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Abstract  

The increase of congestion in the urban environment has become a major problem. The traditional 

traffic control methods with poor administration of human resources do not moderate traffic, 

resulting in increased traffic congestion and road violations. The intelligent transportation system 

(ITS) can guarantee safety, efficiency, and sustainability for large-scale vehicle traffic issues. In 

order to ensure the smooth flow of traffic, ITS combines machine learning with the existing 

traffic control system and provides a real-time strategy. Several researchers have shown great 

work with different optimization techniques in intelligent traffic police management and 

deployment. However, it remains necessary to compile such an impressive effort as a whole. In 

light of these facts, we present a comprehensive review of the state-of-the-art technology for the 

development of a three-tier solution classification in machine learning. The first tier contains 

several tools and methods for collecting traffic statistics. The second tier focuses on the accuracy 

of the machine learning algorithms, forming a pattern for the acquired data, and then provides 

important data on traffic flow, congestion levels, and so on. Various traffic planning techniques 

are covered in the third tier, the most essential layer of taxonomy. The proposed review also 

examines the usage of traffic police schedules which develop the application of this evaluation in 

different areas. Finally, some of the major challenges are discussed and further improvement is 

initiated. 

Keywords: intelligent transportation system (ITS), machine learning, reallocation, traffic 

management, traffic police 

1. Introduction 

Recently a significant problem has emerged in metropolitan areas due to the rapidly increasing 

population and the number of vehicles, traffic obstructions, and overcrowding. Traffic jams and 

congestion issues affect public regular life on a two-fold basis and increase travel costs directly 

[1]. Nowadays, the progress of information and communication technology (ICT) and the growth 

of Artificial Intelligence (AI) applications have prepared the road for ITS evolution [2]. This 

https://njccs.journals.ekb.eg/


 

10 
 

development is aimed at providing new road transport services, including mobility control, 

infrastructure, vehicles, traffic congestion management, etc. This includes mostly wireless 

sensors and computing technology applied with AI capability [3]. Figure 1 displays classification 

in the application domains where ITS is utilized. In major smart cities, ITS offers various 

functions including traffic management and safety. These include automatic road enforcement, 

emergency vehicle alert systems, changeable speed limits, flexible sequences of traffic lighting, 

collision early termination systems and pollution controls, parking advice, weather reporting 

systems, deletion of bridges, and shifting systems leading to smooth vehicle flow [4]. However, 

the ITS does not have the aspect of human resources and management resources. The traffic 

police are the core of traffic management for all cities and, thus, their scheduling and 

reorganization based on the different densities of traffic is primarily necessary to tackle the 

growing issue of traffic congestion. In this paper, we have reviewed the traffic management 

system based on machine learning technology, which ensures that human resources, time, 

money, and fuel are used optimally in order to build sustainable smart cities [5]. 

 

 

 

 

 

 

 

 

 

 

 

 

The main reason for this work is to examine the planning and the distribution based on real-time 

traffic density based on machine learning. Currently, the traffic police are statically allocated, 

where regions are allocated [6]. But the steady increase of traffic at the crossroads leads to traffic 
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congestion during early hours of the day or on festivals or at public meetings. In addition, the 

installation of the traffic signal equipment at the smaller junctions lowers space and even causes 

expensive maintenance. The necessity of the hour is for effective management and uniform 

deployment of available traffic police at the intersection before traffic congestion reaches the 

maximum level. Furthermore, a rise in the number of traffic fines issued by traffic cops lowers 

the incidence of deadly road accidents [7][8]. 

The rest of the paper is structured as follows. Section 2 depicts traffic police management for 

ITS. Section 3 describes the applications of intelligent transportation systems. Section 4 

discusses the research challenges and issues, and finally, Section 5 concludes the paper. 

 

2. Traffic Police Management for ITS 

The smart cities approach is filled with many concepts which focus largely on saving money and 

time while keeping a decent health ratio and building a sustainable environment that makes 

people's lives easier. Unfortunately, traffic congestion problems become a major cause of stress, 

resentment, and a worsening health situation. The increasing number of cars, lapses such as bad 

traffic control management, and the lack of infrastructure are drivers for increased congestion. 

