimental effects on human body. Various forms of 

cardiovascular diseases, e.g., COPD, ischemic heart diseases, etc. have been analyzed 

and found to be as a consequence of increasing air pollution. A detailed percentage 

graph showing the various forms of cardiovascular and respiratory diseases reported 

in India is shown in Figure 7.  

 

Figure 7. Proportion of premature deaths from respiratory and 

cardiovascular diseases in India. 

 

3.3. Central Nervous System Disease 

Researchers at the University of Michigan Air Quality Laboratory observed mercury 

emissions to be as low as 0.3ng/mi for lighter gasoline engines to as high as 6.4 for 



1670  Sandip Roy, Rajesh Bose and Dr. Debabrata Sarddar 

heavy powerful diesel engines. Mercury emissions have been linked to various health 

issues such as blurring of vision, slurred speech and sleep disorders. Mercury 

emissions have been found to be one of the leading causes of neurological cancer. 

Vehicle manufacturers are increasingly turning to synthetic fiber, leather, rubber and 

plastic as raw materials to produce cars. These materials produce benzene when cars 

are left exposed to hot sun. Benzene is a harmful substance for pregnant women and 

young children. It has been found that benzene can cause severe cases of myeloid 

leukemia and harm nervous systems in humans. While long term exposures to 

benzene have been conclusively proved to be reason behind these ailments, short term 

exposures are only slightly less harmful. Exposure to high doses of benzene over a 

short term period can cause dizziness, headaches, nausea, and even bring about 

unconsciousness [15]. Trucks and bulk fuel terminals are major sources of leeching 

benzene into surrounding air. 

 

3.4. Cancer 

Diesel is a source of fuel for heavy engines used in vehicles that need to be powerful 

in order to be able to move heavy loads. However, consuming diesel fuel is not 

without its risks. Diesel fuel is the source of many harmful chemicals and gases. Some 

of these gases and chemicals are carbon monoxide, carbon dioxide, nitrogen dioxide, 

and other forms of hydrocarbons, particulate matter, formaldehyde, methylene 

chloride, benzene and perchloroethylene. The last four being highly volatile organic 

compounds known chemically. Benzene has already been identified as a carcinogenic 

substance that is harmful for human beings. In a report published by the International 

Agency for Cancer Research, benzene has been clearly labeled as a toxic substance 

that is harmful for skin, lungs, colon, bladder, and urogenital tract [16]. In their 

research, McClellan et al. deduced that the carcinogenic effect as a result of operating 

a new diesel engine car is still equal to that of twenty four petrol cars. Their research 

pointed out that the potential to cause cancer is more in case of compression ignition 

(CI) engines, i.e., diesel engines, than in the case of spark ignition (SI) engines, i.e., 

petrol engines [17].  

The presence of smog in urban areas is as a result of excessive burning of fuel. It is a 

form of air pollution that is brought about by multitude of fossil fuel burning engines. 

Smog is produced as a result of chemical reactions brought about by ultraviolet rays 

from the sun on volatile organic compounds (VOC), nitrogen oxides (NOx), and 

sulphur dioxide (SO2). Smog causes bronchitis, chronic obstructive pulmonary 

disease (COPD), and asthma. It is also known to cause irritations of eyes and nose. 

Each year, around 9500 premature deaths are as a result of smog [18]. 
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4. URBAN AIR POLLUTANTS MONITORING POLICIES 

4.1. Problem Identification 

The Environmental Protection Agency (EPA) estimates that out of 20000 air quality 

stations only 9000 are involved in the publication of World Air Quality Index [19]. 

Owing to pressure from the general public, the task of monitoring air quality area-

wise or at zonal level has grown into a challenging prospect. In order to mitigate the 

difficulties involved, we have come up with a design that is proposed to be the 

impetus behind solutions that would eventually involve monitoring ambient air 

quality, publishing live weather reports of urban regions and, especially, in and 

around heavily used road traffic intersections. We call our design the Outdoor Air 

Pollutant Monitoring Unit (OAPMU). 

