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Abstract - The country of Oman is according a high importance to the environment protection. In the last decades, the 

urbanization rate has seen a great growth which increased the mobility of citizens. The number of cars has increased with a 

high rate as a result. The pollutant elements emitted by the cars can threaten the air quality in the country especially in the 

city of Muscat.  The project aims to develop a smart solution that supports the realization of a sustainable parking area. The 

solution can be implemented for any parking and can have a positive environmental impact in the country of Oman. By 

monitoring the environmental factors, the awareness about the pollution issues can be increased among car owners and 

appropriate decisions can be taken by senior management. The monitoring tool is a user friendly web application. Different 

types of sensors are collecting the environmental measurement data and sending it to the cloud. The result will be provided 

through a clear dashboard. The system will also provide access to the historical data collected with some analysis which can 

help to understand the progression of the air quality and the trend for the next years. The system being analyzed will have a 

positive impact for the country of Oman by supporting the Environment researches being conducted and providing them 

accurate data on the air quality in different cities. 
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I.INTRODUCTION   

 

Air pollution has been the object of many researches 

aiming to highlight the most important factors that are 

threatening the environment safety. This issue is now 

having more and more importance due to the 

expansion of the urbanization and industrialization 

[2]. During the past 4 decades, Oman has knew a very 

fast urbanization rate growth which reached in 2009, 

84% [2]. Dispersed settlement in Muscat and the 

transition from rural to urban for some other areas are 

not the only examples of the great urbanization 

development in Oman. The population also has 

increased. According to [3], the city of Muscat has 

around 800,000 citizens in 2018 followed by Seeb 

with approximatively 240,000 citizens and Salalah 

with approximatively 165,000 citizens.  

The business functions has been distributed between 

many cities. Add to this fact, the increasing number 

of citizens contributed to the high mobility that the 

country is facing the last few years. The citizens are 

relying on the car as a primary transportation mode if 

not the exclusive one.   

According to [9], the total number of vehicles that 

registered during the past five years is more than 

635,000 as shown by the statistics prepared by Oman 

News Agency (ONA). Most of these vehicles are 

private cars ( 74.1%). 

Air pollution can be known as the release of toxic 

substances to the atmosphere. [11]. Many elements 

can be considered as pollutantssuch as :  

Volatile organic compounds (VOCs), carbon 

monoxide (CO), ozone (O3), nitrogen oxides (NOx), 

and Sulphur dioxide (SO2),…Oman is one of the 

countries that give the environment conservation big 

importance. Keeping the air quality clean and protect 

it from various sources of pollution represents a 

major global concern. The United Nations (UN) 

Environment Program has considered Oman to be 

one of the best countries in environmental care based 

on some insured records.[3] This project is willing to 

support the Environment protection efforts in the 

country of Oman by increasing the awareness about 

the air pollution degree. It will also help the senior 

management for any company to take decisions 

regarding in order to protect its surrounding. In this 

project proposal, we are going to describe a smart 

solution that aims to display in real time the 

monitoring data for the most important pollutant 

elements in a parking using a user friendly dashboard. 

In a parking, the air pollution is very high especially 

during pick hours. The system will be installed in the 

parking area of one organization in order to draw the 

attention of the senior management and the citizens to 

importance of the issue. 

II. SYSTEM GOALS 

 

The proposed project will have important positive 

impact for the country of Oman. 

The user friendly dashboard showing the 

environmental pollutant element details will help the 

senior management in one organization to control its 

surrounding quickly. More details about the collected 

data from the saved history along with analysis can 

also help them to understand the trend of the issue 
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and how serious the issue will be in the future. The 

senior management can then take their decisions 

easily, especially when deciding to expand, regarding 

planting trees or any other solution that can limit the 

pollution effect. 

The system will also have a positive impact on 

increasing the citizen’s awareness about the 

environment status. The dashboard will be designed 

to be used for any user. It will show summarized, 

clear and understandable information about the air 

pollutants without need for being a chemist expert.  

The car owner can then give more importance to this 

subject by checking whether his car is emitting any 

kind of pollutants since this will affect his health.  