Intelligent planning initiatives rely significantly on techniques for traffic congestion control. It is 

aimed towards decreasing people's transmutation time and improving safety and comfort [9].  

With movement as a major problem, dynamic traffic lighting management, real-time simulated 

computing, and smart traffic police implementation allow large-scale transport networks to be 

better regulated. In addition to the growing idea of smart cities, ITS combines these systems and 

is an important and trendy component [10]. ITS includes machine learning-based collection of 

data, intelligent applications, analytical techniques, smart and dynamic algorithms of scheduling, 

and workable protocols These leveraging technologies assist manage the hardware components 

and human resources accessible through software techniques rather than hardware alterations, 

given that they demand considerable investments in their installation and maintenance. From 

now on ITS ideas will assist to solve the traffic congestion problem in managing traffic control 

equipment, assignment, and scheduling of existing traffic control personnel as per the actual 

traffic circumstances [11] [12]. 

As a move toward this intelligent traffic control system, there are several ideas in the following 

literature. Table 2 describes the previous efforts in the planning of the transport police force and 

its limits. 
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3. Traffic Management Applications 

During the sustainable development of the smart city, many applications exist for traffic police 

planning. There are a few usage scenarios and circumstances that benefit from efficient traffic 

police scheduling [18]. Figure 2 offers an example of additional areas in which the scheduling of 

traffic management might be useful. Some of the previous applications are presented in Table 2. 

Table 2: The previous efforts in the planning of the transport police  

Reference Year Objective Contribution Limitation 

The traffic police 

location and 

schedule 

assignment 

problem [13] 

2014 

Increase the visibility of 

traffic police in hotpots 

and proactive police 

activities 

creates optimum 

coverage systems for 

patrol vehicles with halo 

effects and MAXMIN 

integer linear problem 

The volume of traffic 

is not real time 

A multi-criteria 

police districting 

problem for the 

efficient and 

effective design 

of patrol sector 

[14] 

2015 

Efficient patrol sector 

planning to decrease 

effort, reaction time, etc. 

provides rapid 

patrolling for the crime 

predicted at a certain 

place 

Policing distribution 

based exclusively on 

crime prediction 

Genetic 

algorithm for 

optimizing 

routing design 

and fleet 

allocation of 

freeway service 

overlapping 

patrol [15] 

2018 

Minimize the mean 

response time for 

incidents 

A complete, nonlinear 

mixed integral coverage 

and overlap of the patrol 

design and fleet design 

pattern based on genetic 

algorithms 

There is no stochastic 

planning for the 

Freeway Service 

Patrol (FSP). 

An approach for 

the police 

districting 

problem using 

artificial 

intelligence [16] 

2018 

Responding to real-time 

monitored events with 

efficient traffic police 

location and timetable 

assignment 

Human component 

assigns priority levels to 

AI-based traffic police 

deployment based on 

real-time events. 

Large amounts of 

data slow down the 

algorithms and make 

changes 

unrecognizable. 

Analysing the 

police patrol 

routing problem: 

a review [17] 

2020 

Discuss possible 

solutions for interactive 

police patrols. 

Detailed examination of 

several ways to 

resolving the problem of 

police patrol routing 

There is a lack of 

cost-effectiveness 

and an effective 

crime preventive 

impact. 
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3.1. Emergency vehicle routing 

Ambulances, police vehicles, fire trucks, and other emergency vehicles must be at the scene of 

the incident within seconds. However, the bulk of underdeveloped countries have no dedicated 

roads for emergency fleets, and they are caught in huge traffic [19]. The traffic police, therefore, 

need to contact their colleagues in advance and clear the road in order to understand the best 

potential route for these emergency vehicles. When faced with unanticipated changes, the 

following scheduling aid will assist restricted traffic and patrol police platforms in making a 

rapid and effective routing of the emergency vehicle. The authors in [15] proposed a new concept 

of boundary based on graph theory, utilizing 0-1 programmatic programming; the Dijkstra 

algorithm; and the Shortest Path Tree(SPT) setting out the confinement pattern.  