 

4.2. Prototype Design of Outdoor Air Pollutants Monitoring Unit 

The monitoring module that we have devised consists of an outdoor unit. This unit 

itself is made up of three sub-modules which are as follows: sensing module, 

communication module, and a remote server. Figure 8 is a depiction of our proposed 

model, and provides an overview of the system that we have designed. 

 

 

Figure 8. System overview of OAPMU. 

 

4.2.1. System Overview 

Our proposed system relies on an array of sensors that can sense dust, carbon 

monoxide, benzene, and ground-level ozone. These sensors are first calibrated before 

being deployed for taking measurements of pollutants outdoors. In addition to these 

basic sensory tasks, the system can be tuned to be sensitive to changes in the ambient 

temperature, varying levels of humidity, and ultraviolet rays from the sun. A complete 

unit equipped with all such sensors, is proposed to be mounted and installed in public 
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transports. For instance, public buses which ply on urban city streets could be 

equipped with such sensors. Through the use of these sensors it will be possible to 

collect and transmit data on air pollution using ZigBee modules. The ZigBee modules 

will link up with ZigBee-enabled road-side units (RSUs) or with specially designated 

and prepared bus-stops that would act as coordinating modules [20]. The purpose of 

coordinating modules will be to serve as gateway nodes for eventual transmission of 

data to dedicated remote servers. Such data that is uploaded in remote web servers can 

then be accessed and processed further by government web portals, social networks, 

or through app-based subscription services targeted for urban-dwellers. 

 

4.2.2. Communication Module 

The ZigBee module has been found to be suitable for establishing and conducting 

wireless transmissions between OAPMU and RSU. In Table 1, we tabulate the 

associated features that are offered by mainstream wireless technologies [21].  

 

Table 1. ZigBee vs. some other wireless technologies. 

Specifications BLUETOOTH WI-FI ZIGBEE 

IEEE Standard 802.15.01 802.11b/g 802.15.04 

Number of connected devices 7 32 Up to 65,000 

Bit rate  720 kb/s 11/54  Mb/s 20-250 kb/s 

Range 10 m 100 m 100 m 

Battery life 1-7 days 1-5 days 100-1000 days 

 

From the table it is evident that though both Bluetooth and Wi-Fi technologies offer 

higher bit rates than ZigBee, it is the latter that has the longest battery life by far. 

Further, using ZigBee technology, the numbers of devices that can be connected is 

huge when compared to the other two technologies. These two advantages make 

ZigBee most appropriate and suitable for deployment in our proposed network for 

monitoring air pollution on urban city and highway routes [22]. 

 

4.3. Data Collection using Street Network 

India has the second largest road network that spans more than 3400233 miles. 

Statistics reveal that this large road network makes it possible for the country’s urban 



Smart and Healthy City Protecting from Carcinogenic Pollutants 1673 

cityscapes to grow larger through accretion of expanding modern road networks [23]. 

With more land being made available for burgeoning road networks, the number of 

vehicular traffic has grown correspondingly higher. However, with the rapidly rising 

numbers of vehicles, road networks have come under increasing strain.  

At peak hours, the number of vehicles rises to proportions where traffic congestion is 

more norm than exception. As a result of high numbers of slow moving traffic during 

peak hours, vehicle-emitted pollutants increase. Our aim to focus on major road links 

was driven by the need to cover as much urban areas as possible in order to collect 

data on pollutants and contaminants affecting environment. Our emphasis has been on 

zone-wise collection techniques for gathering data. Our studies and research indicated 

that a city is generally composed of connected zones. These zones are formed from 

fixed routes traveled by city’s public transports plying from one location to another.  

We install ZigBee wireless technology with a gateway node that connects to any of 

latest generation mobile networks, viz., 4G, 5G, and future mobile networking 

standards. The gateway nodes are able to transmit data to dedicated remote web server 

platform. The information can be produced and process on a corresponding web 

platform. We illustrate our proposed model of collecting data from various zones and 

transmitting them to remote server for consumption by end-users through app-based 

interfaces, in Figure 9. 

 

 

Figure 9. Urban air pollutants data dissemination strategies. 

