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Abstract 

Correlation Between Air Quality Index and Traffic Volume Using Internet of Things 

(IoT) 

By  

Omar Sayah Alruwaili 

Dissertation Advisor: Ivica Kostanic, Ph.D. 

In highly populated world areas, such as metropolises, hazardous air pollution has 

been linked to the presence of damaging climate and health issues, which are becoming 

increasingly common.  Indeed, a major problem facing urban areas today is air pollution. 

Gas emissions from vehicles can be seen as the most important source of this kind of 

pollution.  Pollutant gases emitted as parts of car exhaust consist of chemicals such as 

carbon monoxide (CO), nitrogen dioxide (NO2), and sulphur dioxide (SO2), and ozone 

(O3), as well as particulate matter (PM).  In some places in the world, non-governmental 

and foreign corporations have also referred to growing visibility issues, and they have 

called for the rapid identification of toxic ambient contaminants to counteract the 

increasing rate of air pollution adequately, as the results seem alarming. The Environmental 

Protection Agency (EPA) provides guides to measure these chemicals by several methods 

to calculate the gases’ concentration.  In this research, the measurement of the Air Quality 

using a set of inexpensive electrochemical sensors is considered. An Internet of Things 

(IoT) device is used to monitor air quality in real-time.  The sensors measure all pollutants 

prescribed by the US Environmental Protection Agency for the calculation of the Air 

Quality Index (AQI).  The sensors are placed at the street level and connected to a central 
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server through the Internet of Things. Alongside pollution measurements, traffic density 

measurements next to the sensor location are performed as well.  A mathematical model 

that relates traffic density and AQI is developed. The model shows that some gaseous 

pollutants have a very strong correlation with the traffic density.  Overall, AQI and traffic 

density, as well as some other factors including temperature and humidity, show significant 

correlation.   
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Chapter 1: Introduction 

1.1 Air pollution 

Air pollution is one of our era's greatest health and environmental problems. Being 

closely related to high rates of morbidity and deaths and associated with drastic changes in 

the climate, air pollution poses great challenges to the global community.  Vehicular 

exhaust is considered the most important source of this kind of pollution.  Car exhaust is 

composed of chemicals such as carbon monoxide (CO), nitrogen dioxide (NO2), ozone 

(O3), and sulphur dioxide (SO2) as well as particulate matter (PM) [1].   Pollution is the 

introduction of pollutants into the natural environment thereby causing negative effects.  

Pollutants are often conceived simply as chemical contaminants, but they can also be more 

broadly defined to include less tangible contaminants, such as light or noise.  Among other 

distinctions, pollution can be classed as either “point source” pollution or “nonpoint 

source” pollution.  Point source pollution comes from a single identifiable place, while 

nonpoint source pollution comes from many diffuse sources [2] [3]. 

1.2 Air Pollutants: 
Air pollution is the release into the atmosphere of foreign chemicals and 

particulates that can harm animals, humans, or vegetation.  Common contaminants include 

the carbon monoxide and nitrogen oxides that are produced by factories and cars.  Fine 

dust, also known as particulate matter (PM), is very harmful due to its small size.  Particles 

10 micrometers (PM10) and 2.5 micrometers (PM2.5) can enter deep into the lungs of 

humans and animals [1] [4]. 



 

 2 

 
Figure 1. Air Pollution. 

1.2.1 Ozone (O3) 

Ozone is a gas made from three oxygen atoms (O3).  Ozone plays both positive and 

negative roles in Earth’s environment.  Ozone in Earth's upper atmosphere plays an integral 

role in life on Earth, while ozone at ground level is harmful.  Ozone is known for being a 

vital part of the stratosphere commonly known as the ozone layer.  The ozone layer is 

important because it forms a layer that protects us from the sun's harmful ultraviolet rays.  

This ozone has been partially destroyed by man-made chemicals, causing a “hole” in the 

ozone layer.  

 Luckily, due to a push for more environmental regulation, the hole is gradually repairing.  

Ground level, or Tropospheric ozone, is created by chemical reactions between oxides of 

nitrogen (NOx) and volatile organic compounds.  It is a secondary pollutant because it is 

not emitted directly by industrial activity, but it forms when various other pollutants react 

with sunlight.  Cars, refineries, and power plants create nitrogen oxides and volatile organic 

compounds that react with sunlight to create ozone.   Ozone at this ground level is a harmful 

air pollutant and is the main component of what most people call urban “smog” [4]. 
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1.2.2 Carbon Monoxide (CO) 

Carbon Monoxide (CO) is a colorless, odorless gas that is highly destructive when 

inhaled in large amounts.  CO is released during combustion reactions, such as burning 

coal, wood, or gas.  Industrial machinery, cars, and trucks are the greatest creators of CO 

pollution.  According to, [5] CO) has a common name known as “The Silent Killer”.  

Moreover, CO pollution is not just a problem for the Earth, it can also be a problem for the 

home.  A variety of items such as kerosene heaters and gas stoves also release CO and can 

affect air quality indoors.  The effects of breathing large amounts of CO can be deadly.  

Breathing air with a high concentration of CO makes it difficult for the blood to transport 

oxygen to the heart and brain because CO binds to red blood cells.  In this way, CO almost 

acts as a hijacker for red blood cells.  Exposure to large amounts of CO can cause 

headaches, nausea, dizziness, confusion, unconsciousness, and even death [4] [6]. 

1.2.3 Sulfur Dioxide (SO2) 

Sulfur Dioxide (SO2) is a toxic gas with a strong, pungent smell.  It is released 

naturally by volcanic activity, but most of it is produced as a by-product of human activity, 

such as burning of impure fossil fuels that are contaminated with sulfur compounds.  Short-

term exposures to SO2 can irritate the nose, throat, and lungs, making breathing difficult.  

Children, the elderly, and asthmatics are particularly vulnerable to the harmful effects of 

SO2 [4]. 

1.2.4 Nitrogen Dioxide (NO2)  

Like many other man-made pollutants, nitrogen dioxide (NO2) is mainly emitted 

due to the burning of fossil fuels by transportation vehicles and power plants.  Because of 

this, it is found in higher concentrations in urban areas rather than rural areas.  Breathing 
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large quantities of NO2 can harm the human respiratory system, causing coughing, 

wheezing or difficulty in breathing.  Prolonged exposure to NO2 also appears to be a risk 

factor for the development of childhood asthma.  Children and the elderly are particularly 

vulnerable to the health effects of NO2.  NO2 also has secondary effects on air quality.  It 

reacts with other chemicals in the atmosphere to create ozone, which is also harmful to the 

human respiratory system.  Another significant effect of NO2 on the environment is the 

creation of acid rain. NO2 (and other nitrogen oxides) react with water in the atmosphere 

to form nitric acids, better known as acid rain.  This acid can be highly corrosive and it 

causes harm to vulnerable ecosystems, human health, and human structures such as 

buildings and bridges [4]. 

 

1.2.5 Particulate Matter (PM) 

Particulate matter is the name for the various small solid and liquid particles that 

are suspended in the air.  This can be a mixture of dirt, soot, smoke, dust, or other small 

components.  Some of this matter can be seen with the naked eye, but others can only be 

detected using advanced equipment.  These smaller particles often pose a much greater 

health hazard because they can easily enter human and animal respiratory systems.  The 

smaller the particle, the easier they can get deep into lungs.  Furthermore, these particles 

reduce visibility by creating haze and smog. Particulate matter is classified by its size.  

PM10 are particles with diameters of 10 micrometers or smaller.  These are easily inhalable. 

Even smaller particles are PM2.5, at 2.5 micrometers or smaller.  These particles are 

incredibly small; the average diameter of a human hair is 30 times larger than a PM2.5 [4] 

[7]. 
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Figure 2. Effects of Air pollutants on human health. 

1.3 Air Quality Index 
To help manage different types of pollution, government agencies regularly 

monitor air quality using the air quality index indices.  Different countries and regions have 

different ways of categorizing air quality, but in the United States, the EPA categorizes air 

quality into six ranges.  Each range has different levels of potential health concerns.  The 

Air Quality Index is calculated by measuring the levels of five main pollutants: ground 

level (or Tropospheric) ozone, particulate matter, carbon monoxide, sulfur dioxide, and 

nitrogen dioxide.  The harmful effects of these pollutants have been described in the 

previous sections.  The Air Quality Index ranges from 0 to 500.  Between 0-50, air quality 

is considered “Good” and poses little to no health risk. Between 51-100, air quality is 

“Moderate”; acceptable for most people, but a potential health concern for a very small 

number of people particularly sensitive to air pollution.  Between 101-150, air quality is 
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“Unhealthy for Sensitive Groups".  Although the general populace is not likely to suffer 

consequences from being exposed to air in this range, people with lung disease, older 

adults, children, and asthmatics are at risk.  Between 151-200, air quality is “Unhealthy”.  

Everyone might experience some adverse health effects, and members of sensitive groups 

may suffer serious, or even life-threatening effects.  Between 201-300, air quality is “Very 

Unhealthy”.  This would trigger a health alert warning that people should avoid unfiltered 

outside air as much as possible because everyone is at risk of more serious health effects. 

Between 300-500, air quality is “Hazardous”.  This would trigger an emergency health 

warning, with the entire population likely to be affected.  Staying informed about the Air 

Quality Index is an important way to stay healthy [4]. 

 
0 - 50 Good 

51 - 100 Moderate 

10 1- 150 Unhealthy for Sensitive Groups 

151 - 200 Unhealthy 

201 - 300 Very Unhealthy 

301 - 500 Hazardous 

Figure 3. AQI scale [4]. 

The varying standards of limits of pollutants: 

 As shown in Table 1, each country and organization has standards for the limits on 

the most prevalent pollutants: ozone (O3), carbon monoxide (CO), nitrogen dioxide (NO2), 

sulfur dioxide (SO2), and particulate matter (PM) to decrease the danger of air pollution 

such as: the United States Environmental Protection Agency (EPA), the World Health 
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Organization (WHO), the European Commission (EC), the Chinese Ministry of 

Environmental Protection (MEP) and the Environmental Protecting Department (EPD) of 

Hong Kong [8]. 

 Table 1. The five standards of limits the pollutants [8]. 

Pollutant EPA WHO EC MEP EPD 
Ozone (O3) 75 ppb  

(8-hrs) 
100 μg/m3  
(8-hrs) 

120 μg/m3  
(8-hrs) 

200 μg/m3  
(1-hr) 
160 μg/m3  
(8-hrs) 

160 μg/m3  
(8-hrs) 

Carbon 
Monoxide (CO) 

9 ppm 
 (8-hrs) 
35 ppm  
(1 hr) 

100 mg/m3  
(15 min) 
15 mg/m3  
(1-hr) 
10 mg/m3  
(8-hrs) 
7 mg/m3  
(24-hrs) 

10 mg/m3  
(8-hr) 

10 mg/m3  
(1-hr) 
4 mg/m3  
(24-hrs) 

30 mg/m3  
(1-hr) 
10 mg/m3  
(8-hrs) 

Nitrogen Dioxide 
(NO2) 

100 ppb  
(1-h) 
53 ppb  
(1-year) 

200 μg/m3  
(1 hr) 
40 μg/m3  
(1-year) 

200 μg/m3  
(1-hr) 
40 μg/m3  
(1-year) 

200 μg/m3  
(1-hr) 
80 μg/m3  
(24-hrs) 
40 μg/m3  
(1-year) 

200 μg/m3  
(1-hr) 
40 μg/m3  
(1-year) 

Sulfur Dioxide 
(SO2) 

75 ppb (1-
hr) 
0.5 ppm  
(3-hrs) 

500 μg/m3  
(10-min) 
20 μg/m3 

 (24-hrs) 

350 μg/m3  
(1-hr) 
125μg/m3  
(24-hrs) 

500 μ g/m3  
(1-hr) 
150 μg/m3 

 (24-h) 
60 μg/m3  
(1-year) 

500 μg/m3 

 (10-min) 
125μg/m3  
(24-hrs) 

Particulate 
Matter 
(PM) 

PM2.5 35 μg/m3 

 (24-hrs) 
12 μg/m3 

 (1-year) 

25 μg/m3  
(24-hrs) 
10 μg/m3  
(1-year) 

25 μg/m3  
(1 year) 

75 μg/m3  
(24-hr) 
35 μg/m3  
(1-year) 

75 μg/m3  
(24-hrs) 
35 μg/m3  
(1-year) 

PM10 150 μg/m3  
(24-hrs) 

50 μg/m3 

 (24-hrs) 
20 μg/m3  
(1 year) 

50 μg/m3  
(24-hrs) 
40 μg/m3  
(1-year) 

150 μg/m3  
(24-hrs) 
70 μg/m3 

 (1-year) 

100μg/m3  
(24-hrs) 
50 μg/m3  
(1 year) 

 
 
 

 

 



 

 8 

The Clean Air Act and National Ambient Air Quality Standards: 

Faced with increasing public pressure and solidifying scientific consensus 

regarding the adverse health effects of air pollution, the US government enacted the Clean 

Air Act in 1963.  This was a landmark piece of environmental legislation that expanded 

regulations for ambient air quality.  Amended several times throughout its history, a 

particularly important development came in 1970, with the introduction of National 

Ambient Air Quality Standards.  The National Ambient Air Quality Standards set limits 

for five major pollutants that are known to be harmful to the environment, public welfare, 

and general health.  The five pollutants are sulfur dioxide, particulate matter, carbon 

monoxide, ozone, and nitrogen dioxide.  These air quality standards are categorized as 

either Primary or Secondary standards, with each category focused on protecting different 

segments of the public.  Primary standards are designed to directly protect public health, 

especially with regards to vulnerable populations such as asthmatics.  Secondary standards 

are designed to protect public welfare by minimizing damage to animals, plants, and 

infrastructure.  The Clean Air Act was further amended in 1990 to more adequately address 

problems such as ozone depletion and acid rain.  Although not without criticism, the Clean 

Air Act and its various standards and regulations have largely been a public health success.  