3.2. Ensuring traffic regulations 

The increase in death rates due to increased deaths from accidents concerns emerging 

countries. The highway accident mortality rate is mostly driven by ignorance of the 

Traffic 

Management 

Applications 

Figure 2: Traffic Management Applications 
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regulations on road safety and the rise in emergency car response times due to congestion 

problems. In order to decrease road accidents, the government has to introduce severe traffic 

regulations including frequent vehicle inspections, thorough driving license inspections, and 

medical fitness of drivers. In order to provide rapid emergency response services during road 

catastrophes, governments of all nations should develop and upgrade their paved road 

networks and also effectively control road congestion. The authors in [20] showed the 

country's wise comparison, together with the advantages and drawbacks of its road traffic 

control system, of road traffic deaths and their determinants. 

3.3. Accident Prevention 

One of the main reasons for this increased fatality rate is road accidents. According to 

government data, more than 1.5 people died from road accidents with the major cause of 

over-speed, and 5.8 percent of the road deaths included driving on the incorrect side. The 

usage of mobile phones accounted for 2.4% of fatalities, while 2.8% of dead people were 

intoxicated driving [21]. One main objective of the intelligent management assistant is to 

minimize the accident rate through traffic control. According to [22], it would encourage 

direct interaction of the deployed forces with cars for driving license check, car registration, 

and road tax clearance to cover maximum nodes or junctions with current deployed patrol 

elements. Vision contact should be part of the speed control, drink and drive cases of the 

vehicle, and rash conduction at junctions. Even if it is difficult and inaccurate to eliminate 

accidents in real practice, it may be reduced by wise use of the traffic force. 

3.4. Faster traffic clearance 

The sudden traffic congestion situation will be presented by a clever traffic police aid system 

to inform the police of possible recommendations and a rapid map. In addition, a simple 

software click would transmit alarm messages to the neighboring traffic forces and clear the 

traffic lock within seconds instead of hours by its synchronized operations. Due to traffic 

mismanagement, developed countries' economies suffer enormous monetary losses. A 

simulation-based traffic management system has been developed by authors in [23] which 

mitigated damages without modifying the current road infrastructures. Fast congestion 

clearing saves money, leads to smoother traffic flow, which in the final analysis minimizes 

mental stress and environmental impacts. 
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Table 2: Traffic Management Applications 

Reference Year Objective Application Contribution Limitation 

Genetic algorithm for 

optimizing routing 

design and fleet 

allocation of freeway 

service overlapping 

patrol [15] 

2018 

Reduce the 

average response 

time of highway 

patrol vehicles. 

Overlapping FSP 

method for 

emergency vehicle 

routing and incident 

response time 

reduction 

A mixed-integers 

complete genetic 

algorithm patrol 

routing design 

covering and 

overlapping 

There is no 

stochastic FSP 

planning. 

Road traffic fatalities 

and its determinants in 

high-income countries: 

a continent-wise 

comparison [20] 

2019 

Investigate the 

relationship 

between road 

traffic deaths 

and the impact 

of road safety 

enforcement. 

Road Traffic 

Fatalities (RTFs) 

reduced by the 

implementation of 

traffic regulations  

Different approaches 

for expanding the 

paved road network 

and ensuring strong 

enforcement of traffic 

regulations in various 

locations were 

investigated. 

There is no 

connection between 

the economic 

consequences of 

road traffic deaths 

and economic 

growth. 

An application of 

genetic algorithm 

method for solving 

patrol manpower 

deployment problems 

through fuzzy goal 

programming in traffic 

management system: a 

case study [22] 

2012 

In a traffic 

control planning 

horizon, lower 

traffic rule 

violations and 

accident rates. 

Accidents can be 

avoided by strictly 

enforcing road safety 

regulations while 

being monitored by 

traffic cops. 

A genetic algorithm 

increased the fugitive 

objective of 

programming the 

correct deployment of 

patrolling in different 

metropolitan roads. 

Personnel 

deployment 

difficulty in dealing 

with traffic in 

complicated 

emergencies 

Traffic scheduling 

simulation: the case of 

Dhaka City [23] 

2017 

Optimally 

improve the 

traffic control 

system without 

modifying the 

hardware 

With the aid of an 

effective traffic 

management system, 

traffic may be cleared 

faster. 