 

4.4. Data Dissemination 

In an urban region where numerous sensors are feeding data to remote server, real-

time processing to consume such data in a form that is coherent and clearly 
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understood, can be a challenge. We have designed a web portal to facilitate real-time 

viewing of information on air pollution. In our proposed design, each sensor uses its 

own format to transmit data. Researchers rely on two visual forms of feedback to 

display information received from sensors to urban citizenry. The first visual form is 

the marker map that displays data markers at specific points on the map. When an 

urban-dwelling user clicks on any of the data markers, information on pollution levels 

is displayed automatically for the corresponding data marker. The second visual 

format is the heat map that uses color gradients to indicate pollution levels. Pollution 

levels are represented using color spectrum where higher ranked colors correspond to 

higher pollution levels. Google Fusion Tables (GFT) has been found to be the best-fit 

considering the pattern of the data sets [24]. GFT offers map-based visualization tool 

that enables display of data using Google Map APIs. In order to allow data services, a 

user needs to use OAuth 2.0 to authorize requests and define subscriber email 

addresses [25].  

Here, we have used XAMPP web server and the dynamic page have been written in 

PHP. The web interface uses Google Map API to visualize sensor nodes deployed on 

roofs of public transports along with ZigBee transmitter module. A ZigBee 

coordinator module is installed at the traffic junction points. AQI levels on maps are 

identified using AQI standard color along with possible health message. All graphs 

have been illustrated using Chart.js JavaScript library. In Figure 10 and Table 2 

describe the database design of our system along with their functional activities. 

Table 2. Table wise activities description of our system.  

Table Name Description 

tt_raw_past_data The raw data from the csv file is extracted here on a temporary 

basis to avoid any discrepancies. It is basically a staging area where 

past data is stored temporarily. 

mm_past_aqi_data Real time data is sorted in the ascending order of date and then 

transferred to tm_past_aqi. 

tm_past_aqi The data undergoes business calculation of AQI and it’s stored. 

tt_raw_aqi_data The raw data from the csv file is extracted here on a temporary 

basis to avoid any discrepancies. It is basically a staging area where 

zone wise data is stored temporarily and then ultimately truncated. 

mm_aqi_data The real data is stored in mm_aqi_data which is further transferred 

to tm_aqi_zone. 

tm_aqi_zone tm_aqi_zone has an attribute known as base_location which holds 

the latitude and longitude of the circle used for pointing the 

respective zone in the Google map. 
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mm_aqi_location mm_aqi_location entity represents the actual location of each data. 

tm_aqi The business logic and calculations are applied to the data and 

stored here along with locations from mm_aqi_location. 

sm_parameter sm_parameter entity holds the value that is last updated along with 

other entities. 

mm_aqi_breakpoint mm_aqi_breakpoint holds the id of the pollutants. 

tm_aqi_bp_join It represents the pollutants categorically. 

mm_breakpoint_id The breakpoint data for the particular pollutants is collected from 

here for the business calculation purpose. 

 

 

Figure 10. Server side database design of our system. 

 

4.5. Detailed Circuit Design 

We have used a smart IoT device developed around Arduino ATMega328 micro-

controller [26]. The existence of a large set of I/O pins of this micro-controller allows 

support to be extended for various sensors that can detect a wide variety of air-borne 
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pollutants. The device is powered using bus battery. A GY-GPS6MV2 GPS receiver 

is used to obtain position and velocity readings [27]. The data produced can be 

consumed without difficulty by the Arduino platform. To transmit data over HTTP, 

we use ZigBee RF module [28].  

Our studies reveal that MQ7, MQ131 and MQ135 sensors are best suited to operate 

on Arduino platform for detecting gaseous pollutants [29 – 31]. To measure levels of 

outdoor dust concentrations, wave use a dust sensor [32]. A UVM30A sensor has 

been used to detect ultraviolet rays in accordance with the design [33]. All sensors are 

carefully calibrated to measure concentrations of outdoor air-borne pollutants.  

Figures 11(a) and 11(b) show detailed circuit design and top view of the OAPMU, 

respectively. 

