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Abstract:  

Purpose: megacities traffic has become a dilemma on both the governmental and social sides. 

Hence, developing a comprehensive strategy that administrates traffic optimization and control is 

a forceful solution that could resolve the traffic problems especially in those cities, which should 

transform into smart cities. The Intelligent Transportation System (ITS) is considered as one of 

the Internet of Things (IoT) schemes that offers various authentic applications to deal with the 

challenges of optimizing and controlling the traffic, traditionally, by using sensor-based structures 

for gathering traffic information.  

Methodology: the key aim of this research paper is to offer a pioneer combining strategy that uses 

the Big Data Analytics (BDA) tool with the traffic models, which combines Traffic Flow 

Optimization Model (TFOM) methods to record collected data from both smart and traditional 

vehicles through BDA. Using a case study of Alexandria that is considered one of the megacities 

and highly-crowded in Egypt.  

Findings: the designed combined strategy will help in future predictions in linear megacities in 

Egypt. The traffic predictions in such a city are very useful as smart devices will facilitate the travel 

time reduction, and help in developing a settling for traffic problems.  

Originality/value: the proposed strategy might be appropriate with the traffic networks in 

Alexandria for detecting the expected traffic bottlenecks and problems in order to find a smart 

solution to optimize and control the traffic. 
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1. Introduction 

Megacities especially in developing countries are facing absolute rapid growth in population which 

is reflected in the traffic magnitude, which leads to major problems regarding traffic jams, 

accidents, etc. However, developing countries like Egypt face critical challenges that require the 

recommendation of fresh ideas for optimizing and control the traffic in their megacities. Smart 

cities' tools develop promptly like the growth of the Internet of Things (IoT) strategies (Hassanin, 

2020). The “smart world” is the core vision of IoT, this smart world is developed by smart 

components and sensing equipment. Intelligent Transportation System (ITS) is considered one of 

the IoT applications, which reflects the transportation systems that also use Information and 

Communication Technology (ICT) to reduce traffic jamming problems and illustrate the other 

problems that could be raised later (Hassanin, 2020; X. Zhu & Guo, 2017). Integrated ICT with 

transportation management enables a better, safer traveling experience and movement to ITS 

(Guerrero-Ibáñez et al., 2018). 

The IoT is considered a useful tool that could be used to overcome traffic congestion problems. 

(Shadroo & Rahmani, 2018), its classical structure is distributed to three main layers: perception, 

network, and application layer (Erguler, 2015). Hence, transportation means are used as data 

creator tools which are considered one of the examples of the application layer to develop ITS 

scheme. Although, ITS generates a huge amount of data obtained from varied springs like sensors, 

smart cards, and/or videos. the amount of data produced is developed from trillion-byte level to 

petabyte. With such a complexity, normal data processing schemes are ineffective, and cannot deal 

with the data analysis.  

On the other hand, Methods like Big Data (BD) that refers to the massive data volumes (Gohar et 

al., 2018; Wilkin et al., 2020). It is produced by diverse stages that can help varied aspects from 

nascent phases to smart city projects on a real-time basis. In addition, it can help governments to 

make well-organized and uncomplex decisions in systems that need the participation of a huge 

number of decision-makers (Modgil et al., 2021). Therefore, nowadays, the integration of Big Data 

Analytics (BDA) in ITS fields is one of the research focuses, as ITS can benefit from such resolved 

data storage, analysis, and management problems (L. Zhu et al., 2019). As high volume, velocity, 

and/or variety information assets that entail cost-effective and novel methods of data processing 

to empower boosted perception, automation, and decision making, BD is widely considered as a 

precious source that can offer prompt statistics and reporting concerning refining performance 

(Wilkin et al., 2020).  

The capacity and accessibility of data in the ITS lead to the need for data-dependent methodologies 

(Kaffash et al., 2021), Those data composed of structured, semi-structured, and combined data 

gathered from novel data assembly systems (Zhu et al., 2018). BDA contains many processes such 

as collecting, processing, managing, analysing, and visualizing the continuously progressing data 

(Kaffash et al., 2021; Shadroo & Rahmani, 2018; Yu et al., 2021). Therefore, this paper designs a 

conceptual combined strategy that integrates the traffic optimization models specifically Traffic 

Flow Optimization Model (TFOM) with BD tools such as BDA for achieving traffic controlling 

and optimization. The rest of the paper is arranged as follows: the next section represents the 

background information that is related to the main scientific area regarding the topic discussed. 