To decrease the 

expense of traffic 

congestion, a 

simulation-based 

traffic scheduling 

system has been 

developed. 

Consider the cross-

section of a road 

with the same 

number of lanes on 

both sides. 

 

4. Challenges and Issues 

The common traffic management strategies suffer from some challenges and issues that need 

to be tackled. The performance, reliability, precision, and schedule configurations created as 

a result by the traffic police are immediately affected. Below are some of those common 

problems. 

4.1. Data collection 

Data from many sources, such as video cameras, GPS (Global Positioning Systems), OBUs 

(On-Board Units) and RSUs (Road-Side Units), sensors, and cell towers can be gathered. 

However, it is difficult to integrate heterogeneous data with these large data to establish 

standard information. It is extremely difficult to correct the data received from multiple 

independent systems from the same source into one source. The utilization of this data in a 

practically centralized vehicle environment is another important problem [24]. In addition, 
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data from these devices may contain personal ownership information that reveals 

confidentiality. To secure sensitive information from intrusions during data transfer, a 

security mechanism is necessary [25]. The inefficient layout of road networks, traveler 

information systems, and vehicle control systems poor traffic management systems remain 

important problems for traffic-related data collection. 

4.2. Data analysis 

A huge volume of data has to be processed in the traffic management system. It is hard to 

manage this asynchronous data from many sources and merge them into unified traffic 

conditions. For prediction-based applications, data filtration is an absolute condition since the 

more relevant traffic data are a better input parameter for algorithms of optimization and 

prediction. It is also hard to integrate the findings of this estimate to develop a flexible 

model, which accurately predicts future traffic circumstances and justifies objectives such as 

time, cost, convenience, environmental pollution, etc. 

 

5. Conclusion 

Technical advances in traffic management and the planning of real-time traffic police 

services will move the policing focus to proactive and eventually minimize wasting money, 

time, and fuel on long-distance traffic jams by the public. The focus of this study is on the 

planning and relocation of transport police consistently based on real-time traffic density in 

large and small roads so that traffic jams may be reduced and traffic flows throughout the 

entire city can be smooth. 

 

References 
1. Jindal A, Aujla GS, Kumar N, Chaudhary R, Obaidat MS, You I. Sedative: SDN-enabled deep learning architecture for network 

traffic control in vehicular cyber-physical systems. IEEE Netw. 2018; 32(6): 66- 73. 

 

2. Song, M., & Hou, Z. (2020). Model analysis of traffic emergency dispatching in intelligent transportation system under cloud 

computing. International Journal of Internet Protocol Technology, 13(1), 46-54. 

 

 

3. Al-Mousawi, A. J., & AL-Hassani, H. K. (2018). A survey in wireless sensor network for explosives detection. Computers & 

Electrical Engineering, 72, 682-701. 

 

4. Ageed, Z. S., Zeebaree, S. R., Sadeeq, M. M., Kak, S. F., Rashid, Z. N., Salih, A. A., & Abdullah, W. M. (2021). A survey of data 

mining implementation in smart city applications. Qubahan Academic Journal, 1(2), 91-99. 

 

5. Khatri, S., Vachhani, H., Shah, S., Bhatia, J., Chaturvedi, M., Tanwar, S., & Kumar, N. (2021). Machine learning models and 

techniques for VANET based traffic management: Implementation issues and challenges. Peer-to-Peer Networking and 

Applications, 14(3), 1778-1805. 

6. Makhmutova, A., Anikin, I. V., & Dagaeva, M. (2020, September). Object Tracking Method for Videomonitoring in Intelligent 

Transport Systems. In 2020 International Russian Automation Conference (RusAutoCon) (pp. 535-540). IEEE. 

 



 

17 
 

7. Mali, S. (2020). Traffic police operation based on sensors and data analytics. Transportation research procedia, 47, 187-194. 

 

 

8. Sindhu, M. Effects of Road Accidents and Safety Concerning Adolescent. IJRAR-International Journal of Research and Analytical 

Reviews, E ISSN, 2348-1269. 