The proposed work will also support the 

sustainability research in smart cities. It can help the 

country to have an inventory of environment 

conditions in different cities in Oman after 

coordinating with different organizations having 

installed the system. Many other researches have 

already been conducted and continuing in the country 

in order to preserve the good air conditions.  This tool 

can contribute to the success of these researches 

providing them with accurate data about the current 

pollution status in different places. The historical 

information saved can also give an important idea 

about the trend of the issue. 

 

Study of ISO standard regarding environment 

monitoring systems 

The proposed system can be classified as part of an 

environment monitoring system (EMS). In order to 

design such system, it is important to know the 

developed standards for the environment monitoring 

systems in general. The proposed system will support 

the EMS by providing smart features implemented 

using IoT blocks.  

ISO has defined the ISO 14000 family of standards 

concerning the environmental management. ISO 

14001 defines the criteria for an EMS. It illustrates 

the framework that can be followed by any 

organization independently of its size and type. [15] 

 The clause 9 of the standard is “Performance 

evaluation”. It includes three parts: ”Monitoring, 

measurement, analysis and evaluation”, “Internal 

audit” and “Management review”.  

 

Monitoring, measurement, analysis and evaluation of 

the environmental performance must first determines 

the factors that need to be monitored and the 

indicators that will be evaluated.   It must also 

indicate when an analysis of the measurements will 

be done. The organization must have adequate 

monitoring equipment for its studied environmental 

factors. The relevant environmental performance 

information must be communicated internally and 

externally. The documentation of the monitored data 

and its analysis is necessary in this sub-clause.  [6] 

The results of the environmental performance 

analysis should help the senior management and the 

decision makers in the organization to take 

appropriate actions. [6] The proposed system is 

designed in order to support an EMS to monitor, 

measure and analyze the environment quality of the 

organization’s surroundings as specified by 

ISO140001 standard and more precisely the first part 

of clause 9. 

 

Design of the proposed system 

The system will be developed based on Internet of 

Things (IoT). It is an advanced technology that is 

having a considerable success world widely in the last 

years. [12] 

According to ITU-T Y.2060 recommendation 

(06/2012), IoT is considered to be as a global 

infrastructure for information community enabling 

for multi services by the interconnection of virtual 

and physical things based on evolving 

communication and information technologies.[7] 

The proposed system is formed by four main 

components:  

 The environmental sensors and IoT cameras: The 

IoT device consists of actuators and sensors, 

Raspberry Pi and open hardware Arduino.  

 Temperature sensor: measures the heat amount 

by detecting any change and sends the digital 

information to another device for processing. 

 Gas sensors are deployed to monitor the air 

quality by detecting the changing amount of 

various types of gases. [13] 

 Humidity sensor: it measures the amount of 

Humidity in the air. When any change in the 

humidity amount is detected, a digital 

information will be sent to the processing device. 

[13] 

 USB Cameras can capture the image and streams 

it in real time to be processed by a computer. The 

USB technology is used in the data transferring. 

In our example, it will be connected to raspberry 

pi before being sent on the network (Sensor 

gateway 1).  [1] 

 

The Sensor Node and the sensor Gateway : The IoT 

gateway transmits the sensing data to the cloud via 

the internet. The sensor node is the microcontroller 

that will aggregate the data collected by the different 

sensors. Arduino mega 2560 can be used for the 

sensor node. Raspberry pi will be used for the sensor 

gateway to forward the gathered data from the sensor 

node to the network and also to connect to the USB 

cam. 

 The cloud server: The data captured by the 

sensor is processed in the cloud , resulting the 
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IoT device actuators to actuate through the IoT 

gateway.   

 The web application: the real time dashboard. It 

is a web application that will get the real time 

information from the cloud. The data will be 

stored in a database for later analytics. 

 

 
Fig.1. Architecture of the Real Time dashboard based on IoT 

technology. 

 

III. CONCLUSION 

 

The environment monitoring especially in the parking 

area of any organization is very important to preserve 

the health and wellness of its employees and 

customers. ISO has defined standards regarding the 

implementation of an EMS. The current paper studies 

the aims and design of an environment monitoring 

tool which will support the EMS implementation 

according to ISO 14001 standard (clause 9).  The 

project is based on IoT technology. It will provide 

smart features and help the decision makers in any 

organization to take the appropriate actions to save 

the environment. It will also help the employees and 

customers of the organization to have valuable 

information regarding the environment in which they 

are living. 
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