Afterward, the clarification of the method used to create the proposed strategy. The final section 

illustrates the conclusion of the paper. 
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2. Background Information 

The idea of IoT was firstly proposed by the Massachusetts Institute of Technology executive 

director _Kevin Ashton_ in 1999 (Shadroo & Rahmani, 2018; Tang et al., 2018), and is defined as 

exclusively distinguishable interrelated objects with Radio Frequency Identification (RFID) (Tang 

et al., 2018). IoT applications are deploying rapidly, as recently, several applications are getting 

technologically advanced in the supply chain, logistics, transportation, inventory control, security, 

healthcare, and privacy field (Mehta et al., 2018). Regarding the IoT pervasion, it is significant to 

analyse the existing literature and update the prospect research schema accordingly (Lu et al., 

2018). Reference (Diwaker et al., 2019) believed that for real-time traffic situations within traffic 

management services, the ITS considered part of the general applications of the IoT. ITS has been 

developed in the early 1970s as a future trend of transport systems. ITS incorporates developed 

various technologies and integrates them into the transportation system such as data transmission, 

e-sensors technologies, and intelligent control. service enhancement for drivers and passengers is 

the main purpose of ITS regarding the transportation system (L. Zhu et al., 2019). Accordingly, in 

the last 20 years, various ITS applications such as logistics, public transport information services, 

smart parking, traffic management and control, and speed limit observation are the transportation 

elements applied in smart cities. 

In the field of traffic control, with the development of ITS are extensively deployed, traffic big 

data has broadly recognized including driver behaviours, vehicles, and infrastructure with Global 

Positioning System (GPS), Closed-Circuit Television (CCTV), detectors, Integrated Circuit (IC) 

cards, smartphones and other smart and electronic devices (Zeyu et al., 2017). Reference (Shadroo 

& Rahmani, 2018) recognized that four major stages formulate BD and IoT fields, which are 

storage, transmission, processing, and analysis. Cox and Ellsworth introduce the “Big Data” 

concept that is defined as the huge volume of data that basic database models and tools could not 

collect, process, and analyze (Kaffash et al., 2021). BD describes data that have increased rapidly 

in amount and types enabled by equipment such as RFID scanners and GPS sensors that create, 

collect, store and share volumes of various data, as well as the growing use of smartphones and 

the internet (Wilkin et al., 2020). 

In the last decade, BD has grabbed significant awareness in the commercial field owing to its 

ability to settle economical obstacles and discover innovative paths (Modgil et al., 2021). Hence, 

it might be used to advance the IoT efficiency and storage problems regarding massive data 

volumes, besides the transmission, analysis, and processing of the data volume on the IoT (Shadroo 

& Rahmani, 2018). the decision-making process regarding the BD-independent depends on BD  

activities strings that consist of collection and preparation that impact decision-making 

performance. The preparation and collection of BD are robustly connected with big data relational 

and contractual governance that make them vital to enrich BDA (Shamim et al., 2020). 

 

3. Methodology 

Models such as the Traffic Flow optimization model (TFOM) that is developed by (Hassanin, 

2020), which are considered an applicable model due to their reasonable price and ease of 

maintenance.it depends on the integration between infrared (IR) and RFID technology. In this 

model, a warning message is transmitted in time for both kind of vehicles, traditional vehicles 

which reflects the dominant number of cars in the Egyptian cities, and smart vehicles which are 

equipped with a GPS technology in order to obtain the exact location. Consequently, TFOM is a 

reliable model which puts into consideration the two types of vehicles as they could not target only 
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smart vehicles as both types are on the same trajectory. However, the problem is that the traditional 

vehicles do not have GPS, therefore, those vehicles relate to RFID technology to be capable to 

connect all. Therefore, potential traffic congestion is avoided, and drivers have rerouting options 

to avoid congestion without being doubtful of which route to follow as some drivers become 

uncertain about other routes directions. 