 

9. Vanama, A. (2021). Vehicular Cloud Data Collection for Intelligent Transportation System. Turkish Journal of Computer and 

Mathematics Education (TURCOMAT), 12(11), 3561-3566. 

 

 

10. Saleh, A. I., Gamel, S. A., & Abo-Al-Ez, K. M. (2017). A reliable routing protocol for vehicular ad hoc networks. Computers & 

Electrical Engineering, 64, 473-495. 

 

11. Yao, F., Keller, A., Ahmad, M., Ahmad, B., Harrison, R., & Colombo, A. W. (2018, July). Optimizing the scheduling of 

autonomous guided vehicle in a manufacturing process. In 2018 IEEE 16th International Conference on Industrial Informatics 

(INDIN) (pp. 264-269). IEEE. 

 

 

12. Jindal, A., Aujla, G. S., Kumar, N., Chaudhary, R., Obaidat, M. S., & You, I. (2018). SeDaTiVe: SDN-enabled deep learning 

architecture for network traffic control in vehicular cyber-physical systems. IEEE network, 32(6), 66-73 

 

13. Adler N, Hakkert A, Raviv T, Sher M. The traffic police location and schedule assignment problem. J Multi-Criteria Decision 

Anal. 2014; 21: 315- 333. 

 

 

14. Camacho-Collados M, Liberatore F, Angulo J. A multi-criteria police districting problem for the efficient and effective design of 

patrol sector. Eur J Operat Res. 2015; 246(2): 674- 684. 

 

15. Sun X, Wang J, Wu W, Liu W. Genetic algorithm for optimizing routing design and fleet allocation of freeway service overlapping 

patrol. Sustainability. 2018; 10(11): 4120. 

 

 

16. Rodriguez-Jimenez J. An approach for the police districting problem using artificial intelligence. In: International Symposium on 

Methodologies for Intelligent Systems. Limassol, Cyprus; 2018: 141- 150. 

 

17. Dewinter M, Vandeviver C, Vander Beken T, Witlox F. Analysing the police patrol routing problem: a review. ISPRS Int J Geo-

Inform. 2020; 9(3): 17. https://doi.org/10.3390/ijgi9030157 

 

 

18. Nama, M, Nath, A, Bechra, N, et al. Machine learning-based traffic scheduling techniques for intelligent transportation system: 

Opportunities and challenges. Int J Commun Syst. 2021; 34:e4814. https://doi.org/10.1002/dac.4814  

 

19. Capodieci, N., Cavicchioli, R., Muzzini, F., & Montagna, L. (2021). Improving emergency response in the era of ADAS vehicles in 

the Smart City. ICT Express. 

 

 

20. Ali Q, Yaseen MR, Khan MTI. Road traffic fatalities and its determinants in high-income countries: a continent-wise comparison. 

Environ Sci Pollution Res. 2019; 26: 19915- 19929. 

 

21. Saluja N. Road accidents claimed over 1.5 lakh lives in 2018, over-speeding major killer. https://bit.ly/371Kgoi. Accessed: 29-11-

2020; 2019. 

 

 

22. Pal BB, Chakraborti D, Biswas P, Mukhopadhyay A. An application of genetic algorithm method for solving patrol manpower 

deployment problems through fuzzy goal programming in traffic management system: a case study. IJBIC. 2012; 4: 47- 60. 

 

https://doi.org/10.3390/ijgi9030157
https://doi.org/10.1002/dac.4814
https://bit.ly/371Kgoi


 

18 
 

23. Hossain MS, Ahmad M, Asadujjaman M. Traffic scheduling simulation: the case of Dhaka City. J Modern Sci Technol. 2017; 5: 

89- 101. 

 

 

24. de Souza AM, Brennand CARL, Yokoyama RS, Donato EA, Madeira ERM, Villas LA. Traffic management systems: a 

classification, review, challenges, and future perspectives. Int J Distrib Sensor Netw. 2017; 13(4):1550147716683612. 

https://doi.org/10.1177/1550147716683612 

 

25. Rawal T, Devadas V. Intelligent transportation system in India—A review. Inst Devel Manag. 2015; 2: 299. 

 

https://doi.org/10.1177/1550147716683612

