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ABSTRACT 

In the last half century, the world population migrated from villages to cities due to lack of facilities, education 

institutes, medical services and job opportunities in the remote areas. Due to this migration the big cities are under pressure 

to remain live-able and healthier because population increasing quickly as compare to the services infrastructure. As the 

city’s population increasing very rapidly and demand for the civic facilities remains very high. One of the major addition is 

the road traffic which become the big contributor in air pollution and make the environment very unhealthy. In modern era, 

it is important to persistently monitor the environmental pollution of city to make it healthier and live-able. Internet of 

Things (IoT) with smart sensor system is the solution which can be used to monitor the city for various purposes and one 

of them is the pollution monitoring in big cities. Sensor system can be installed and managed by integrating with IoT and 

be monitored by sitting in city central office. In this research work, a framework for air quality monitoring is proposed to 

monitor environmental pollution for the smart cities by using IoT and smart sensors. The proposed system is capable to 

measure the humidity, carbon emission, temperature, smoke, sound and other hazardous particulate in the atmosphere and 

send the measurements to city central office where it is analyzed for further actions for the betterment of city environment. 

Collected data is banked in a data bank for future use and also can be shared with other research institute and 

environmental agencies. 
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1. INTRODUCTION 

Sound, industrial waste, traffic noise and noise 

pollution is considered a big contributor to the 

environmental pollution. Air pollution is considered one of 

the most contributor in the environmental pollution which 

affect the human health very badly. The climate change 

scientists and environmentalists have great concerns in 

consequence of the air pollution and climate change in the 

whole world [1]. Due to the discharge of the numerous 

lethal gases from road traffic and from industrial waste not 

only creating the dangerousness for the city’s environment 

but also for the sea life as well. In the last fifty years the 

world population migrated from the villages to the big 

cities to get more facilities and job opportunity.  Due to 

this reason the cities are under pressure with increasing 

population to provide them the daily life facilities in 

adversely the environmental pollution is increasing very 

rapidly and the cities are becoming unhealthy due to the 

road and industry pollution.  

Health problems are increasing due to the poor air 

quality like stroke, lung cancer, heart diseases and 

respirational infections like asthma [2]. Due to bad air 

quality in big cities, it creates major health risk for the 

city’s population. Every year Millions of the premature 

deaths worldwide are reported in WHO’s report because 

of environmental issues [3]. Worldly powers are focusing 

to keep environment healthier and having various 

conferences and meeting to reduce the carbon emission 

[4]. To keep environment healthier and livable, it is very 

important to monitor air quality index regularly [6-8]. 

 

 
 

Figure-1. Sensor applications in smart cities. 

 

To provide healthy lifestyle to the citizen, 

governments are working to build smart cities for the 

purpose of monitoring environment and road traffic. For 

the purpose of building smart cities different government 

agencies are working to build communication network 

with the support of smart sensor system and Internet of 

Things (IoT). To handle the environmental pollution and 

keep environment healthier smart wireless sensors and 

intelligent systems are installed embedded with IoT to 

monitoring the air quality index in real time. Real- time air 

quality monitoring systems are installed in the cities, IoT 

enabled WSN technology is the future for the smart cities 

[8]. Live data is collected from installed sensor systems by 

using Internet of Things (IoT) and analyzed at central 
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office to take further actions for the betterment of the city 