Since the Clean Air Act’s inception in 1963, it is estimated that 205,000 premature deaths 

have been avoided due to higher air quality control standards.  The units that are used for 

measurement by this standard are micrograms per cubic meter of air (µg/m3), parts per 

billion (ppb) by volume, and parts per million [4] [9]. 
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Table 2. NAAQS Table [10]. 

Pollutant 
 

Primary/ 
secondary 

Averaging 
Time 

Level Form 

Carbon Monoxide 
(CO) 

Primary 8 hours 9 ppm Not to be 
exceeded more 
than once per year  

1 hour 35 ppm 

Lead (Pb) Primary and 
secondary 

Rolling 3 
month 
average 

0.15 µg/m3 Not to be 
exceeded 
 

Nitrogen Dioxide 
(NO2) 

 

Primary  
1 hour 

100 ppb 98th percentile of 
1-hour daily 
maximum 
concentrations, 
averaged over 3 
years 

Primary and 
secondary 

1 year 53 ppb Annual Mean 

Ozone (O3) Primary and 
secondary 

8 hours 0.070 ppm Annual fourth- 
highest daily 
maximum 8-hours 
concentration, 
averaged over 3 
years 

Particle 
Pollution 

(PM). 

PM2.5 Primary 1 Year 12.0 µg/m3 Annual mean, 
averaged over 3 
years 

secondary 2 Year 15.0 µg/m3 Annual mean, 
averaged over 3 
years 

Primary and 
secondary 

24 hours 35 µg/m3 98th percentile, 
averaged over 3 
years 

PM10 Primary and 
secondary 

24 hours 150 µg/m3 Not to be 
exceeded more 
than once per year 
on averaged over 
3 years 

Sulfur Dioxide 
(SO2) 

Primary/ 1 hour 75 ppb 99th percentile of 
1-hour daily 
maximum 
concentrations, 
averaged over 3 
years 

secondary 3 hours 0.5 ppm Not to be 
exceeded more 
than once per year 
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Air Quality Index Calculation Methods: 

Nowadays, it is important for people to know the daily levels of air pollution. Each 

country and organization has a way to calculate overall Air Quality Index (AQI). 

According to [11], there are six distinct methods for calculating overall Air Quality Index 

(AQI) in air pollutants. 

First method: 

Use the following formula to get the overall AQI based on the mean of the ratio of 

concentration of pollutants which is then multiplied by 100.  If the result of the formula is 

less than 100, the air quality is Good.  If it is more than 100 the air quality is Harmful. 

where AQI = Air Quality Index, C= Pollutant value of the air quality, Cs= The standard of 

residential area from Central Pollution Control Board (CPCB) [11]. 

𝐴𝑄𝐼 = ( !
!"

) * 100                          (1) 

 

Second method: 

In this method, the AQI is measured by dividing the geometric mean of the ratio of 

pollutant concentration to the standard value of that pollutant such as PM10. PM2.5, NO2 

and SO2. And then comparing the AQI with another rating scale If the AQI is less than 10, 

the air quality is Very Clean; between 10 and 25, it is Clean; between 25 and 50, Fairly 

Clean; between 50 and 75, it is Moderately Polluted; between 75 and 100, it is Polluted; 

between 100 and 125, it is Highly Polluted; a measurement of more than 125 means the air 

is Severely Polluted [11]. 
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Third method: 

This method makes use of the Oak Ridge National Air Quality Index (ORNAQI), 

which uses the following formula and then compares the total AQI with the relative 

ORAQI value.  If the result of the equation is 0 to 0.5 the air is Acceptable; 0.51 to 1, 

Unacceptable; 1.01 to 2, Alert; more than 2, Significant Harmful [11]. 

 

where AQI = Air Quality Index, AQI = Air Quality Index, C= Pollutant value of the air 

quality, Cs= The standard of residential Area from CPCB. 

𝐴𝑄𝐼 = [39.02∑ #
#$
]%.'()                      (2) 

 

Fourth method: 

In this method, if the result of the equation is 0 to 25, the air is Clean; between 26 

and 50, Light Air Pollution; between 51 and 75, Moderately Polluted; between 76 and 100, 

Heavy Air Pollution; more than 100 means there is Severe Air Pollution [10]. 

where W= Weight of Pollutant, AQI = Air Quality Index, C= Pollutant value of the air 

quality, Cs= The standard of residential area from CPCB  

Calculating the AQI by using the following formula: 

𝐴𝑄𝐼 = .*∗	#
#$
/                                     (3) 

Fifth method: 
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In this method, if the result of the equation is up to 50, the air quality is Good; 51 

to 100, Moderate; 101 to 150, Unhealthy for Sensitive Groups; 151 to 200, Unhealthy; 201 

to 300, Very Unhealthy; and between 301 and 500, air quality is Hazardous [4] [11]. 

where BHI = Breakpoint concentration greater or equal to given concentration, BLow = 

Breakpoint concentration smaller or equal to given concentration, IHI= AQI value 

corresponding to BHI, ILow = AQI value correspond to BLow, Cp= the truncated 

concentration of pollutant p,  

AQI = Maximum of Ip 

Calculating the AQI by using the following formula: 

AQI	 = Ip = 	 56 -IHI.	ILow/
-BHI.	BLow/7 ∗ 	 9Cp	 − 	BLow;< + 	ILow	          (4) 

The sixth method: 

Use the following formula to get the overall AQI based on the mean of the ratio of 

concentration of pollutant then multiplied by 100.  The different ranges of the Air Quality 

Index are rated as follows:  Between 0-50, air quality is considered Good; between 51-100, 

air quality is considered Satisfactory; between 101-200, air quality is considered 

Moderately Polluted; between 201-300, air quality is considered Poor; between 301-400, 

air quality is considered Very Poor; between 401-500, air quality is considered Severe. 

This is similar to the First Method, the only difference being the rating system. 

where AQI = Air Quality Index, C= Pollutant value of the air quality, Cs= The standard 

for a residential area from CPCB [11]. 

𝐴𝑄𝐼 = ( !
"#
)*100                          (5) 



 

 13 

Table 3 shows a summary of the classifications of air quality used for comparative 

study.  The AQI computation measures seasonal and daily changes in air quality in the 

investigation locale under different classes ranging from good, moderate, satisfactory to 

unacceptable classes for various AQI computations [11]. 

Table 3. classifications of air quality used for comparative study [11]. 

AQI 
(CPCB),1994 

AQI 
(Malaysia,1999) 

AQI  
(Wt.Avg.) 

AQI  
(ORAQI) 

AQI 
(USEPA,2006) 

AQI  
(CPCB,2014) 

(AQI< 100) 

Good 

(AQI< 10) 

Very Clean 

(0>AQI<0.5) 

Acceptable 

(0>AQI<25) 

Clean 

(Up to 50) 

Good 

(0 - 50) Good 

(AQI>100) 

Harmful 

(10> AQI <25) 

Clean 

(0.51>AQI<1) 

Unacceptable 

(26>AQI<50) 

Light Air 

Pollution 

(51 - 100) 

Moderate 

(51 - 100) 

Satisfactory 

(25>AQI<50) 

Fairly Clean 

(1.1>AQI<2) 

Alert 

(51>AQI<75) 

Moderately 

Polluted 

(101 - 150) 

Unhealthy for 

Sensitive 

Groups 

(101 – 200) 

Moderately 

Polluted 

(50>AQI<75) 

Moderately 

Polluted 

(AQI>2) 

Significant 

Harmful 

(76>AQI<100) 

Heavy Air 

Pollution 

(151 - 200) 

Unhealthy 

(201 - 300) 

Poor 

(75>AQI<100) 

Polluted 

(AQI>100) 

Severe Air 

Polluted 

(201 - 300) 

Hazardous 

(301 - 400) 

Very Poor 

(100>AQI<125) 

Highly Polluted 

(401 - 500) 

Severe 

(AQI>125) 

Severely 

Polluted 
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Calculating the Air Quality Index (AQI) the breakpoints for all AQI pollutants:  
 

Table 4. Breakpoints for the AQI [9]. 

 
 

 

 

O3 (ppb) 
(8 - hr) 

O3 (ppb) 
(1 - hr) 

PM 
2.5 (µg/m3) 

(24 - hr) 

PM10 (µg/
m3) 

(24 - hr) 

CO (ppm) 
(8 - hr) 

SO2 (ppb) 
(1 - hr) 

NO2 (ppb
) 

(1 - hr) 

AQI 

CLOW-
Chigh(avg
) 

CLOW-
Chigh(avg) 

CLOW-
Chigh 
(avg) 

CLOW –
Chigh(avg) 

CLOW – 
Chigh 
(avg) 

CLOW –
Chigh 
(avg) 

CLOW –
Chigh 
(avg) 

ILOW -
Ihigh 
(avg) 

 
0 -54 

  
0.0 – 12.0 

 
0 - 54 

 
0.0 – 4.4 

 
0 - 35 

 
0 - 53 

 
0 - 50 

 
55 - 70 

  
12.1 – 35.4 

 
55 - 154 

 
4.5 – 9.4 

 
36 - 75 

 
54 - 100 

 
51 - 100 

 
71 - 85 

 
125 - 164 

 
35.5 – 55.4 

 
155 - 254 

 
9.5 – 12.4 

 
76 - 185 

 
101 - 360 

 
100 - 150 

 
86 - 105 

 
165 - 204 

 
55.5 – 150.4 

 
255 - 354 

 
12.5 – 15.4 

 
186 - 304 

 
361 - 649 

 
151 - 200 

 
106 - 200 

 
205 - 404 

 
150.5 – 
250.4 

 
355 - 424 

 
15.5 – 30.4 

 
305 - 604 

 
650 - 
1249 

 
201 - 300 

  
405 - 504 

 
250.5 – 
350.4 

 
425 - 504 

 
30.5 – 40.4 

 
605 - 804 

 
1250 - 
1649 

 
301 - 400 

  
505 - 604 

 
350.5 – 
500.4 

 
505 - 604 

 
40.5 – 50.4 

 
805 - 1004 

 
1650 - 
2049 

 
401 - 500 
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Mapping between O3 concentration and AQI value: 

• AQI considers 8hr averages 

• Parts per billion (ppb) 

 

Table 5. Breakpoints for the Ozone O3- 8-hour. 

O3 (ppb)-8 hour average AQI 
0        8 - hours 0 
54      8 - hours 50 
70      8 - hours 100 
85      8 - hours 150 
105     8 - hours 200 
200     8 - hours 300 

 
 

 
 
 

Figure 4: Mapping between O3 – 8-hour concentration and AQI value 
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Mapping between O3 concentration and AQI value: 

• AQI considers 1hr  

• Parts per billion (ppb) 

 

Table 6. Breakpoints for the Ozone O3 – 1-hour. 

O3 (ppb) 1-hour average AQI 
0        1 hour 0 
164    1 hour 150 
204    1 hour 200 
404    1 hour 300 
504    1 hour 400 
604    1 hour 500 

 
 
 

 
 
 

Figure 5: Mapping between O3 – 1-hour concentration and AQI value. 
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Mapping between NO2 concentration and AQI value: 

• AQI considers 1-hr average  

• Parts per billion (ppb) 

 

Table 7. Breakpoints for the NO2. 

NO2 (ppb)-1-hour average AQI 
0           1-hour 0 
53         1-hour 50 
100       1-hour 100 
360       1-hour 150 
649       1-hour 200 
1249     1-hour 300 
1649     1-hour 400 
2049     1-hour 500 

 
 
 
 

      
 
 

Figure 6: Mapping between NO2 – 1-hour concentration and AQI value 
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Mapping between SO2 concentration and AQI value: 

• AQI considers 1hr and 24hr averages 

• Parts per billion (ppb) 

Table 8. Breakpoints for the SO2. 