 

 

a) 
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b) 

Figure 11. a) Detailed circuit diagram of OAPMU b) Top view of OAPMU. 

 

4.6. Hardware Programming and Web Interfacing 

The OAPMU has been programmed using Arduino programming language. The code 

was written entirely on Arduino integrated development environment (IDE). The 

system senses using analog pin. The sensory data is transmitted through the Tx pin 

that is connected to the Rx pin of ZigBee transmitter module. The module offers a 

range of 40 meters in an indoor environment, and up to a maximum of 120 meters 

when placed outdoors [28]. The ZigBee coordinator module always initiates a scan to 

detect the presence of transmitter node with identical PAN ID within the network 

[28]. When a transmitter node is detected, the ZigBee coordinator module connects to 

the node to transmit data. A script developed using Python programming language, is 

made to run in the background to process at the ZigBee coordinator point, which act 

to data received and store to CSV format along with specific Zone ID. Then, raw data 

from the csv file is extracted on a temporary basis to avoid any discrepancies and 

store in MySQL database. It is basically a staging area where zone wise data is stored 

temporarily and then ultimately truncated. The detailed database design along with 

their functionalities has been discussed in Figure 10 and Table 2. A screenshot of our 

web interfere is shown in Figure 12. 
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Figure 12. Web interface visualization of AQI levels using Google Maps API.  

 

5. RESULTS AND DISCUSSION 

5.1. Sensor Calibration Method 

In order to improve sensor performance, calibration of sensors is to be made at 

installation locations. This reduces possibility of structural errors creeping in. 

Structural errors occur when a sensor’s expected output is at variance with its actual 

output. We discuss the methods of calibration that we follow for our proposed mode. 

5.1.1. Dust Sensor 

Typically, a dust sensor is deployed to measure the amount of particulate matter in 

existence in the surrounding air. The measurements are read as Lo Pulse Occupancy 

time (LPO time), and is expressed in terms of particulate matter present in air for a 

given period of time. For our model, we have considered the period or unit of time to 

be 30 microseconds. As such LPO time can also be computed as a proportion of 

concentration of particulate matter. Figure 18 illustrates the sensory characteristics of 

a dust sensor – DSM501A. The characteristics of this dust sensor module are 

presented as a graph that is based on LPO time [32]. The LPO time ratio indicates the 

level at which the whole of sample time is used up. Data from the sensor module is 

measured in terms of pcs/L or pcs/0.01 cf. 

The results can be converted from number of particles per 0.01 cubic feet to an 



Smart and Healthy City Protecting from Carcinogenic Pollutants 1679 

appropriate scale of measurement to enable comparison with EPA standard. In order 

to quantify properties of individual microscopic particles that number in their 

thousands, we have made several assumptions in our calculations. We have assumed 

that all dust particles are spherical and have a density equal or close to 1.65E12 

μg/m3. We have also assumed that the radius of a given particle in the PM2.5 channel 

is equal or very close to 0.44 μm. 

We use the following equations (1) and (2) to convert the number of particles detected 

per 0.01 cubic feet to micrograms of the particles present per cubic meter of air. A 

factor of 3531.5 is used to convert 0.01 cubic feet to m3.  The number of particles is 

determined using a cubic polynomial characteristic equation as shown in Figure 13. 

 

ParticleMass = Density   Volume (1) 

PMConcentration  3mg  = Number_Of_Particle   3531.5   ParticleMass (2) 

 

 

Figure 13. Dust sensor module – DSM501A characteristics. 

 

5.1.2. UV Sensor 

To detect the intensity of ultraviolet radiation, we have used UV sensors. We show 

the how UV index varies with output voltage as rated by the manufacturer. Figure 14 

shows a graph detailing the expected and actual outputs of the monitoring unit that we 

have designed [33].  
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Figure 14. UV sensor module-UVM30A characteristics. 