This paper suggests that BDA could enhance such a model through its ability to collect, manage, 

process, analyse, and visualize the continuously evolving data and also help in decision making 

and prediction. This strategy could be applied effectively if both vehicles send the collected data 

to the BDA to give a decision, and finally visualize the data. As TFOM sends a message to the 

drivers to give a warning or rerouting option message, it could also send a message to the BDA 

decision centre as it will collect those data for further processing and help in making reliable 

decisions as the BDA will store the collected data for further use as in the Egyptian case, there is 

a lack of traffic information and records. Although that Egypt has several tracking firms depending 

on GPS, none of those firms store or provide useful data for further processing as they provide 

only live tracking for the purpose of vehicle security or online fleet management. Moreover, Egypt 

cannot rely on GPS technology only as this technology has several prospective deficiencies, due 

to rise buildings, tunnels, probability of data forfeiture owing to slight satellite visibility (Basyoni, 

2016). Therefore, keeping traffic records by using BDA is very useful and will help in future 

predictions. 

Alexandria is considered the second capital of Egypt due to its nature, culture, importance, and 

location as it is located on the Mediterranean Sea with two of the crowded Egyptian ports. 

Accordingly, Alexandria is suffering from various traffic issues owing to the rapid growth in 

transportation demand due to various manufacturing areas, cars dependency culture, and an 

increase in car ownership use (Hassan & Goodson, 2020) shown in figure (1) which indicate that 

the total number of licensed vehicles in Egypt in 2019 was 11.5 million, while figure (2) shows 

that Alexandria is positioned in the third-place after Cairo and Giza governorates concerning the 

number of vehicles in 2017 according to the last statistics available on the Central Agency of 

Public Mobilization and Statistics (CAPMAS-2020). So in Alexandria, the traffic system is 

completely suffering from uncontrolled user behaviors that need to be controlled and predicted to 

solve that messy conditions. 

 

3.1. Integration Strategy 

Due to all previously stated reasons and the frequent increase in population, this paper recognized 

the absence of traffic information available, on-time decision, and future prediction. Regarding 

megacity like Alexandria, therefore, this paper suggests the integration between the TFOM model 

and the BDA tool, in order to overcome traffic congestion and also to help in future prediction, as 

the BDA system is desired to improve and solve any problems or obstacles at the right the time 

due to its integrated structure. Elements of ITS data analysis aim to provide different information 

and management/control measurements, using the collected traffic data from the central station to 

evaluate traffic conditions and provide the necessary response as explained in the next section. 

The proposed BDA integration with the TFOM model will be applied when The Central Stations 

_developed in the TFOM model_ send all the information to the BDA for further processing in 

two aspects decision making and prediction. Those data are gathered from RFID stickers attached 

to the vehicles that are developed by the Egyptian traffic control unit, which are also used by the 

TFOM model that represent location, velocity, waiting time, etc.  
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The BDA center will be allocated in traffic units which are located in Mena, Abees, El Agamy, El 

Kebarey, El Montazah, Moharram Bey, Margham, Borg Al Arab, Abu Humus, and Qotour. 

Additionally, those stations will be decentralized stations for better, easy, and efficient data sources 

in both decision-making and prediction for their traffic regions. On the other hand, all visualized 

data will be sent to the Alexandria main traffic unit for the purpose of final approval and 

implementation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: the total number of licensed vehicles in Egypt from 2010 to 2019 

 

 

Figure 2: the top five Egyptian governorates according to the number of licensed vehicles in 

2017 
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3.2. Strategy Formulation 

i.Data acquisition is the preliminary phase, which is responsible for gathering all unprocessed data 

from the central station and also validating the results. 

ii.Verified data will be sent to the pre-processing units, to be able to diagnose inconsistencies in 

data noise, consistency, and repeated resulted from frequent and varied sources. In this step, 

periodical and non-periodical traffic congestion are detected. If the data were periodical, then it 

will follow the upcoming steps, otherwise, it will be directed directly to the prediction unit. There 

are several pre-processing techniques used in BD systems such as Integration, cleansing, and 

redundant data elimination. 