SO2 (ppb) 1-hour average AQI 
0           1-hour 0 
35         1-hour 50 
75         1-hour 100 
185       1-hour 150 
304       1-hour 200 
604       1-hour 300 
804       1-hour 400 
1004     1-hour 500 

 
 
 

 
 
 

Figure 7: Mapping between SO2 – 1-hour concentration and AQI value 
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Mapping between CO concentration and AQI value: 

•  AQI evaluates 1-hour average and 8-hour average 

•  Parts per million (ppm) 

 

Table 9. Breakpoints for the CO. 

CO (ppb)1-hour average AQI 
0      1-hour 0 

4.4      1-hour 50 
9.4     1-hour 100 
12.4     1-hour 150 
15.4     1-hour 200 
30.4     1-hour 300 
40.4     1-hour 400 
50.4     1-hour 500 

 
 
 

 
 
  

Figure 8: Mapping between CO – 8- hours concentration and AQI value 
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Mapping between PM concentration and AQI value: 

• AQI considers 24hr averages 

Table 10. Breakpoints for the PM2.5. 

PM2.5 (ug/m^3) 24-hour average AQI 
0               24-hour 0 
12.1          24-hour 50 
35.5          24-hour 100 
55.5          24-hour 150 
150.5        24-hour 200 
250.5        24-hour 300 
350.5        24-hour 400 
500.4        24-hour 500 

 
 
 
 

 
   
 

Figure 9: Mapping between PM2.5– 24-hour concentration and AQI value 
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Mapping between PM concentration and AQI value: 

• AQI considers 24hr averages 

 

Table 11. Breakpoints for the PM10. 

PM10 (ug/m^3) 24-hour average AQI 
0         24-hour 0 
55       24-hour 50 
155     24-hour 100 
255     24-hour 150 
355     24-hour 200 
425     24-hour 300 
505     24-hour 400 
604     24-hour 500 

 
 
 
 

 
   

Figure 10: Mapping between PM10 – 24-hour concentration and AQI value. 
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1.4 Internet of Things (IoT): 
The Internet of Things (IoT) is a collection of physical objects (things) such as 

software, sensors, and network connectivity.  It enables these objects to collect and 

exchange data remotely for interaction between the physical and cyber worlds.  Over the 

years, the IoT has evolved into one of the most sophisticated technologies with a global 

economic and societal impact.  It has a great potential to improve human health and safety.  

Some examples include smart city applications for smart transport, smart energy, smart 

health, ambient-assisted living, crime prevention and community safety, governance, 

condition monitoring and maintenance of infrastructure, disaster and emergency 

management, smart homes, tourism and recreation and environmental management [12] 

[13]. 

Smart Homes are going to be as common as smart phones due to the benefits offered 

by them such as energy saving and cutting the cost and time involved in performing actions. 

Some of the available features in a smart home include remotely controlled air conditioner, 

heating, lighting, and controlling other household devices. The population residing in cities 

is ever increasing with rapid urban growth straining the already existing infrastructure. To 

tackle the increasing demand of infrastructure and new demand of cities, the urban IoT is 

a rapidly growing area of research [12]. 

A smart city is the integration of technology into a strategic approach to 

sustainability, citizen’s well-being and economic development.’ Many stakeholders are 

involved including government, network operators, system integrators, and technology 

giants, who work in conjunction to provide suitable solutions that can be used and extended 

for a variety of new services and applications. The city engineers install sensors across the 
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town which measure temperature, relative humidity, carbon monoxide, nitrogen dioxide, 

noise and particles. If one of the parameters goes above a set threshold, the GPS has sensors 

send an alarm to a central node. The node in turn sends the information to the smart phones 

of the inhabitants [12]. Traffic congestion is a very common scene in cities. Smart traffic 

signals come to the rescue for this problem. GPS installed vehicles, road sensors, and traffic 

cameras can be used to get real time traffic data, thus advising the driver to follow a less 

congested route, thus saving fuel and time. Smart Parking involves real time data using 

sensors and smart phones that allow an individual to know the available parking slots in 

advance. It guides the driver to a suitable parking area, optimizes parking space area, makes 

the experience of parking hassle free and helps in a greener environment by reducing the 

emission of CO2 and ultimately providing a smooth driving experience.  

The IoT in healthcare is a steadily growing field nowadays. The IoT also allows 

easy access to previously stored patient information from the Internet by medical 

professionals. It helps in providing medical attention to patients in remote areas where 

doctors cannot physically reach and is also beneficial for senior citizens when they are 

restricted due to their mobility. IoT based healthcare provides an unparalleled prospect to 

improve the quality and efficiency of medical treatment leading to improvement in the 

health of the patients [12] [13]. 

The IoT is important in the development of inexpensive air pollution sensing 

devices as well. Such devices may be placed around a city to measure humidity, 

temperature, and concentration of ozone, carbon monoxide, nitrogen dioxide, noise, and 

particles [13].  The devices may be configured to send alarms if any of the concentration 

for any of the pollutants goes above a set threshold. This type of architecture addresses the 
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main problem of air pollution monitoring - expensive and cumbersome measurement 

systems. With the IoT, one may possibly deploy hundreds of sensors for near real-time 

monitoring of air quality over larger geographical areas. 

1.5 Health Effects of Air Pollution: 
Air pollution is one of our era's greatest health and environmental problems. Being 

closely related to high rates of morbidity and deaths and associated with drastic changes in 

the climate, air pollution poses great challenges to the global community. Individuals and 

nations alike are increasingly alarmed and concerned with the looming effects and 

repercussions of an unprecedented deterioration in the quality of air and the environment. 

The burden of air pollution is heavy and is of an unequalled emergency [14].  The present 

section discusses the effects of air pollutants on human health and on the environment. 

Air pollution refers to a mix of particles and gases that can reach harmful 

concentrations both outdoors and indoors and can be dangerous not only to humans but 

also to other living organisms. What one typically thinks of as air pollution is actually a 

mixture of small particles that form this invisible threat to health and environment alike. It 

is found, for instance, that fine PM2.5 particles which penetrate deep into lung passageways 

are classified as the most health-harmful pollutants, especially those which are responsible 

for excessive premature mortality. A number of natural and anthropogenic activities cause 

hazardous chemicals to escape into the environment leading to adverse effects on human 

health and the environment. Multidisciplinary studies have shown that different air 

pollutants differ in their chemical composition, reaction properties, emission, time of 

disintegration and ability to diffuse in long or short distances. Major examples of air 

pollutants may range from carbon monoxide (CO), sulfur dioxide (SO2), nitrogen oxides 
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(NOx), volatile organic compounds (VOCs), ozone (O3) and heavy metals, to respirable 

particulate matter (PM2.5 and PM10). Such pollutants are associated with higher disease 

risks, higher rates of world mortality and with drastically rising temperatures [15]. 

 The air contains emissions from many different sources: industry, motor vehicles, 

heating and commercial sources, household fuels as well as tobacco smoke. In spite of 

decades of intensive studies and research, air quality continues to decline causing a state 

of global alarm and emergency, given that anthropogenic air pollution is reported to be the 

cause of about 9 million deaths per year worldwide [16].  In the year 2016, it was reported 

that ambient air pollution was responsible for 4.2 million deaths, and it was calculated that 

90 percent of these deaths occurred in low- and middle-income countries. Worldwide, 

ambient air pollution is assessed to cause about 16% of the lung cancer deaths, 25% of 

chronic obstructive pulmonary disease (COPD) deaths, around 17% of heart disease and 

stroke, and about 26% of respiratory infection deaths [16]. 

 Air pollution has acute and chronic effects on human health, affecting a number of 

different systems and organs and accounting for millions of deaths around the world every 

year. It impacts more severely individuals who are susceptible and sensitive even on days 

when air pollution is low. Air pollution causes and exacerbates diseases ranging from 

minor upper respiratory irritation to chronic respiratory and heart disease, lung cancer, 

acute respiratory infections in children and chronic bronchitis in adults, aggravating pre-

existing heart and lung disease, or triggering asthmatic attacks. Air pollution has also been 

linked with premature mortality and reduced life expectancy. The International Agency for 

Research on Cancer has classified outdoor air pollution and particulate matters as 

carcinogenic to humans. According to the World Health Organization, it is estimated that 
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exposure to air pollution is held to be more responsible for being a major risk-factor for 

non-communicable diseases than is commonly believed [16] [17]. 

 Air pollution has thus been directly attributed to higher rates of cancer, heart 

disease, stroke, and respiratory diseases such as asthma. For instance, according to the 

American Lung Association, in the U.S. nearly 134 million people, over 40 percent of the 

population, are at risk of disease and premature death because of air pollution. Exposure to 

pollutants such as airborne particulate matter and ozone causes respiratory and 

cardiovascular diseases and has thus been associated with alarming increases in mortality 

and hospital admissions. Following cohorts of exposed individuals over time, both short-

term and long-term studies have revealed these effects by seeking to relate day-to-day 

variations in air pollution and health.  One surprising finding of these studies is that the 

effects on human health have been detected even at very low levels of exposure and they 

succeeded in providing evidence for adverse effects on health of selected air pollutants. So, 

it must be clear that both short-and-long-term exposure to air pollutants have been 

associated with health impacts, but more severe impacts seem to affect people with existing 

diseases. One of the statistics show that air pollution, being associated with as many as 5 

million premature deaths each year from heart attacks, strokes, diabetes and respiratory 

diseases, is the cause for more deaths than those related to AIDS, tuberculosis and malaria 

combined.  Research also suggests that long term exposure to some pollutants increases 

the risk of emphysema more than smoking a pack of cigarettes a day. Moreover, recent 

studies show air pollution can impact both physical and mental health [17]. 

 Particulate matter, ground-level ozone, carbon monoxide, sulfur oxides, nitrogen 

oxides, and lead are reported by World Health Organization (WHO) to be the major air 
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pollutants threatening life on earth. These air pollutants can have disastrous effects on all 

components of the environment, including groundwater, soil, and air. They also pose a 

serious threat to all living organisms on the planet. In the following part of the article, there 

will be a brief discussion of the nature and the mechanisms of action of these air pollutants 

in order to elucidate their effects on human health and the environment.  

To begin with, particulate matter (PM10, PM2.5) is made up of small particles like 

dust, soot and drops of liquids. Most of the PM in urban areas is the direct product of the 

burning of fossil fuels by power plants, automobiles, and industrial facilities. Such 

particulates cause nasal and respiratory health problems and are known for penetrating 

deeper into the lungs and causing heart attacks, strokes, asthma, bronchitis, and cancer, as 

well as premature death from heart ailments. Studies show that higher than PM2.5 exposure 

can impair brain development in children [18]. 

Ozone 3 (O3), which is a constituent part of what is commonly referred to as smog, 

is another air pollutant in the atmosphere. It is the result of the reactions of volatile organic 

compounds and nitrogen oxides, both of which are formed due to the combustion of fossil 

fuels. Although ozone can protect us from ultraviolet radiation if it is at high levels of the 

atmosphere, it has proved to be one major cause for respiratory irritations if it is found at 

ground level. Short-term exposure to ground-level ozone can trigger chest pain, coughing 

and throat irritation, while long term exposure can lead to lung dysfunction and to 

aggravating existent lung diseases as well as causing chronic obstructive pulmonary 

disease.  

Sulfur dioxide (SO2), another hazardous pollutant, is released into the air as the 

result of burning fossil fuels that contain sulfur. Burned fuel containing sulfur is the result 
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of coal-fired plants, metal extraction and smelting. It is also caused by ship engines and 

heavy equipment burning diesel fuels. Eye irritation, asthma, respiratory troubles and 

infections, and a decrease in the functioning of the cardiovascular system are some of the 

adverse effects of sulfur dioxide on health [4] [15].  

The massive increase in the levels of air pollution especially over the last decades 

is closely associated with climate change, the consequences of which can be severe for 

mankind.  According to many studies, climate change is reported to cause diseases such as 

cholera, poliomyelitis, tick-borne encephalitis, and malaria to reemerge and to threaten to 

eradicate millions of lives worldwide [19].  Up to this point, it must be emphasized that, in 

view of the magnitude of the public health impact and the impacts of major global 

environmental problems, different kinds of actions and interventions should be taken. 