environment. The one-time installation is cost efficient 

and reduces the mobility of the hardware at different 

locations for monitoring purposes. Various hardware kits 

are available for this purpose which gather information 

from environment and process it to be transmitted via IoT 

to the base station for further investigation [10], an open 

source cloud platform named Thing Speak is available for 

data storage and retrieval by using hypertext transfer 

protocol (HTTP) over IoT. IoT is great revolution in 

technological area which serves as global network of 

smart and intelligent physical objects which is capable to 

exchange information with each other, observing the 

privacy of the individuals. As the sensor prices are 

reducing due to novel technologies but still it cost lot as 

for the monitoring purposes hundreds thousands of sensors 

are needed to monitor any phenomena [11, 23]. The smart 

sensors are the physical objects which are capable to sense 

the desired phenomena in the deployed area and it contains 

processing unit, sensors and UAV with smart cameras and 

sensors, is connected by using internet, wired or wireless 

connectivity [12]. By using the IoT and smart sensor 

systems with common physical objects to build smart city 

environment monitoring system which help to create 

healthy and safe environment. By implementing and 

installing the proposed system for the purpose of building 

smart and intelligent cities in which environment index 

can be easily monitoring and further actions are 

recommended. The proposed environment monitoring 

system will work by using secure IoT architecture design 

and presented system have benefit to monitor and control 

things remotely and fetch real time information from the 

environment whenever and wherever needed. The 

framework proposed in the research work consists of multi 

sensor nodes which are controlled by microcontroller and 

the collected data transmitted to the control room by using 

IoT based connectivity for further processing. 

 

2. LITERATURE REWIEW 

With the use of smart sensor system embedded 

with IoT promises to social life betterment in the area of 

civic services and smart cities. These smart systems are 

capable to be deployed in the various areas such as public 

health, vehicles, homes, cities, agriculture, hospitals, 

public buildings and any place wherever and whenever 

monitoring is required.  A handsome amount of research 

work is done by researchers in the field of environment 

monitoring for healthy living and better lifestyle using 

WSN [13]. The authors proposed the WSN based system 

for monitoring and controlling environmental applications. 

In [13], author proposed the system to monitor humidity 

and temperature of surrounding area and used the ZigBee 

technology for the communication to the base the station. 

In [14], researchers proposed the system based on wireless 

sensor network to monitoring temperature and humidity in 

the farm area to detect the region which growth with 

extraordinary likelihood. 

 
 

Figure-2. Internet of Thing based solution for pollution 

monitoring. 

 

The authors in [15] used wireless sensor based 

system for the monitoring purposes in coffee factory and 

proposed system is capable to monitor humidity and 

temperature along with the level of hazardous gases like 

nitrogen dioxide (NO2), sulphur dioxide (SO2) and carbon 

dioxide (CO2). 

 

 
 

Figure-3. The system architecture testbed [17]. 

 

In [16], authors suggested environmental 

monitoring system for the purpose of monitoring rain 

water and soil, the collected information is used for further 

studies to enhance crop yields.  The system proposed in 

[17] monitors the soil moisture, humidity and environment 

temperature and communication data every 5 minutes to 

the base station. 

The proposed systems by many researchers are 

capable to detect limited number of gases in air which are 

harmful to the environment and human health. Some 

published work addressed the issue of noise pollution as it 

is also considered major concern for healthy life in the 

cities. Various proposed systems are using Zigbee for the 

purpose of communication and it is very useful for the 

monitoring the environment. In [18], the researchers 

developed a wireless based system of monitoring system 
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for the purpose of measurement of air quality in the 

environment. In published work, the authors proposed the 

system which measures the air quality consists on 

hardware, firmware and software solution and developed 

system is using Arduino platform based on network 

gateway to connect sensor nodes to the base station by 

using Internet of Things (IoT).   

 