iii.Although, redundant data elimination minimizes the volume of reduplicated needless and 

unnecessary data to enhance the data broadcasting, consistency, reliability, and data storage 

optimization. 

iv.Filtered data is then guided to the Data Analysis Unit that is considered as the authoritative phase, 

responsible for discovering concealed information and neglect inadequate noise and backgrounds 

due to its complex nature to convert this information into statistical readable information such as 

accidents rate, congestion frequency, violence ratio, etc. that supports decision-making. 

v.The processing unit will process the recognized data, then transfer it for the next phase which is 

the Extraction Unit. 

vi.The extraction Unit represents the process of extracting information according to its quantitative 

nature. For example traffic violence, geographical traffic congestion areas, accidents, etc. Which 

determines data affiliated with predefined categories. 

vii.At that time, the data acquiesced to BDA units, which will split the input data into smaller bits 

for further processing. Finally, those data will be visualized for the responsible via various 

methods through Data Visualization Unit. 

viii.Data Visualization Unit accelerates the decision-making and prediction process through simple 

tables, charts, and graphical illustrations. 

As mentioned before, the integrated strategy shown in figure (3) is responsible for decision-

making and prediction. Firstly, the decision-making is fragmented into two different decisions in 

time decision-making and future decision-making. The in-time decision is an immediate decision 

that helps in suggesting rerouting options to the drivers, otherwise, the future decision is 

responsible for long-term decisions and strategy. Secondly, traffic prediction helps to prevent 

unfortunate events like traffic congestion or other errors on roads. 
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Figure (3): DBA integrated strategy flow chart 

 

4. Discussion 

The BDA applications could be applied in every business sector, as those applications could be 

helpful in science, technology, politics, e-government, security, safety, marketing, supply chain, 

Human Resources, and health. According to the literature reviewed, the real-time traffic data 

generated from ITS applications, which is considered as BD, represent one of the future aspects of 

transport system elements applied in smart cities. In turn, the research community has to direct 

their thoughts to this kind of research that concentrates on converting city services to be smart, 

coping with the current and novel technological technics. In a similar manner, this paper suggests 
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an integrated strategy that incorporates traffic optimization methods by using TFOM as a 

combined model. The strategy flow chart has been developed to support the applicable steps of the 

strategy. This integrated strategy optimizes the TFOM technics and adds more value to the 

information gained by such a model.  

However, the strategy proposed could be scaled up with more ITS applications such as (Mathew, 

2019) navigation directions; transit routes and schedules; and information about delays due to 

weather conditions, congestion, road repair work, or accidents, which all considered as advanced 

traveler information systems that support drivers with real-time data. In addition, vehicle-to-

vehicle (V2V) and Vehicle-to-infrastructure (V2I) communication that enables integration among 

assets in the transport structure. Despite the remarkable implications regarding this research, there 

are still some limitations worthy such as this research is applied only on main roads in Alexandria, 

and the traffic unit is the main dominant for making decisions and predictions while neglecting 

private companies that may be great beneficiaries from those data. 

 

5. Conclusion 

Megacities especially in developing countries due to the higher population, some problems arise 

in regard. However, these problems pinpoint the shortage, struggle, and obstacles facing the 

transportation networks which lead researchers to think about the traffic into smart cities. The 

implementation of this idea will enhance citizen’s quality of life in addition to the increased use of 

the internet and its applications parallel with the use of smart cell phone, which will make it a 

better and inexpensive opportunity to collect information from those applications as they work as 

sensors which is the base for the IoT. As mentioned, ITS is considered one of the IoT applications, 

but the major problem facing this theory is the huge amount of data generated from such a system. 

Hence, BD's booming concept growth leads to great opportunities in all smart cities' applications 

such as ITS. 

BDA is one of the BD tools which enhance the performance of traffic controlling and optimization 

by helping in the improvement of collecting, analyzing, storing, and processing the huge amount 

of traffic data for decision making and predicting purposes. Accordingly, possible prospective 

research could be addressing such issues as it needs to be applied to real quantitative data. The 

importance of the BDA and tools became more essential and need to be used on broader scope 

away from ITS, which includes other applications of IoT. 
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