Although it is a hard task to eradicate the problem of anthropogenic environmental 

problems, the global community can still aspire to reach success and effectiveness in 

controlling air pollution through the combined and multiplied efforts of national and 

international organizations, individuals, nations, scientists, doctors and experts. These 

efforts cannot, however, be fruitful if they are not coupled with full public awareness of 

the causes, impacts and control strategies of air pollution. It is for this reason that 

governments must use all the means to sensitize people to the dangers and repercussions 

of air pollution and climate change. Sustainable solutions must be proposed in order to 

attain full recovery of a pollution-sensitive ecosystem and to save the lives of humans and 

those of other species on the planet.  

Air quality is directly related to the climate of the Earth and to the ecosystems 

globally. Taking for example the world’s high carbon dioxide (CO2) emission, its sources 
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are also the drivers of air pollution. On the other hand, some air pollutants, such as black 

carbon and ozone, greatly affect agricultural productivity and contribute to climate change. 

This is the reason why some policies have been implemented to primarily reduce the effect 

of air pollution on climate and more importantly on health. WHO has already spearheaded 

the call for actions to reduce the health impacts of exposures to air pollution and helps the 

health sector to take the necessary steps in the reduction of the increasing problem of air 

pollution. WHO has established a Global Platform on Air Pollution and Health together 

with experts in government and in the academe to ensure the improvement in terms of 

surveillance methods and exposure monitoring not just nationally but also globally, given 

that there is an open access to air quality data. Also, another effort led by WHO, together 

with the UN Environment and the Climate and Clean Air Coalition, is the formation of the 

Breathe Life campaign, which promotes awareness among the public, city governments 

and health care professionals regarding interrelationships among air pollution, climate 

change and health [20]. 

Exhaust emissions from vehicles are seen as the most important reason for this kind 

of pollution. There are some diseases and health effects of air pollution for human and 

other animals. The most sensitive groups are children and older adults, especially those 

active outdoors, with these groups showing greater effects than others. One of the health 

effects is respiratory problems such as coughing, congestion, chest pain, and throat 

irritation; it also worsens respiratory diseases such as asthma, bronchitis, and emphysema. 

Some gases like SO2 react with other parts of the atmosphere and create particles that 

penetrate deeply into sensitive parts of lungs. Particulate matter is linked to numerous 
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problems: premature death with people with lung diseases, nonfatal heart attack, irregular 

heartbeat, aggravated asthma, and decrease in lung function [17]. 

Table 12. Health Effect of air pollution. 

Air Quality Index Level Who will affected 

Good > 50 Little or no risk  

Moderate 51 – 100 Little of people will affects 

Unhealthy for Sensitive 

Groups 

101 - 150 Sensitive group specially children and 

people with heart of lung disease and 

others 

Unhealthy 151 - 200 Everyone specially people active 
outdoors  

Very Unhealthy 201 – 300 Everyone 

Hazardous 301 - 500 Everyone 

 
1.6 Research Problem: 

Air pollution is one of our era's most significant health and environmental 

problems. Being closely related to high rates of morbidity and deaths and associated with 

drastic changes in the climate, air pollution poses significant challenges to the global 

community. Individuals and nations alike are increasingly alarmed and concerned with the 

looming effects and repercussions of an unprecedented deterioration in air and environment 

quality. Multidisciplinary studies have shown that different air pollutants differ in their 

chemical composition, reaction properties, emission, time of disintegration, and diffusion 

ability in long or short distances. Such pollutants are associated with higher disease risks, 

higher world mortality rates, and drastically rising temperatures. The air contains emissions 
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from many different sources: industry, gas emission from vehicles, heating, and 

commercial sources, and household fuels as well as tobacco smoke. Major examples of air 

pollutants may range from carbon monoxide (CO), sulfur dioxide (SO2), nitrogen oxides 

(NOx), volatile organic compounds (VOCs), ozone (O3), and heavy metals to respirable 

particulate matter (PM2.5 and PM10). A traditional air pollution monitoring system is used 

to display air pollution and measure a huge variation of pollutants using conventional 

analytical instruments. These monitoring stations are costly, huge, and available only in 

limited places.  

As a first step, by using the IoT, the development of a low cost and real time air 

pollution monitoring system in street level can be attained.  The low cost is achieved 

through use of electro-chemical sensors. The system includes an electrochemical gas 

sensor, a PM sensor that helps to measure air pollution. Real time measurement is achieved 

through the use of the IoT and contemporary cellular IoT technologies.  Second, the 

research examines the relationship between pollution measurements on the street level and 

the car density, by creating a mathematical model to determine the correlation between air 

pollution and traffic density. 

1.7 Research Objective:  

The research is designed to effectively understand the existence of outdoor air 

pollution in the street, to identify the essential components that affect this condition and to 

gauge the trends of the pollutant emissions from car exhaust. This analysis attempts to 

interpret the interaction between emissions and contaminants. Moreover, the present 

research will determine the relationship between traffic volume and the Air Quality Index 

(AQI) as determined by EPA guidelines.  First, the location of the experiment is carried 
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out in an open area, like a street in the city, to sense gases emitted from cars.  Then it will 

analyze the correlation between the volume of traffic and the Air Quality Index (AQI). The 

air quality is measured using a set of inexpensive electrochemical sensors. The sensors 

measure all pollutants prescribed by US Environmental Protection Agency for calculation 

of the Air Quality Index (AQI). The sensors measure the value of carbon monoxide, 

nitrogen dioxide, ozone, sulphur dioxide, and particulate matter. These are electrochemical 

sensors functioning in an amperometric mode. Thus, based on the volume of the gas 

present, the sensors report a linearly proportional current. The sensors are placed at the 

street level and connected to a central server through the IoT. Alongside pollution 

measurements, traffic density measurements next to the sensor location are performed as 

well. A mathematical model that relates traffic density and the AQI is developed. The 

model shows that some gaseous pollutants have a very strong correlation with the traffic 

density.  

 

1.8 Dissertation Structure: 

Based on the content presented, the dissertation has been organized into six chapters. 

The first chapter provides a brief background of air pollution, an explanation of the air 

quality index, a statement of the research problem, and a list of the health effects of air 

pollution and provides the objective of this research. The second chapter provides a 

discussion of the background and literature review, including the related published research 

and different studies about air pollution. In the third chapter, methodology, which is the 

setup of the experiment, is presented, describing the technology and instrumentation which 
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is used in the experiment and in data collection. The fourth chapter presents the data 

collection and the data analysis and then creates a mathematical model for each air 

pollution component. The fifth chapter discusses the results of the data analysis and the 

experimental results and makes a comparison between the results.  Finally, the conclusion 

of this dissertation and future work are provided in Chapter Six.  

MATLAB: 

MATLAB is a high-level language for technical computing, which stands for 

matrix laboratory. MATLAB was created by C programming language and supported by a 

cross-platform operating system. It is considered an easy language to use because it 

integrates computation, visualization, and programming where solutions to the problems 

are expressed in simple mathematical notation. MATLAB has functions such as 

manipulating matrices, generating measurements, analyzing data, scheming data and 

function, performing algorithms, and making a graphical user interface. Also, programs 

that are created in different languages can be interfaced with it. Users from different 

backgrounds, such as engineering, science, and others, use MATLAB and its associated 

toolboxes. MATLAB toolboxes enable users to learn and apply specialized technology 

[21].  In the research, utilizing the MATLAB for data analysis and creating a mathematical 

model for the air pollution components.  
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Chapter 2: Literature Review 
 
 

In this chapter, a discussion of the background and literature review of the related 

published research is provided, along with several different studies about air pollution. This 

chapter additionally describes the monitoring of air quality by using technologies. Some of 

the studies have used the Internet of Things to help in solving this problem.  

According to [2] emissions due to automobile exhausts represent 60 percent of air 

pollution in India.  In addition, many organic chemical compounds, either gaseous or 

particulate or in the combined forms, are contained in these emissions.  Therefore, a two-

month study was done in three locations in the city of Bhopal, India (Govind Pura, T. T. 

Nagar, and Hamidia Road) to monitor air quality pollutants such as PM10, PM2.5, SO2 

and NOx.  The study utilized HVS (APM 460) to get air sampling.  All the pollutants were 

analyzed per Central Pollution Control Board (CPCB) guidelines.  Moreover, they used 

AQI to determine the ratio of the pollutants concentrated in the different places.  Based the 

study results that measured the Air Quality Index throughout the two months, the authors 

always found PM10 and PM2.5 to be more than the permissible limit but NOx and SO2 less 

than the acceptable limit.  The excess of PM10 and PM2.5 cause a lot of environmental risks 

that threaten those with heart disease and respiratory symptoms in the population. 
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Figure 11: Concentration of Parameters in First Month [2]. 

 
 

Figure 12. Concentration of Parameters in Second Month [2]. 

. 
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The Internet of Things can help people to detect the air quality measurement in real 

time.  In [22] by using Internet of Things the author proposes LPWAN sensors that enable 

long range monitoring of air pollution in real-time.  There are five types of smart sensor 

for air pollution.  These sensors can monitor carbon monoxide (CO), ozone (O3), noise 

level (dB), carbon dioxide (CO2), and particulate matter (PM10).  The sensors then 

calculate the AQI and transmit data using LTE technology, NB-IoT to the User as shown 

in Figure 14.  By using a smartphone, the people can monitor the existing website to display 

and monitor air quality.  The measurement was based in two locations: P1 and P2 of the 

city of Bangkok, Thailand for seven days. The AQI result of both locations was 

approximately the same.  The air quality was good; the highest AQI was the last day, but 

it was still good [22]. 

 
 

Figure 13. Block diagram of air pollution smart sensors LPWAN via NB-IoT system [22]. 

 
In this paper [11] researchers valued Air Quality Index (AQI) by measuring the 

average concentration of four pollutants (NO2, SO2, PM2.5 and PM10).  This number was 
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used to compare the prevailing ambient air quality in the location of study.  The status of 

AQI in seasonal and daily readings resulted in different classes ranging from good to 

moderate, acceptable, and unsatisfactory in different AQI computations according to the 

guidelines from CPCB.  The results of this study deduced that PM10 is mainly responsible 

for pollution in this location and was causing serious public health problems for the people 

in the area of study [11]. 

In [23], the study employed the Internet of Things technology to detect vehicle-

produced pollution in real time.  There are two sensors which are used to detect two 

important types of toxic gases produced by gasoline powered vehicles: CO and SO2.  

Moreover, this study utilized a Radio Frequency Identification (RFID) reader system to 

count the passing cars on the road.  The idea of the experiment connected Arduino, which 

is used as a controller system, to receive data from sensors, and the RFID reader.  Then 

Arduino saving the input data in the server as shown in Figure 15. After that it analyzed 

the data coming from the cars; the system will send alerts to the user if the sensor detects 

any pollution [23]. 
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Figure 14. Proposed pollution monitoring system using IoT [23]. 

The need for air quality monitoring is paramount as air pollution has adverse effects 

on human health in both short and long terms. Monitoring the air enables scientists to find 

out the degree of air pollution around the area. The data represents the quality of the air 

that people are breathing daily. Long-term data can uncover patterns that can help support 

air pollution prevention policies [17] [14] [24]. These patterns include spatial differences 

in pollution, which areas of the city are more polluted, and temporal differences, looking 

at patterns of pollution levels during the day or year. Therefore, air pollution monitoring 

itself does not reduce air pollution, but it does show the extent of pollution, the location of 

pollution, and the time of pollution. In cities and towns, fixed air quality monitoring 

equipment is used to measure pollution levels at specific locations [24] [25].  

There is no single definition of what the Internet of Things (IoT) truly is; in any 

case, it is possible to characterize or define the IoT by expounding what the IoT can 
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provide.  The IoT is believed to be the further development of the Internet.  It is going to 

provide a networking infrastructure allowing trillions of devices to collect data and 

communicate with each other [26].  In the common definition, the Internet of Things (IoT) 

is a system of physical objects such as sensors and connectivity that enables transfer, 

collection and exchange of data. Nowadays, the IoT is regarded as one of the most 

significant technologies being developed [12] [27] [28]. 

In this kind of research, IoT technology and mobile air quality monitoring reduce 

costs, extend coverage and provide a much higher level of flexibility compared to 

traditional fixed solutions. Moreover, IoT ease of deployment can offer several important 

advantages, such as early indicators of high pollution zones. The development of IoT 

technology has introduced a series of relatively inexpensive air quality and pollution 

sensors. Many low-end IoT sensors lack the high degree of accuracy that stationary stations 

provide, but they still provide good indicators of air quality and pollution. IoT Sensors can 

naturally send information back to the cloud utilizing a few unique innovations. The most 

widely recognized technique would utilize 3G/4G SIM cards, or in numerous regions, the 

sensors might have the option to utilize LoRa – a low controlled remote arrangement. The 

main appeal of the IoT is that it can give a complete way to understand the severity of air 

pollution so as to better understand the issue and determine measures to set up stronger 

links between regulators, city counselors and citizens. Investing in IoT solutions to 

supervise air quality also has fiscal benefits for government and city managers. Fresher air, 

for example, means that less of the budget is used on health issues linked to air pollution. 

