Dynamic traffic re-routing as a method of reducing the congestion level of  road network elements
Abstract— The article presents the main points of the dynamic traffic re-routing on the base of the Intelligent Transport System (ITS). Re-routing problem on the road network has been object many research and different tools have been proposed to increase the traffic management systems effectiveness. In this paper we study some of the issues associated with the simulation of various dynamic route guidance algorithms, focusing on the estimation of their effective using set of traffic parameters. It was founding the main condition for using the method of dynamic traffic rerouting is not only the fact or high probability of occurrence of a traffic incident, but the detection of a process of deterioration of traffic conditions, leading to the formation of congestion in the lack or ineffectiveness of active control. Our research aimed at determination the congestion threshold, alternative routes, average number of re-routing vehicles and duration of re-routing. Also in this paper is presented and explained the most important part of the dynamic traffic re-routing problem - the conceptual diagram of the main stages of the dynamic traffic re-routing.
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Introduction
The efficient use of the transport city infrastructure is mostly determined by the existence and operation of intelligent transport systems (ITS). The analysis of the current traffic conditions and congestion level of main highways reveals the topical character of scientific research in the field of efficient traffic flow management.  That is why the dynamic traffic re-routing from road sections with heavy traffic to the alternative routes is so important. The development of monitoring traffic flow systems and methods of traffic assignment on the road network using simulation model allows us to analyze the problem of dynamic traffic re-routing on a new level. In Russian cities with a level of motorization 300 ÷ 500 veh per 1000 inhabitants, at least 20% of the sections of the main road network  operate under an unacceptable v/c ratio that equal more than 0.7. At 40% of the road network can occur synchronized traffic flow with the v/c ratio 0.45 ÷ 0.7, a partially synchronized traffic flow is detected at 30-35% of the main road network, free flow conditions are almost not observed. In the presented situation, the method of reducing the traffic congestion by means of dynamic traffic re-routing (DTR) to alternative routes becomes especially topical.
MATERIALS AND METHODS
Dynamic traffic re-routing as an element of organization and management of  heavy traffic is a part of ATMS and ITS. It is implemented in indirect and direct traffic flow management systems with the purpose of redirecting traffic flows from the sections with heavy traffic to alternative routes.
Our studies on Rostov on Don network have shown that redirection of 30% of the volume of traffic flows will cause a maximum (by 18%) decrease in the proportion of road network section with an unacceptable v/c ratio. According to the data in Table 1, redirection of a greater volume of traffic flow will cause alternative routes and a reverse increase in the proportion sections of the main road network with an unacceptable v/c ratio.
TABLE 1. CHANGE IN PERFORMANCE EVALUATION INDICATORS SECTIONS OF THE MAIN ROAD NETWORK WITH DTR 
	DTR, %
	Proportion sections of the main road network  with an unacceptable v/c ratio, %
	Average v/c ratio of the main road network

	0
	20
	0,53

	10
	17
	0,52

	20
	9
	0,49

	30
	4
	0,49

	40
	8
	0,49


Most of the research is devoted to find an alternative path, the influence of traffic information on road users, the analysis of the reactive strategies results for operational traffic flows management [8, 11, 12, 14]. However, the tasks of dynamic traffic flow re-routing in case of incidents and congestions are still topical. Thus, the definition and formalization of such traffic conditions under which their dynamic re-routing is efficient are of particular significance and has not yet been studied.