 

To calibrate the UV sensor, a sensor's analog output value (d1) is converted to micro 

volts (mV) using an equation (3). We, then, calculate the UV index, which is the 

converted value to micro volts (mV), using equation (4). The term mV0 is a constant 

value that is needed for making adjustments as recommended by the OEM. Finally, 

the resultant UVIndex value is rounded to the nearest integer. 

d2 = d1 5000 / 1023 (3) 

UVIndex =  {(d2 - mV0) 11} / 1023 (4) 

5.1.3. MQ Sensor 

We use a gas sensor which is typically used in manufacturing industries to raise alerts 

in case of gas leakage. In our design, gas sensors play a vital role as these can detect 

emission of hazardous gases produced as a result of incomplete burning by internal 

combustion engines. We have used three variants of MQ series of gas sensors. These 

sensors, viz., MQ-7, MQ-131 and MQ-135, can detect concentration levels of carbon 

monoxide, ozone and toluene (mainly used as a precursor to benzene) [29 - 31]. These 

gases are detrimental to our environment. Detection of concentration levels of these 

gases plays a vital role in our proposed design. 

Before a sensor module can be used, it needs to be calibrated against a known 

standard value for reference. The calibration process also needs to factor in sensitivity 

characteristics of each sensor. Each sensor is designed to output analog data in the 

range 0 to 1023. Using equation (5), the analog value (d3) is converted to obtain a 

corresponding value in volts (Vout). 



Smart and Healthy City Protecting from Carcinogenic Pollutants 1681 

Vout = d35.0 / 1023 (5) 

Gases are measured in Parts per Million (PPM). The equations (6) and (7) are used to 

convert sensor output (Vout) to the corresponding PPM value. Manufacturers describe 

sensitivity characteristics of their respective sensors using Rs/Ro and PPM levels. Rs 

indicates resistance offered by a gas at different levels of concentration. Ro indicates 

resistance value in clear air environments. 

Rs / Ro = (Vc – Vout) / Vout, where Vc = 5V (6) 

A power series, as presented in equation (7), is used to measure concentration level 

expressed, in PPM, of any gas that is detected. 

y = axb (7) 

In the equation (7), 'a' and 'b' are constants, and 'y' represents concentration of gas in 

PPM. The corresponding resistance values that are calculated using equation (6), are 

represented by 'x'. The respective characteristics of sensors MQ-7, MQ-131 and MQ-

135 are shown in Figure 15, and Figure 16 (a) and 16 (b), respectively. 

 

 

Figure 15. CO gas sensor module – MQ-7 characteristic at a temperature of 20°C 

with 65% humidity, 21% O2 concentration and RL is 10kΩ. 



1682  Sandip Roy, Rajesh Bose and Dr. Debabrata Sarddar 

  

Figure 16. a) Ozone gas sensor module – MQ-131 characteristic b) Benzene gas 

sensor module – MQ-135 characteristic at a temperature of 20°C with 65% humidity. 

 

Central Pollution Control Board guidelines stipulate that concentration levels of 

carbon monoxide and benzene are to be expressed in mg/m3 and PM2.5, and µg/m³, 

respectively. Hence, we convert the PPM readings to appropriate scale of 

measurement. The formula for conversion is shown in the following equation (8). 

S = y{ MolecularMass (g/mol) / MolarVolume (L) } (8) 

In the following equation (9) which we use to determine the molar volume (MV), 'S' 

is the value of concentration expressed in mg/m3 or µg/m³. The corresponding PPM 

value that is obtained using equation (7) is represented by 'y'. The molecular mass 

being mass of a given molecule, molar volume represents a constant value at a 

pressure of 1 atmosphere and at a temperature of 25°C. The following equation (9) is 

used to determine the molar volume at any other temperature other than at 25°C. 

S’ = { (y12.187MolecularMass) / (273.15 + °C) } (9) 

 

5.2. National Air Quality Index in India 

Air Quality Index (AQI) is a tool used by Government agencies for communication of 

air quality status to the public in terms, how pollutaed the air currently is or how 

polluted it is foretell to become and also give information associated health effects 

might be a concern for the common people. There are six AQI categories, viz., Good, 

Satisfactory, Moderate, Poor, Very poor and Severe. The National Air Quality Index 

(AQI) in New Delhi has been launched by the Minister for Environment, Forest & 

Climate Change under the Swachh Bharat Abhiyan [34].The AQI is depend on the 

eight major pollutants, viz., Ground – Level Ozone (O3), Particulate Mater (less than 

2.5 or 10), Carbon Monoxide (CO), Sulfur Dioxide (SO2), Nitrogen Dioxide (NO2), 
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Lead (Pb) and Ammonia (NH3). But AQI can be calculated if minimum three 

pollutants data are available and one of them necessarily be PM2.5 or PM10 [34]. 