This will help municipalities with city planning and transportation routes to minimize 

hotspot pollution [27] [29].  
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Measurement of the air quality is considered the first step in solving the problem 

of pollution. This section will present some of the research using the Internet of Things to 

help to measure air quality. In this paper [30] the researchers have developed an IoT system 

that can detect air pollution in specific locations and collect data in different environments.  

This data is presented as a pollution route map where travelers can view routes with fewer 

pollutants, which have contributed to various environmental parameters. They distributed 

a thousand plus sensor nodes, which were wireless along street lights sensing humidity, 

benzene, light intensity, temperature, at a university and in its surroundings. They used 

sensors for MQ4, MQ2, MQ135, PM, sound, humidity, temperature, sharp dust, battery, 

wires for connecting, and a connector.  Data was transmitted and stored on a database 

server from where it could be visualized. The experiment was carried out for 30 days for 

the route from Dadri to LalKuan to Vihar and back to through Noida via Great Noida. This 

research has provided an IoT system that enhances collection, monitoring, and analyzing 

quality data on air, making it accessible by the user from different vehicles within an area 

and to providing data showing the quality of air per road. People are provided with valuable 

information on air pollutants and location while commuting by use of the setup that 

forecasts pollutants using real-time and historical data. 

 

In [31]  the authors applied the air pollution index monitor based on the Internet of 

Things. The Internet of Things (IoT) simply consists of web-based enabled devices that 

collect and send data from surrounding environments. IoT devices can collect information 

from different detecting devices and form a network, which is later used in environmental 

protection through the Air Pollution Index (API) monitoring in various fields of 
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intelligence. The IoT has various ways of transmitting information. Among them are the 

most commonly known traditional methods such as Bluetooth, Wi-Fi, twisted pair, and 

optical fiber, among others. However, due to its low power, the WAN the communication 

method is non-designed for use with the Internet. According to research conducted at 

Limerick University, an API monitoring system comprises an antenna node, figures 

transmission system, a cloud databank and a personal computer client application. A 

research test carried out at Limerick University involving a regional air monitoring area 

shows the effectiveness of the monitoring system in connection with the air pollution index. 

Data obtained from the antenna node used a PEB and a gas sensor module. Using Sigfox 

via Sipy, the API data was transmitted. The program of the node mainly comprises a Sigfox 

Socket link purposes that recognizes interpretation and transfers API data. The data is then 

sent to the Sigfox cloud where one can view the back-end and store facts to the database. 

The test results of the research into air pollution index monitoring at Limerick University 

successfully obtained the index of air pollution values, read the data and transferred them 

to the cloud databank. It also completed a real-time data display on the air pollution index, 

node status monitoring and historic facts display among other roles. During the one month 

testing, the node did not run out of power, pointing to the advantages of using Sigfox [31]. 

Therefore, in areas with power outages or low supply, the low power area wide network is 

recommended and more convenient to use, as it does not consume a lot of energy and has 

lower costs. The API monitor built in this research shows that it can efficiently monitor air 

pollution in an area, has long life service and is maintained easily. 

In [32], the research applies the Internet of Things (IoT) to develop a system that 

can track air pollution. The study recognizes that Wireless Sensor Networks (WSNs) have 
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grown in popularity, and they can be integrated with mobile applications to solve public 

problems such as air pollution. The research, therefore, focuses on developing an IoT 

application that can detect air pollution. It utilizes the three-layer architecture of IoT, which 

consists of an application, a sensor, and a networking layer. The air monitoring system 

consists of five tools, which are the Arduino Uno, which serves as the microcontroller, the 

ESP8266, which is the Wi-Fi module, Ubidots as the cloud service, gas sensors, and an 

Android system. Integrating all these five tools will ensure that the air monitoring 

application is effective in collecting, storing, and recovering information to address the 

problem of air pollution. It will also use a global positioning system to collect data on the 

pollution levels in a specific area and alert individuals approaching these hotspots. The 

primary features of IoT air monitoring application is a real-time index of the quality of air 

for a specific place, the timing of various activities for the various recommendations, any 

dips in air quality, reports of air quality, and map generations. The researchers use three 

phases to develop the application: detection of the concentration of air pollution, producing 

an Android app with a user-friendly interface, and prediction of the air quality. The ability 

to show data by the IoT detection system on the application involved drawing a route from 

a user’s source to destination, and then sending an appropriate warning if the pollution was 

high. The researchers identify that the IoT application faces the limitation of carrying out 

complex computations, and in such a situation, the solution is to use fog rather than cloud 

computing. The IoT Mobair Android application is particularly useful to motorists who can 

monitor air quality over an entire route. 

In [33] by using one tunnel in this study as a sample, the researchers analyzed the 

impact of pollutant dispersion at the tunnel entry.  The results of this research show that 



 

 43 

the concentration of pollutants exceeded the ambient air quality standards in a certain area 

near the tunnel gateway.  The researchers in this study found that NO2 concentration is 

observably stronger than that of CO concentration under the same conditions.  Moreover, 

the worst air quality happens in the summer season for several reasons, among them the 

ventilation, the temperature and a lack of wind. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 44 

Chapter 3: Methodology 

 
In an Open Area: 

Air pollution is one of the major problems currently facing urban areas, and one 

large component of this problem is the exhaust emissions from vehicular traffic.  Among 

the chemicals found in these emissions are pollutants such as carbon monoxide (CO), 

nitrogen dioxide (NO2), ozone (O3), particulate matter (PM) and sulphur dioxide (SO2).  

Various methods are used by the Environmental Protection Agency (EPA) to measure these 

chemicals and to determine their concentration. One method uses an Internet of Things 

(IOT) device that provides real-time air quality monitoring, using sensors to measure air 

quality. The location for monitoring air quality is an open area like a street.  This 

experiment will determine the relationship between traffic volume and the Air Quality 

Index (AQI) as determined by EPA guidelines.  This model implemented on one of the 

streets in the city of Melbourne, Florida to sense gases emitted from cars.  Then it analyzed 

the correlation between volume of traffic and Air Quality Index (AQI). 

3.1 Experimental Setup: 
The purpose of this experiment is to model and to analyze pollution data at the 

street level.  The street level is considered the best location to measure gas emissions from 

cars.  The first step of this research was to find available data from an air quality sensor in 

the street.  The air quality sensor was placed in close proximity to Babcock Street.  The 

second step analyzed the air pollution data in the street for each pollutant.  By comparing 

the average of the number of cars for an hour with the average of the air quality data for an 

hour, able to calculate the correlation between them.  Thus, by using MATLAB it is 
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possible to create a mathematical model that can show how the number of cars can impact 

air quality. 

3.1.1 Study Location: 

The experiment was conducted in the city of Melbourne, Florida, in the United 

States, Figure 16 on Babcock Street, as shown in Figure 17.  Babcock Street is one of the 

main streets in the city. In Melbourne, the summers are four months long, hot, with 120 

days above 24°C to 30°C, and wet, with an average rainfall of 6 inches. The winters are 

around two months, cool (with an average temperature of 12°C to 22°C), and windy. Over 

the course of the year, the temperature typically varies between 12°C and 32°C and is rarely 

below 4°C or above 34°C [34]. 

 

Figure 15: Scope of the Study. 
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        Figure 16: Babcock Street. 

3.1.2 Instrumentation: 

Utilizing an Internet of Things IoT device which represents an Air Quality Sensor 

that assists to monitoring the Air quality in real time.  The IoT air quality system which 

was used consists of sensors that enable monitoring of the concentration of pollutants, as 

well as several environmental parameters such as air temperature, humidity and pressure 

as shown in Figure 18. Included, there are sensors for measurements of gaseous pollutants 

(CO, SO2, NO2, O3) and PM-Particulate Matter (PM2.5, PM10). The system collects the 

data and sends them via Ethernet, Wi-Fi, cellular (2G/3G/4G) or NB-IoT interface to a 

central server location as shown in Figure 19. The Air Quality Sensor has some additional 

features, such as firmware parameter management (through which update and retrieval are 

supported), robust casing, low power consumption, and operating range from -40 to +125 

°C.  For data processing and visualization, the system provides an air quality monitoring 
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solution, the main purpose of which is to identify and monitor sources of air pollution.  

The most important data on the sensors used in the air quality measurement system. [35]. 

A Hikvision camera and a Network Video Recorder (NVR) are used to record video from 

an IP camera pointing towards the street. The NVR camera has a hard disk to record and 

save a video for a long time and which could be retrieved at any time [36] [37].  

 
 

Figure 17: Installation in Babcock street. 

 
 

Figure 18: Block diagram of AQ sensor. 
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Carbon Monoxide (CO-B4) Sensor 4-Electrode: 

 

Figure 19: Carbon Monoxide (CO) Sensor [38]. 

 

Table 13. Carbon Monoxide (CO) Technical Specification [38]. 

Performance 
Sensitivity nA/ppm at 2ppm CO 420 to 650 

Response time t90 (s) from zero to 10ppm CO < 30 
Zero current nA in zero air at 20°C +30 to -250 

Noise ±2 standard deviations (ppb equivalent) 4 
Range ppm limit of performance warranty 1000 

Linearity ppb CO error at full scale, linear at zero, 
500ppm CO 

20 to 35 

Overgas limit maximum ppm for stable response to gas 
pulse 

2000 

Temperature range °C -30 to 50 
Pressure range) kPa 80 to 120 
Humidity range % rh continuous 15 to 90 
Storage period months @ 3 to 20°C (stored in sealed pot) 6 
Load resistor Ω (ISB circuit is recommended 33 to 100 

Weight g < 13 
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Oxidising Gas Sensor Ozone + Nitrogen Dioxide 4-Electrode (OX-B431): 

 

Figure 20: Ozone and Nitrogen Dioxide (O3+NO2) Sensor [38]. 

 
Table 14. Ozone (O3) Technical Specification [38]. 

Performance 
Sensitivity nA/ppm at 1ppm O3 -225 to -750 

Response time t90 (s) from zero to 1ppm O3 < 80 
Zero current nA in zero air at 20°C -80 to +80 

Noise ±2 standard deviations (ppb equivalent) 15 
Range ppm O3 limit of performance warranty 20 

Linearity ppm error at full scale, linear at zero and 
20ppm O3 

< ±0.5 

Overgas limit maximum ppm for stable response to gas 
pulse 

50 

Temperature range °C -30 to 40 
Pressure range) kPa 80 to 120 
Humidity range % rh continuous 15 to 85 
Storage period months @ 3 to 20°C (stored in sealed pot) 6 
Load resistor Ω (AFE circuit recommended) 33 to 100 

Weight g < 13 
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Nitrogen Dioxide (NO2-B43F) Sensor 4-Electrode: 

 

 
Figure 21: Nitrogen Dioxide (NO2) Sensor [38]. 

 
 

Table 15. Nitrogen Dioxide (NO2-B43F) Technical Specification [38]. 

Performance 
Sensitivity nA/ppm at 2ppm NO2 -200 to -650 

Response time t90 (s) from zero to 2ppm NO2 < 80 
Zero current nA in zero air at 20°C -80 to +80 

Noise ±2 standard deviations (ppb equivalent) 15 
Range ppm NO2 limit of performance warranty 20 

Linearity ppm error at full scale, linear at zero and 
20ppm NO2 

< ±0.5 

Overgas limit maximum ppm for stable response to gas 
pulse 

50 

Temperature range °C -30 to 40 
Pressure range) kPa 80 to 120 
Humidity range % rh continuous 15 to 85 
Storage period months @ 3 to 20°C (stored in sealed pot) 6 
Load resistor Ω (ISB circuit is recommended) 33 to 100 

Weight g < 13 
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Sulfur Dioxide (SO2-B4) Sensor 4-Electrode: 

 

 
 

Figure 22: Sulfur Dioxide (SO2-B4) Sensor [35]. 

 
 
 

Table 16. Sulfur Dioxide (SO2-B4) Technical Specification [38]. 

Performance 
Sensitivity nA/ppm at 2ppm SO2 275 to 520 

Response time t90 (s) from zero to 2ppm SO2 < 60 
Zero current nA in zero air at 20°C -100 to +100 

Noise ±2 standard deviations (ppb equivalent) 5 
Range ppm limit of performance warranty 100 

Linearity ppb error at 100ppm SO2 , linear at zero 
and 10ppm SO2 

0 to -2 

Overgas limit maximum ppm for stable response to gas 
pulse 

200 

Temperature range °C -30 to 50 
Pressure range) kPa 80 to 120 
Humidity range % rh continuous 15 to 90 
Storage period months @ 3 to 20°C (stored in sealed pot) 6 
Load resistor Ω (ISB circuit is recommended 33 to 100 

Weight g < 13 
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Temperature, Humidity and Pressure (PRHT-A1 and RHT-A1) Sensors: 

 Measurement air quality must be accompanied with correct measure of 

temperature, humidity, and pressure. Using two sensors to provide a digital, corrected 

output of these, direct to the microprocessor via a 2C interface. To measures both 

temperature and relative humidity, used the RHT-A1 sensor. Using a PRHT-A1 sensor to 

measures temperature, relative humidity, and pressure. 