3. METHODOLOGY AND PROPOSED  

    ARCHITECTURE 

Monitoring of the big city environment and 

taking precautionary measures are very important to keep 

environment liveable and viable. The proposed framework 

architecture in this research work is capable of monitoring 

air pollution in the environment by using smart sensor 

system embedded with Internet of Things (IoT). The 

proposed system architecture comprised “n” number of 

fixed sensor, moveable sensors and unmanned aerial 

vehicles (UAV) which are equipped with smart sensor 

system for various purposes. The proposed system 

architecture is more adaptive and distributed in nature and 

proposed architecture to be comprised on different layers 

for management purposes. The first layer of the proposed 

system is the sensing devices which can directly collect 

information from environment where it is deployed as 

shown in the Figure-4 below. The installed sensors 

monitor noises, air pollution, temperature, humidity and 

gases from the environment and process collected 

information to be forward to upper layer. Second layer of 

the proposed system handles sensor nodes which transfer 

sensed data to the base station. The proposed devices in 

the system are operated and controlled with respect to the 

importance, range and sensing duration. For the purpose of 

handling devices, an alert generated to the base station, 

defined by using a threshold value. Then from base station 

the processed data is forward to the server by using 

Internet of Things (IoT) as shown in Figure-4. 

 

 
 

Figure-4. Air quality monitor system based on IoT 

and smart sensors. 

 

Block diagram of the proposed system is given 

below in Figure-5, which comprises various modules that 

consists of various type of sensors for measuring CO2, 

humidity, temperature, NO2, noise sensor and VOC sensor 

which input directly to the controller. 

 

 
 

Figure-5. Block diagram of the RF sensor unit. 

 

The proposed smart system framework is shown 

below in Figure-6 which consists various modules for 

processing and data storage server for data processing 

purposes.  The framework shows that sensors are 

connected directly with cellular system for quick 

communication with the base station. The smart sensor 

system measures the phenomena from the surrounding 

environment and compute initially processing to reduce 

communication overhead. Processed information directly 

sent to base station by using IoT connectivity link for 

further analysis and to propose further actions to be taken 

by the environment monitoring agencies. The   analysed 

data is saved with the time stamp for future use for 

research purposes and recommendations. 

 

 
 

Figure-6. Framework to monitor air quality by using IoT. 

 

The Figure-7 shows the flowchart of the control 

and processing layers, as sensor nodes sense the 

information from the environment and process it at the 

nodes to refine the data to reduce the transmission 
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overheads. It shows the sensor nodes start measuring the 

information from the environment when there is any 

change or any event happened. The processed data sent to 

the controller after processing for further processing and 

storage to take further actions. 

 

 
 

Figure-7. Flowchart of the control and processing layer. 

 

The Figure-8 below shows the working principle 

of the proposed system for the purpose of air quality 

monitoring and taking necessary actions based on the data 

analysis. After power on the sensors load the libraries on 

the sensor nodes for collecting the data and processing it 

to be send to controller. Then the system check the 

connectivity with base station to transmit the processed 

data to the controller for further processing. Server receive 

the data to store on the server for visualization in real time 

for analysis. 

 

 
 

Figure-8. System flowchart. 

 

The fundamental objective of air quality 

monitoring is to collect data that can be used to make 

informed decisions to manage and improve the 

environment. The main goal of the proposed system is to 

monitor the pollution in the smart cities which generated 

by various factors in the cities. The proposed algorithm is 

used to monitor the environment to control air pollution in 

the big cities. The developed framework is an integrated 

climate monitoring system for environment in smart cities 

that combines information gathered from sensors and other 

connected devices.  

 

4. CONCLUSIONS 

Due to migration to the big cities from remote 

area for the betterment of life facilities and avail 

opportunities has increased significantly in last couple of 

decade. This migration increased the city’s population 

rapidly as compared to the civic facilities in the cities. The 

increased in city’s population put lot of pressure on the 

city’s environment to remain live-able and healthier. One 

of the major addition is the road traffic which become the 

big contributor in air pollution and make the environment 

very unhealthy. In this research a framework is proposed 

for monitoring air pollution in the city environment and 

take actions according to collected data from sensor 

system. The proposed framework is capable to monitor 

measure the Humidity, Carbon emission, temperature, 

smoke, sound and other hazardous particulate in the 

atmosphere. In the future work the proposed framework 

will be tested by using the simulation and installing the 

number of sensor nodes in various area of the city to 

collect real time data. Based on the real time data, the 

working principle and finding will be presented in 

upcoming article. 
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