Our proposed outdoor monitoring unit can detect three air pollutants, viz., (O3, CO 

and PM2.5) out of the eight major pollutants. The equation 10 for sub-index (Ii) for a 

given pollutant is described below [34]: 

 

Ii = [{(IHIGH - ILOW) / (BHIGH - BLOW)}   (CP - BLOW)] + ILOW (10) 

AQI = Max(Ii) ( where, i = 1, 2, … , n; n denotes pollutants) 

Where, 

Ii = The Air Quality Index 

Cp = The pollutant concentration 

BHIGH = Breakpoint concentration that is greater or equal to given concentration (Cp) 

BLOW = Breakpoint concentration that is smaller or equal to given concentration (Cp) 

IHIGH = AQI value corresponding to BHIGH 

ILOW = AQI value corresponding to BLOW 

 

Table 3 and Table 4 are demonstrated the breakpoint value along with health impacts 

for AQI scale range from 0 to 500. 

 

Table 3. Breakpoints for AQI Scale (0 – 500) 

AQI Range PM2.5 (µg/m3) O3 (µg/m3) CO (mg/ m3) 

Good (0 – 50) 0 – 30 0 – 50 0 – 1.0 

Satisfactory (51 – 100) 31 – 60 51 – 100 1.1 – 2.0 

Moderate (101 – 200) 61 – 90 101 – 168 2.1 – 10 

Poor (201 – 300) 91 – 120 169 – 208 10.1 – 17 

Very poor (301 – 400) 121 – 250 209 – 748 17.1 – 34 

Severe (401 – 500) 250+ 748+ 34+ 
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Table 4. Health impacts for AQI Scale (0 – 500) 

AQI Range Health Impacts 

Good  

(0 – 50) 

Minimal Impact 

Satisfactory  

(51 – 100) 

People, who are sensitive, may cause minor breathing discomfort 

Moderate  

(101 – 200) 

People, who have lung disease such as asthma or heart disease, may 

cause breathing discomfort 

Poor  

(201 – 300) 

People, who have heart disease, may cause discomport after short 

exposure and breathing discomport to all other people after 

prolonged exposure 

Very poor  

(301 – 400) 

People may cause respiratory illness after prolonged exposure 

Severe  

(401 – 500) 

Healthy people may cause respiratory effects and serious health 

impacts on all people with lung or hearth diseases 

 

5.3. Data Analysis of Air Pollutants in Kolkata during 2013 - 17 

The overall data analysis of air pollutants in Kolkata is discussed below: 

 

5.3.1. Fine Particulate Matter (PM2.5) 

The concentration of PM2.5 has been highly undulating. It is observed in Figure 17, 

that in the winter months, i.e. December, January there are notable spikes in the 

concentration levels and then subsequent reduction in the levels. But the overall 

average has been less in 2013 and later than what was in 2012, as can been seen that 

the graph almost touches the crest in the beginning and then reduces. 
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Figure 17. Concentration of PM2.5 in Kolkata during 2013 – 17. 

 

5.3.2. Carbon Monoxide (CO) 

Carbon monoxide is a highly reactive gas that is formed by the incomplete 

combustion of carbon compounds. In Figure 18, the levels of carbon monoxide has 

been varying since 2012.  

Figure 18. Concentration of CO in Kolkata during 2013 – 17. 

 

In the beginning of 2013, there had been notable reduction of concentration, until 

October - November of 2013 when has been a sharp increase. During this time the 

level had risen to above 2mg/m3, after that there has been an immediate dip to around 

1.2 mg/m3. The level had reduced and again in September – October, 2014 there was 
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an increase in the concentration levels. Subsequently till date the levels has been 

highly undulating. 