 

Figure 23:Temperature, Humidity and Pressure (PRHT-A1 and RHT-A1) Sensors [38]. 

Table 17. Temperature, Humidity and Pressure (PRHT-A1 and RHT-A1) Sensors Technical 

Specification [38]. 

Performance 
Temperature error oC ± 0.2 

RH error %RH ±2 
Pressure error max hPa/ mbar ±4 

Pressure error typical hPa/ mbar (constant T) ± 0.5 
Pressure error typical hPa/ mbar (-10oC to +50oC) ±1 

Temperature range °C -40to+80 
Humidity range % RH 0 to 95 

Weight g 6 
 



 

 53 

3.1.3 The electrochemical toxic gas sensors: 

Alphasense toxic gas sensors are electrochemical cells operating in the 

amperometric mode. This means that they produce a current that works in a linear 

proportion to the toxic gas's fractional volume, such as CO or H2S. Figure 25 shows the 

structure of a toxic gas sensor schematically. 

 

Figure 24: The three electrodes in a toxic gas sensor [35]. 

As shown in Fig. 25, the electrochemical toxic gas sensor consists of three electrodes: a 

working electrode (WE), a counter electrode (CE), and a reference electrode (RE). All three 

electrodes in the sensor are stacked parallel to each other.  The working electrode is 

designed to optimize or reduce the oxidation of the toxic gas to be measured. By allowing 

the gas to come in contact with both an electro catalyst and an electrolyte, the working 

electrode enables the device to create a three-phase interface of gas, liquid and solid. The 



 

 54 

cell is also composed of two other electrodes, which are the counter electrode and the 

reference electrode, the chemical composition of which is very similar to that of the 

working electrode. As illustrated in Figure 25, in Alphasense sensors, all three electrodes 

are stacked parallel to each other.  The electrolyte cell's role consists of providing ionic 

electrical contact between the electrodes, usually with hydrophilic separators (labelled 

“wetting filters” as shown in Figure 25) to allow capillary transport of the electrolyte which 

is usually sulfuric acid, between 3 and 7 Molarity [35]. 

The electrochemical oxidation (CO, H2S, NO, SO2) or reduction (NO2, Cl2) occurs 

at the level of the working electrode, and the potential of the working electrode can be 

maintained at a fixed value with respect to the reference electrode potential by what is 

called a potentiostatic circuit. Actually, in order to optimize the sensor performance, a high 

surface area catalyst is used, resulting in a high sensor capacitance: typically, 50 to 200mF, 

which, in turn leads to susceptibility to electromagnetic interference. 

Being exposed to the outside air, the working electrode is directly exposed to all 

gases in the air including the gas to be measured. Therefore, if exposed to certain gases this 

electrode may be poisoned. These gases can either absorb onto the catalyst (e.g. acetylene 

onto CO sensors), or react, creating by-products which inhibit the catalyst (e.g. NO2 or 

aromatics onto H2S sensors). This is very similar in nature to the poisoning that occurs in 

fuel cells and car catalytic converters.  

The function of the counter electrode, however, is to create a balance within the reaction 

of the working electrode; that is, where the working electrode oxidizes the gas, the counter 
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electrode must reduce some other molecule to generate an equivalent current, in the 

opposite sense.  

Alphasense toxic gas sensors encompass three electrode systems, the third electrode being 

the reference electrode. This reference electrode serves to maintain the working electrode 

potential in order to ensure that it is always working in the adequate region of the current-

voltage curve – see Figure 26. Thus, it is important for the reference electrode to be working 

at a stable potential to ensure that the working electrode functions at a constant sensitivity, 

with good linearity and minimum sensitivity to interfering gases [35].  

Current- voltage curves  

When the applied potential is varied, the working electrode current changes, which 

generates a current voltage curve; a schematic graph of a typical current voltage curve as 

shown in Figure 26.  

 

Figure 25: Schematic graph of a typical current voltage curve [35]. 
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However, it must be noted that there is a plateau region up to several hundred millivolts 

where the generated current is nearly independent of the applied potential.  Such region of 

the current- voltage curve is known as the diffusion or transport limited current plateau. 

This plateau occurs when the current is controlled totally by the diffusional flux or mass 

transport of the electroactive gas to the working electrode; this flux is independent of the 

potential applied to the electrode. On each side of this plateau region the current is 

controlled via the electrochemical kinetics on the electrode/electrolyte interface and the 

current in these regions is usually exponentially dependent on the electrode potential. The 

toxic gas sensor should be utilized with the working electrode potential in the diffusion 

restricted plateau region so that the output current is not sensitive to the applied potential 

or to small variations in the reference electrode potential (for example, reference electrode 

potentials vary with temperature).  For many toxic gas sensors, when a zero-voltage is 

applied to the working electrode with respect to the reference electrode, it also corresponds 

conveniently to the plateau region. However, certain sensors need a bias voltage to ensure 

NO reduction rather than NO2 oxidation. Electrochemical toxic gas sensors are designed 

to operate in the plateau region to reduce sensitivity to small reference electrode-potential 

changes [35]. 

Controlling range and sensitivity  

The purpose of the working electrode is usually to maximize the current generated 

in response to the presence of an electrochemically active gas, while a gas diffusion barrier 

is installed above the working electrode in order to control the flux of the toxic gas to the 

working electrode. Its function is to control the gas concentration range and the sensitivity 

(expressed as nA/ ppm). The larger the diffusion hole, the greater the sensitivity and the 
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smaller the concentration range. Therefore, by varying the gas diffusion barrier hole size 

Alphasense H2S sensors using the same electrode, for example, have different ranges and 

sensitivities. The size of the diffusion holes usually varies between 0.3 to 10 mm in 

diameter and play an important role in the rate of the absorption of water at the level of the 

electrolyte.  Therefore, it must be remembered that sensors with lower sensitivity and larger 

concentration range dry out slower in low humidity and absorb water slower in high 

humidity [35].   

 

Utilizing a Camera:  

Hikvision’s DS-7604NI-E1/4P-2TB and Network Video Recorder (NVR) was 

chosen to record video using IP cameras in the security system as shown in Figure 27. It 

has high resolution performance (up 6 Mega Pixels camera recording) with incredible 

detail presented in the live and recorded video images. Also, it has Hard Disk Drive with a 

capacity of 2 TB to provide long-time storage of camera recordings. Hikvision also 

provides a mobile application that can save live videos or play back on a phone or a 

computer. This application has more features such as camera management, motion and 

intrusion detection. A Hikvision camera and NVR were used to record video that helped 

us to collect the number of vehicles in the street during the 10 days. The camera NVR has 

a hard disk to record a video for a long period of time and enabled us to go back to the 

video at any time. Software can download it onto a computer or a mobile device. Using 

IVMS-4200 software, the client can manage the camera and use real-time live view, video 

recording, and playback, file or make a backup at any time, and receive alarms. Also, the 

camera includes a statistic features such as counting people, counting road traffic, face 
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retrieval, license plate retrieval, behavior analysis, face capture data statistics, and more 

[36] [37]. 

 

Figure 26: Camera and NVR       

                               

 

             Figure 27: The Camera in Street 
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Chapter 4: Data Collection and Data Analysis 
 

4.1   Data Collection 

The collecting data is considering the first step of the research.  The data were 

collecting from a Babcock street in Melbourne, Florida In United State.  The data of air 

pollution for all gases and numbers of cars was collected for 9 hours a day from 8 am to 5 

pm over a 10-day period.  The IoT device which represents an Air Quality Sensor are used 

to collection the air pollution data and Environment parameters.  A camera is used to collect 

the number of vehicles in the street during the 10 days.  The Air Quality Sensor and Camera 

are located the proximity close the road.  During 10 days of collecting the data of traffic 

density was moderate to high in certain extent, especially in a rush hour.   
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4.1.1 Air Quality Index (AQI) data: 

The AQI is considered one of the best measurements of air pollution. The AQI 

value selected from the maximum value of all gases O3, CO, SO2, NO2, PM2.5 and PM10 

for each hour. Thus, the AQI was measured in real time in the street. The data in Figure 

29, indicates the line chart, the average value of AQI in the street for 9 hours a day from 8 

am to 5 pm over a 10-day period. The data for the AQI value indicates that levels are still 

in the Good level range, which is between 15 ppm and 40ppm. 

 

Figure 28: The average of AQI. 
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4.1.2 Carbon Monoxide (CO) Data:  

CO is considered one of the components of the air pollution that comes from car 

exhaust. Thus, the CO level was measured in real time in the street. According to the Clean 

Air Act and National Ambient Air Quality Standards (NAAQS), the average CO value that 

effects air quality in 8 hours is 9 ppm and for 1 hour is 35 ppm. The line chart in Figure 

30, shows the results for CO, with the average value for each hour of CO in the street for 

9 hours a day from 8 am to 5 pm over a 10-day period. The value of CO is still in the Good 

level range, which is between 2 ppm and 6ppm. 

 

 
Figure 29: The average of CO. 
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4.1.3 Nitrogen dioxide (NO2) Data: 

NO2 is considered one of the components of the air pollution that comes from car 

exhaust. Thus, the NO2 was measured in real time in the street. According to the Clean Air 

Act and National Ambient Air Quality Standards (NAAQS), the average NO2 value that 

effects air quality for 1 hour is 100 ppb. The results for NO2 in Figure 31, shown with a 

line chart indicating the average value of NO2 in the street for 9 hours a day from 8 am to 

5 pm over a 10-day period. The value of NO2 is still in the Good level range, which is 

between 1ppm and 25ppm. 

 
 

Figure 30: The average of NO2. 
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4.1.4 Ozone (O3) Data: 

Ozone (O3) is considered one of the components of air pollution that comes from 

car exhaust. Thus, the O3 level was measured in real time in the street. According to the 

Clean Air Act and National Ambient Air Quality Standards (NAAQS), the average level 

of O3 value that effects air quality in 8 hours is 0.070 ppm. The result for O3 in Figure 32, 

shown by the line chart indicating the average value of Ozone (O3) in the street for 9 hours 

a day from 8 am to 5 pm over a 10-day period. The value of O3 is still in the Good level 

range, which is between 10 ppm and 40ppm. 

 
 

Figure 31: The average of O3. 
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4.1.5 Sulphur dioxide (SO2) Data: 

The SO2 is considered one of components of air pollution that comes from car 

exhaust. Thus, the SO2 level was measured in real time in the street. According to the Clean 

Air Act and National Ambient Air Quality Standards (NAAQS), the average level of SO2 

value that effects air quality 3 hours is 0.5 ppm and for 1 hour that is 75 ppb. The result for 

SO2 in the Figure 33, shown by the line chart indicating the average value of SO2 in the 

street for 9 hours a day from 8 am to 5 pm over a 10-day period. The value of SO2 still in 

Good level range which is between 5 ppm and 30ppm. 

 
  

Figure 32: The average of SO2. 
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4.1.6 Particulate matter (PM 2.5) Data: 

The PM2.5 is considered one of the components of air pollutions. Thus, the PM2.5 

level was measured in real time in the street. According to the Clean Air Act and National 

Ambient Air Quality Standards (NAAQS), the average level of PM2.5 value that effects air 

quality in 24 hours is 35 ug/m3. The result of PM2.5 in the Figure 34 is shown by the line 

chart indicating the average value of PM2.5 in the street for 9 hours a day from 8 am to 5 

pm over a 10-day period. The value of PM2.5 is still in the Good level range, which is 

between 1 ug/m3 and 35 ug/m3. 

 
 

 Figure 33: The average of PM2.5. 
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4.1.7 Particulate matter (PM10) Data: 

The PM10 is considered one of the components of the air pollutions. Thus, the PM10 

level was measured in real time in the street. According to the Clean Air Act and National 

Ambient Air Quality Standards (NAAQS), the average level of PM10 value that effects air 

quality in 24 hours is 150 ug/m3. The result for PM10 in the Figure 35 shown by the line 

chart indicating the average value of PM10 in the street for 9 hours a day from 8 am to 5 pm 

over a 10-day period. The value of PM10 still in the Good level range, which is between 1 

ug/m3 and 12 ug/m3. 

 
 

 Figure 34: The average of PM10. 
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4.2   Data Analysis 

The data analysis is considered the second step of the research.  The air pollution 

data are analyzed for each of the pollutants. By comparing the average of the number of 

cars for an hour with the average of the air quality data for an hour, correlations between 

them are calculated. A mathematical model is developed that shows how the traffic density, 

humidity, pressure, and temperature impact air quality. The mathematical model is based 

on Linear regression analysis. It predicts the value of a dependent variable as a function of 

the set of independent variables. The independent variables in this scenario are Traffic 

Density (TD), Temperature (T), Humidity (H), and Pressure (P).  

4.2.1 Utilized Linear Regression: 

Linear regression analysis is used to predict the value of a dependent variable as a 

function of the independent variable [39]. Linear Regression is considered the most 

common predictive model to identify the correlation between variables.  There are two kind 

of linear regression, simple linear regression and multiple linear regression. Using simple 

linear regression if there is one dependent variable and one independent variable. The 

multiple linear regression is used if there is one dependent variable and two or more 

independent variables.  

The mathematical equation of linear regression is given as:  

𝑦 = 𝑚𝑥 + 𝑐                                ( 6) 

where y (dependent variable), x (independent variable), and c is the slope.  The 

Linear regression explains the best fit for the relationship between the dependent variable 
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and the independent variable [39].  Some software is used to calculate linear regression, 

such as MATLAB, SPSS, and Excel [40].  One of the outputs of regression analysis 

coefficient of determination is R square.  It is construed as the relationship of the variance 

in the dependent variable that is predictable from the independent variable. The coefficient 

of determination ranges R square ranges between 0 to 1. If R square value is 0 that means 

that there is no relationship between the dependent variable and independent variable. If R 

square value is 0.50, that means that 50 percent of the variance in Y (dependent variable) 

is predictable from X (independent variable).  If R square value reaches 1, that means the 

dependent variable can be predicted without any error from the independent variable [40]. 

4.2.1.1 Simple linear regression: 

Simple linear regression evaluations the coefficients a and b of a linear model which 

predicts the value of a one dependent variable and a one independent variable in the 

equation:                      

y = 	a	 + 	bx																                                  (7) 

Where b is the predicted value of y (dependent variable) when it crosses the Y-axis, 

X is the (independent variable) and a is its slope [39]. 

 

4.2.1.2 Multiple linear regression: 

Multiple Linear regression is a model that describe how one dependent variable Y 

depends on two or more of independent variable. The mathematical form for multiple linear 

regression is given by:  

𝑌 = 𝛽! + 𝛽"𝑋" + 𝛽#𝑋# + 𝛽$𝑋$ + 𝛽%𝑋%+𝜖       (8)                                  
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Where, Y is the dependent variable 𝛽!, 𝛽", 𝛽#, 𝛽$, 𝑎𝑛𝑑	𝛽% are regression coefficients which 

unknown value. 𝑋", 𝑋#, 𝑋$, 𝑎𝑛𝑑	𝑋% are the independent variable 𝜖 is the standard error [39]. 

 

4.3 Calculating the Air Quality Index (AQI):    
 Calculating the AQI by using the following formula and EPA guideline: 

AQI	 = Ip = 	 &'(Ihigh−	ILOW	)(Chigh−	CLOW)
( ∗ 	(Cp	 − 	CLOW)+ + 	ILOW        (9) 

where Chigh = Breakpoint concentration greater or equal to given Concentration, CLOW = 

Breakpoint concentration smaller or equal to given Concentration, Ihigh = AQI value 

corresponding to Chigh, ILOW = AQI value correspond to CLOW, Cp= the concentration of 

pollutant p, AQI = Maximum of Ip [9]. 

The AQI value selected from the maximum value of all gases O3, CO, SO2, NO2, PM2.5 

and PM10: [41] 

AQI	 = max		(O3AQI,COAQI,NO2AQI, SO2AQI,PM2.5AQI,PM10AQI)         (10) 
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Chapter 5: Experimental Results & Results Analysis: 

 
Analyzing pollution data at the street can provide an initial and desired insight into 

air quality.  The graphs shown results from existing data from the street.  The results of the 

Air Quality Index of pollutants were collected for 9 hours a day from 8 am to 5 pm over a 

10-day period. In the figures from 36 to 42, the X axis represents the time for 10 days and 

the Y axis represents AQI, and gases like SO2, O3, NO2, CO, PM2.5, and PM10. The air 

quality for all the days on Babcock Street were at a good level. It is clear from the data 

presented that all the data and gases were at a Good level, which is under 50 according to 

the EPA categories of air quality.  

 
 
5.1 Correlation Analysis: 

In this section are presented most of the parameters within experiment that have an 

impact on the air quality index due to car exhaust. MATLAB was utilized to create a 

mathematical model in order to calculate and measure the Air Quality Index of air 

pollution.  Linear Regression is used to determine the creating of this model.  Linear 

Regression is considered the most common predictive model to identify the relationship 

between the variables [39].  

5.1.1 Utilizing Simple Linear Regression: 

To analyze the data, a simple linear regression is used in the experiment because 

there are two variables which are air pollution (AQI) and the number of cars (traffic 

density). After the collection of air pollution data and the number of cars in the street, the 

following linear regression equation is created: 



 

 71 

AQI	= 𝑎	× 𝑇𝑟𝑎𝑓𝑓𝑖𝑐𝐷𝑒𝑛𝑠𝑖𝑡𝑦+ 𝑏         (11) 

The equation (11) is used for all the gases and AQI to see how the number of cars 

will impact the air quality. The camera is used to count the number of vehicles on the street 

for each hour. Using linear regression to determine the correlation between the air quality 

index and the traffic volume in the street, which is the main purpose of the experiment. 

Through the following diagrams and the measurements recorded during the 10 days of 

collecting the data, it can be seen that the Air Quality Index is dependent on the number of 

cars, as shown in Figure 36.  The linear regression equation presenting the relationship 

between AQI and number of cars of AQI as shown in table 18. The R²:  0.7531, or 75 

percent, which is the mean of the number of cars impacting air quality in the street. In 

experiment is considered the gases included in the Air Quality Index as effected by the 

numbers of cars. In Figure 38, the linear regression equation presenting the relationship 

between ozone and number of cars for ozone (O3) as shown in table 18.  The R² = 0.60; 

that means that around 60% of the harmful ozone in the street comes from car exhaust. In 

Figure 37 the linear regression model presenting the relationship between CO and number 

of cars of for CO as shown in table 18.  The R² = 0.5075; thus, the number of cars effected 

around 50% of air pollution in the street. As shown in Figure 39, Figure 40, Figure 41, and 

Figure 42 the results of linear regression show that the NO2, SO2, PM2.5, and PM10 were 

very little effected by the number of cars. 
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5.1.1.1 Simple Linear Regression model for all gases and AQI: 

A Simple Linear Regression is used to create a mathematical model for each of 

the components of air pollution as shown in the table 18. This provides a mathematical 

model showing the relationship between car traffic and gases on the street level. 

Table 18. A mathematical model for all air pollution. 

 

Air Pollutants 

 

Simple Linear Regression model 

AQI AQI = 0.044 * TD + -69.6 

O3 O3 = 0.042 * TD + -66.96 

CO CO = 0.007 * TD + -13.25 

NO2 NO2 = -0.014 * TD + 42.96 

SO2 SO2 = 0.023 * TD + -37.45 

PM2.5 PM2.5 = 0.015 * TD + -22.16 

PM10 PM10 = 0.004 * TD + -7.06 
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5.1.1.2 The R square (R2) for all pollutants:  

By using a Simple Linear Regression to create a mathematical model for each of 

the components of air pollution. This provides a mathematical model showing the 

relationship between car traffic and gases at the street level. One of the model outputs is 

the R square (R2) value of the model as shown in the table 19. The coefficient R square 

ranges between 0 to 1. If R square value is 0 that means that there is no relationship between 

the dependent variable and independent variable. If R square value is 0.50, that means that 

50 percent of the variance in Y (dependent variable) is predictable from X (independent 

variable).  If R square value reaches 1, that means the dependent variable can be predicted 

without any error from the independent variable [40].  In this table 19, the value of the R2 

is high in AQI, O3, and CO . That means there was a high correlation found between the 

independent variables and the dependent variable. The R2 value of NO2, SO2, PM2.5, and 

PM10 were very little effected by the number of cars. 

Table 19. R square (R2). 

 

Air Pollutants 

 

R square (R2) 

AQI 0.71 

O3 0.60 

CO 0.50 

NO2 0.064 

SO2 0.35 

PM2.5 0.028 

PM10 0.039 
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5.1.1.3 Correlation between dependent variable and independent variable:  

5.1.1.3.1 Linear regression for AQI: 

The linear regression analysis shows the relationship between AQI and Cars which 

is as shown in Figure 36. There is a relationship between the number of cars and the air 

quality index in the street. 

  
 

Figure 35: Linear regression for AQI. 
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5.1.1.3.2 Linear regression for CO: 

The linear regression analysis shows the relationship between CO and Cars which 

is as shown in Figure 37. There is a relationship between the number of cars and the air 

quality index in the street. 

 

Figure 36: Linear regression for CO. 
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5.1.1.3.3 Linear regression for O3: 

The linear regression analysis shows the relationship between O3 and Cars which 

is as shown in Figure 38. There is a relationship between the  ozone emission from car 

exhaust and the air quality index in the street. 

 

Figure 37: Linear regression for O3.  

 

 

 



 

 77 

5.1.1.3.4 Linear regression for NO2: 

The linear regression analysis shows the relationship between NO2 and Cars which 

is as shown in Figure 39. There is little relationship between the number of cars on the 

street and the air quality index in the street. 

  

Figure 38: Linear regression for NO2. 
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5.1.1.3.5 Linear regression for SO2: 

The linear regression analysis shows the relationship between SO2 and Cars which 

is as shown in Figure 40. There is a relationship between the number of cars and the air 

quality index in the street. 

 

Figure 39: Linear regression for SO2. 
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5.1.1.3.6 Linear regression for PM2.5: 

The linear regression analysis shows the relationship between PM2.5 and Cars which 

is as shown in Figure 41. There is a relationship between the number of cars and the air 

quality index in the street. 

  

Figure 40: Linear regression for PM2.5. 

 

 

 



 

 80 

5.1.1.3.7 Linear regression for PM10: 

The linear regression analysis shows the relationship between PM10 and Cars which 

is as shown in Figure 42. There is a relationship between the number of cars and the air 

quality index in the street. 

  

Figure 41: Linear regression for PM10. 
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5.1.2 Utilizing Multiple Linear Regression (MLR): 

The purpose of this study is to use Multiple Linear Regression (MLR) to create a 

mathematical model and to analyze pollution data on the street. There are other factors that 

influence the concentration of pollutants, especially in open areas, such as wind speed, 

humidity, and temperature. As mentioned in section 3.1.1, the experiment was installed on 

one of the main streets in the city of Melbourne, Florida, in the United States as shown in 

Figure 43. This street is considered the most important street in Melbourne. The first phase 

of this study was to find existing data from an air quality sensor in the street. The air quality 

sensor was located in close proximity to the road.   

 

 
 

Figure 42: Main street in Melbourne city. 

The second phase was the analysis of the air pollution data from an air quality 

sensor in the street for each pollutant.  By comparing the average of the number of cars for 

an hour with the average of the air quality data for an hour, that able to calculate the 
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correlation between them.  Thus, by using data to create a mathematical model that was 

used to show how the traffic density, humidity, pressure and temperature can impact air 

quality.  The streets are considered the best way to obtain good data regarding pollutants 

such as O3, CO, NO2, SO2, PM2.5, and PM10.  Linear regression analysis is used to predict 

the value of a dependent variable to the independent variable. Linear Regression is 

considered the most common predictive model to identify the correlation between the 

variables. The independent variables in the experiment are Traffic Density (TD), 

Temperature(T), Humidity (H), and Pressure (P). The mathematical multiple Linear 

Regression (MLR) model is given as:  

𝑌 = 𝛽! + 𝛽"𝑋" + 𝛽#𝑋# + 𝛽$𝑋$ + 𝛽%𝑋%+𝜖            (12) 

where Y is the Air quality index for all the air pollution (AQI, O3, CO, SO2, NO2, PM2.5, 

and PM10). 𝛽!, 𝛽", 𝛽#, 𝛽$, 𝑎𝑛𝑑	𝛽% are regression coefficients which have unknown values. 

𝑋", 𝑋#, 𝑋$, 𝑎𝑛𝑑	𝑋% are the independent variables Traffic Density (TD), Temperature (T), 

Humidity (H), and Pressure (P).  𝜖 is the standard error [29]. 