 

5.3.3. Ozone (O3) 

The concentration of ozone in Kolkata had risen sharply during the winter of 2012 - 

2013. In Figure 19, the months of October and November the level had reached above 

50µg/m3. Subsequently the level has fallen to be above 40µg/m3 for most of year 

2014 and 2015. Occasionally the level has a dip to above 20µg/m3 in some months. 

After that, since the beginning of 2016, the concentration levels have remained 

between 20 and 40 till date. 

Figure 19. Concentration of ozone in Kolkata during 2013 – 17. 

 

5.3.4. Benzene (C6H6) 

The concentration levels of benzene have been highly fluctuating as shown in Figure 

20. There have been notable spikes in the levels during the months of October - 

November in 2013, September - October in 2014, January - February in 2015 and a 

cliff increase in November - December in 2016. The level persisted there for a few 

more months and since March 2017, there has been a steady reduction of the 

concentration. 
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Figure 20. Concentration of benzene in Kolkata during 2013 – 17. 

 

5.3.5. Data analysis of Air Quality Index (AQI) during 2013 – 17 in overall 

Kolkata 

The Air Quality Index of the city of Kolkata follows a very notable trend throughout. 

During the winter months of December, January and February the AQI reaches very 

poor to severe standards which is illustrated in Figure 21.  

 

Figure 21. AQI analysis of Kolkata during 2013 – 17 

Just before and after winter the situation is poor. An exception was noted in the winter 

of 2014 - 2015 when in January 2015 the AQI was satisfactory. During rest of the 

year the AQI remains satisfactory to good standard. Notably in the months of August, 

September and October the AQI remains Good standard. 
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5.4. Zone-wise Air Pollutants Data Analysis 

We tested our outdoor unit for air pollutants in a South and North Kolkata area on 

road junctions in proximity of four and five-point crossing respectively. The unit was 

put to test from 1st March to 31st March, 2017. The mainly readings of the pollutants, 

viz., carbon monoxide, benzene, ozone, and PM2.5, obtained from the unit during peak 

traffic hours. The average AQI of South Kolkata is found to be moderate while the 

AQI of North Kolkata is Satisfactory which are are shown in Figure 22, Figure 23. 

As, shown in the Figure 24 the AQI of South Kolkata is found to be poor while the 

AQI of North Kolkata is Satisfactory on 30th March, 2017. Thus preventive measures 

should be taken immediately by the urban dwellers. 

 

Figure 22. AQI analysis  South Kolkata of March 2017. 

 

Figure 23. AQI analysis of North Kolkata of March 2017. 
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Figure 24. Zone wise AQI report of Kolkata on 30th March 2017. 

 

6. CONCLUSION AND FUTURE SCOPE 

Detection of particulate matter and other air-borne pollutants such as carbon 

monoxide, ozone, and benzene using a model of our design was carried out by our 

design. Using a mix of sensors, that included DHT22 humidity-detecting sensor, 

UVM-30A, DSM501A, MQ-7, MQ-131 and MQ-135 sensors we have built a model 

that provides real-time data on the level of air pollution. To an urban citizen, this 

design offers a flexibility to map a route for travel through regions where air pollution 

are low.  

Based on Google's Google Maps and remote web server, our proposed model is able 

to share data on contamination levels of air-borne pollutants to wider audience. Our 

design enables urban citizenry to mitigate possibility of exposure to intense air 

pollution. While air pollution itself cannot be directly controlled nor regulated, 

government and authorized agencies can use this information to setup measures to 

arrest further deterioration in the quality of air [35]. Our model can be used as a 

stepping stone for a smart outdoor air quality monitoring system. A smart version of 

our model, will not only be able to operate on 4G networks, it would also be 

compatible with 5G and any future mobile network technology. Thus, in the wider 

context of building smart cities of the future, our model can play an important role to 

meet the challenge of traveling through heavy traffic and tackle the problem of 

navigating through urban regions where air pollution can be a cause for concern. 
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