For calculating the AQI values for all air pollution, the following equation from the EPA 

guidelines was used: 

AQI	 = Ip = 	 /0 ()high*	)LOW	)("high*	"LOW)
1 ∗ 	 (Cp	 − 	CLOW)3 + 	ILOW        (13) 

                                           

where Chigh = Breakpoint concentration greater or equal to given Concentration, 

CLOW = Breakpoint concentration smaller or equal to given Concentration, Ihigh = AQI value 
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corresponding to Chigh, ILOW = AQI value correspond to CLOW, Cp= the concentration of 

pollutant p, and AQI = Maximum of Ip [39] 

The AQI value selected from the maximum value of all air pollution O3, CO, SO2, 

NO2, PM2.5 and PM10 : [40] 

AQI	 = max		(O3AQI,COAQI,NO2AQI, SO2AQI,PM2.5AQI,PM10AQI)         (14) 

 

 

5.1.2.1 MLR Results for AQI: 

Table 20 provides the result of the multiple linear regression model for the AQI.  

One of the model results is the R square (R2) value of the model, also called the coefficient 

of determination adjusted for generalization. In this example, the value of the Adjusted R2 

is 0.76. That means there was a high correlation found between the independent variables 

and the dependent variable. 

Table 20. MLR Results for AQI. 

 
MLR Model 

 
Multiple R 

 
R Square 

 
Adjusted R 

Square 

 
Standard Error 

 
AQI 

 
0.87 

 
0.74 

 
0.75 

 
2.51 
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5.1.2.2 MLR Results for Ozone (O3): 

Table 21 provides the results of the multiple linear regression model for Ozone 

(O3). One of the model results is the R square (R2) value of the model, also called the 

coefficient of determination adjusted for generalization. In this example, the value of the 

Adjusted R2 is 0. 67.  That indicates a high correlation between the independent variables 

and the dependent variable. 

Table 21. MLR Results for Ozone (O3). 

 
MLR Model 

 
Multiple R 

 
R Square 

 
Adjusted R 

Square 

 
Standard Error 

 
O3 

 
0.82 

 
0.67 

 
0.66 

 
3.51 

 

 

5.1.2.3 MLR Results for CO: 

Table 22 provides the results of the multiple linear regression model for CO. One 

of the model results is the R square (R2) value of the model, also called the coefficient of 

determination adjusted for generalization. In this example, the value of the Adjusted R2 is 

0.60. That means there was a positive correlation found between the independent variables 

and the dependent variable. 

Table 22. MLR Results for CO. 

 
MLR Model 

 
Multiple R 

 
R Square 

 
Adjusted R 

Square 

 
Standard Error 

 
CO 

 
0.77 

 
0.59 

 
0.57 

 
0.64 
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5.1.2.4 MLR Results for SO2: 

Table 23 provides the results of the multiple linear regression model for SO2. One 

of the model results is the R square (R2) value of the model, also called the coefficient of 

determination adjusted for generalization. In this example, the value of the Adjusted R2 is 

0.43. That means there is high correlation between the independent variables and the 

dependent variable. 

Table 23. MLR Results for SO2. 

 
MLR Model 

 
Multiple R 

 
R Square 

 
Adjusted R 

Square 

 
Standard Error 

 
SO2 

 
0.65 

 
0.42 

 
0.40 

 
2.90 

 

5.1.2.5 MLR Results for NO2: 

Table 24 provides the results of the multiple linear regression model for NO2. One 

of the model results is the R square (R2) value of the model, also called the coefficient of 

determination adjusted for generalization. In this example, the value of the Adjusted R2 is 

0.69. That means there is high correlation between the independent variables and the 

dependent variable. 

Table 24. MLR Results for NO2. 

 
MLR Model 

 
Multiple R 

 
R Square 

 
Adjusted R 

Square 

 
Standard Error 

 
NO2 

 
0.83 

 
0.69 

 
0.67 

 
3.06 



 

 86 

 

5.1.2.6 MLR Results for PM2.5: 

Table 25 provides the results of the multiple linear regression model for PM2.5. One 

of the model results is the R square (R2) value of the model, also called the coefficient of 

determination adjusted for generalization. In this example, the value of the Adjusted R2 is 

0.39. That means there is correlation between independent variables and dependent 

variable.  

Table 25. MLR Results for PM2.5. 

 
MLR Model 

 
Multiple R 

 
R Square 

 
Adjusted R 

Square 

 
Standard Error 

 
PM2.5 

 
0.62 

 
0.39 

 
0.36 

 
6.83 

 

5.1.2.7 MLR Results for PM10: 

Table 26 provides the results of the multiple linear regression model for PM10. One 

of the model results is the R square (R2) value of the model, also called the coefficient of 

determination adjusted for generalization. In this example, the value of the R2 is 0.76. That 

means there is correlation was found between independent variables and dependent 

variable. 

Table 26. MLR Results for PM10. 

 
MLR Model 

 
Multiple R 

 
R Square 

 
Adjusted R 

Square 

 
Standard Error 

 
PM10 

 
0.672 

 
0.42 

 
0.42 

 
1.79 
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5.1.3 Summary of MLR Results and Analysis: 

In this section, analyzing collected data used a linear regression to estimate 

unknown variables for air pollution. The results of the Air Quality Index of pollutants were 

collected for 9 hours a day from 8 am to 5 pm over a 10-day period. A mathematical model 

was created in order to calculate and measure the Air Quality Index of air pollution. To 

analyze the data, used a simple linear regression (SLR) and a multiple linear regression 

(MLR).  As mentioned in section 5.1.1, simple linear regression (SLR) was used because 

there is one independent variable which is a traffic density (number of cars) and one 

dependent variable which is air pollution. Therefore, A mathematical model was created 

to show how the gas emissions from car exhaust will impact on air quality. Moreover, A 

multiple linear regression (MLR) in experiment because there are more than two 

independent variables, which are, traffic density, temperature, Humidity, and Pressure. 

After collected air pollution data and the number of cars in the street, then create the 

multiple linear regression model as shown in table 27, for all air pollution to show how the 

independent variables will impact on air quality, where TD: Traffic Density, T: 

Temperature, H: Humidity, P: pressure. 
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Table 27. Multiple Linear Regression Model. 

Air Pollution Multiple Linear Regression Model 

AQI 𝐴𝑄𝐼 = 62.72 + (−0.014 ∗ 𝑇) + (−0.076 ∗ 𝐻) + (−0.117 ∗ 𝑃)
+ (0.041 ∗ 𝑇𝐷) 

O3 𝑂3 = −717.8 + (0.45 ∗ 𝑇) + (−0.179 ∗ 𝐻) + (0.667 ∗ 𝑃)
+ (0.033 ∗ 𝑇𝐷) 

CO 𝐶𝑂 = −13.4 + (0.008 ∗ 𝑇) + (0.027 ∗ 𝐻) + (−0.004 ∗ 𝑃)
+ (0.008 ∗ 𝑇𝐷) 

SO2 𝑆𝑂2 = −598 + (0.48 ∗ 𝑇) + (0.024 ∗ 𝐻) + (0.54 ∗ 𝑃) + (0.021
∗ 𝑇𝐷) 

NO2 𝑁𝑂2 = −272 + (−0.123 ∗ 𝑇) + (0.2166 ∗ 𝐻) + (0.273 ∗ 𝑃)
+ (−0.0026 ∗ 𝑇𝐷) 

PM2.5 𝑃𝑀2.5 = 4115 + (−1.29 ∗ 𝑇) + (0.50 ∗ 𝐻) + (−4.13 ∗ 𝑃)
+ (0.026 ∗ 𝑇𝐷) 

PM10 𝑃𝑀10 = 1090 + (−0.28 ∗ 𝑇) + (0.148 ∗ 𝐻) + (−1.10 ∗ 𝑃)
+ (0.0078 ∗ 𝑇𝐷) 

 
 

Table 28. Result of MLR Model. 

 
Regression Statistics 

MLR Model Multiple R R Square Adjusted R 
Square 

Standard Error 

AQI 0.87 0.76 0.75 2.51 

O3 0.82 0.67 0.66 3.51 

CO 0.77 0.59 0.57 0.64 

SO2 0.65 0.42 0.40 2.9 

NO2 0.83 0.69 0.67 3.06 

PM2.5 0.62 0.39 0.36 6.83 

PM10 0.67 0.45 0.42 1.79 

 
 
 



 

 89 

Table 27 and 28 present the Multiple Linear Regression (MLR) model for all air 

pollution. By using this model, there is a strong correlation between independent variables 

such as temperature, humidity, pressure, and traffic density and air pollution for 10 days 

from the data collected in the street. The MLR model shows the most air pollution impact 

from the independent variables AQI, NO2, O3, and CO. 
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5.2  Comparing between Simple Linear Regression (SLR) and 

Multiple Linear Regression (MLR): 
 

Table 29 compares the R Square results of Simple Linear Regression (SLR) and 

the R Square results of Multiple Linear Regression (MLR) for all forms of air pollution 

being considered. The R square value in Simple Linear Regression (SLR) tells us that there 

is a correlation between the traffic density and air pollution. The R square value in Multiple 

Linear Regression (MLR) tells us that there is a correlation between the dependent variable 

and the independent variable of air pollution. As seen in Table 29 and Figure 44, the results 

of Simple Linear Regression showed that the NO2, SO2, PM2.5, and PM10 were very little 

effected by the number of cars. The R Square in the MLR Result showed that the NO2, 

PM2.5, and PM10 were remarkably affected by independent variables such as temperature, 

humidity, pressure, and traffic density. 

 
Table 29. R Square of SLR Model and MLR Model. 

 
SLR Model 

 
R Square 

 
MLR Model 

 
R Square 

AQI 0.71 AQI 0.76 

O3 0.60 O3 0.68 

CO 0.507 CO 0.60 

SO2 0.35 SO2 0.43 

NO2 0.064 NO2 0.70 

PM2.5 0.028 PM2.5 0.39 

PM10 0.039 PM10 0.45 
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Figure 43: Comparing between SLR and MLR. 
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Chapter 6: Conclusion and Future Work 

  

Nowadays, due to advances in IoT technology, it has been possible to solve several 

problems in human lives. One of these problems is air pollution, which is considered a big 

challenge to minimize.  One of the health effects of air pollution is respiratory problems 

such as coughing, congestion, chest pain, and throat irritation; it also worsens respiratory 

diseases such as asthma, bronchitis, and emphysema.  This dissertation presented a 

methodology which is designed to effectively quantify the presence of outdoor air pollution 

in the street, identify the essential components that affect this issue, and gauge the trends 

of the pollutant emissions from car exhaust.  Specifically, this dissertation is based on the 

IoT technology to monitor and analyze the air pollution data outdoors.  The electrochemical 

gas sensors measured the value of carbon monoxide, nitrogen dioxide, ozone, sulphur 

dioxide, and particulate matter. The air pollution data were collected on one of the streets 

in Melbourne FL, to sense gases emitted from car; traffic density was measured, as well. 

Indeed, the research determined the relationship between traffic volume and the Air Quality 

Index (AQI) as determined by EPA guidelines. A mathematical model was established via 

MATLAB using the linear regression models for each one of pollutants. The model shows 

that some gaseous pollutants have a very strong correlation with traffic density. Finally, 

results of the simple linear regression model were compared with the results of the multiple 

linear regression model. From this comparison, it is clear that the air quality was also 

extremely affected by independent variables such as temperature, humidity, pressure, and 

traffic density. The research shows that the availability of having an air pollution index 

monitoring device is very essential since the pollution of air is a problem that every 
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country” is facing worldwide.  The objective of this research was the measurement of the 

Air Quality using a set of inexpensive electrochemical sensors.  An Internet of Things (IoT) 

device was used to monitor air quality in real-time to effectively enable the large-scale 

utilization of low-cost sensing stations over a wider territorial domain.  People and the 

government should become more cautious and invent ways of reducing the pollution 

through campaigns and creating public awareness of the dangers of air pollution.  These 

inexpensive electrochemical sensors will provide more accurate information to regional 

officials in a timely manner.  This information would enable city planners, local politicians, 

and other interested parties to do what is necessary to make the overall air quality of their 

environment much better in the future. 

 

Future Work  

There are some possible methods to improve and extend the work provided 

throughout this study.  For example: It is possible to develop the work of this study for a 

longer time, such as a month or more of reading the data to get more accuracy and to further 

examine the performance of the equipment.  Additional improvement of this study could 

involve comparing between the air pollution data in the summer season and another season. 

This study could also be performed in other outdoor and indoor environments such as 

highways, parking lots, and tunnels.  Moreover, in the future, this device can be modified, 

to provide extra features such as adding a screen to display the information concerning air 

pollution data and the environment in real-time.  Designing a mobile application to display 

the air pollution level for users with a simple interface that makes it easy to understand the 
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air pollution value in the specific area would be very beneficial. In addition, assisting 

sensitive groups or people who want to avoid the area most effected by air pollution might 

prevent illness and preserve health. 
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