For many years the study of the relationship between the main characteristics of traffic flow is one of the main directions of theoretical and experimental research in the theory of traffic flow. The contradiction between the real and calculated data in the basic models and the choice of appropriate models are studied by J. Castillo (1995), F. Benitez, R. Herman, I. Prigogin, V. Zyryanov (2008). Research and prediction of traffic transition from the free state are reflected in the alternative theory of B. Kerner’s (2009) traffic flow. Many traffic simulations using AIMSUN software showed the same type of traffic flow phase diagrams in case of congestions on the study route regardless of their origin. [7, 9, 11, 13]
Traffic flow phases diagram provides the presented characteristics of traffic flow: flow 
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as the traffic flow density  at which  there is a transition from free flow phase (F) to synchronized flow phase (S). This indicates a change in traffic conditions for the worse and causes congestion if there is a lack of traffic management. These fundamental dependencies presented in Fig. 1 allowed to use  
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(traffic jam phase) and the reverse re-routing 
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. Fig. 1 graphically presents a methodology for determining the threshold parameters of the traffic flow and a part of re-routing vehicles. It also depicts the sustainability of the alternative path that takes the effective volume of re-routing vehicles. Let the alternative path detect traffic flow condition which can be characterized as 
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. If you are re-routing to an alternative vehicle path 
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we will get a new traffic flow condition which can be characterized as 
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 and meets the free traffic conditions. Consequently, the re-routing 
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 will not cause rejection of alternative path. And dynamic re-routing can be extended as long until  
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 is reached (Fig. 1).
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Fig.1 Determination schematic for use condition for dynamic traffic flow re-routing
At the same time, the implementation of DTR is largely determined by the need to ensure the sustainability of those sections of the road network, which are a part of the recommended alternative route. Therefore, the end of the re-routing of traffic flow to an alternative route should occur after reaching the limit values that characterize the traffic conditions, the definition of which is the criterion for introducing this method of organizing traffic. The diagrams have shown on fig.2 allows to define the point of sections sustainability based on known characteristic of traffic flow which can be detected: flow, density and speed.
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а) one lane on the route direction
b) two lane on the route direction

c) three lane on the route direction

d) four  lane on the route direction
Fig.2 Diagram for determination of the sections sustainability
Results
Determination of the place, role and special requirements for the implementation of this method of traffic management is possible by means of the construction of a physical and functional architecture for the project of DTR. At the same time the application of this method is determined to a certain extent by the architecture of the city's ITS creation, the functioning and development of its integrated and instrumental subsystems, the meeting of the requirements for their effective deployment based on traffic simulation.
The conceptual diagram of the main stages of the DTR is presented in Fig. 3.
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Fig. 3 Conceptual diagram of the main stages of the DTR

the main points of the dynamic traffic re-routing
The main condition for using the method of dynamic traffic rerouting is not only the fact or high probability of occurrence of a traffic incident, but the detection of a process of deterioration of traffic conditions, leading to the formation of congestion in the lack or ineffectiveness of active control. The undertaken studies showed that the use of DTR in the initial conditions of motion, determined, for example, by the level of service A, would be efficient only in 2% of the traffic situations determined by traffic flow threshold condition. Whereas, in the initial traffic conditions, determined, for example, by the level of service E, the method of DTR is effective in 71% of cases (see Fig. 4).
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Fig 4  Distribution in the initial traffic conditions that require their dynamic rerouting at the initial service levels
Implementing the dynamic traffic flow re-routing for sustainable traffic of road network sections as a part of recommended alternative route it is necessary to obtain initial data on road traffic and traffic flow conditions. It enables the process of dynamic re-routing in order to avoid congestion.

The next key issue is the determination of traffic flow threshold condition to start the dynamic rerouting, depending on the change in the initial traffic conditions in the research road network section. Previous studies have shown that the factors affecting the change of traffic condition’s threshold are a number of section lanes and section free flow speed.
With the help of simulation, we defined the area of efficient application of the considered method of traffic organization with the change of the initial v/c ratio on the road sections. [14, 15]. We obtained the diagrams for determining the threshold density of the traffic flow under conditions of varying level of services (LOS)  in the direction of the traffic flow along the route. It allows to answer one of the most important questions about the beginning of dynamic traffic rerouting (see fig.5)
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Fig.5 Diagram for determination of traffic flow threshold condition for dynamic re-routing
Achievement of the goals to prevent the occurrence and reduction of the duration of the road congestion, to avoid traffic breakdown it is important to choose the detection area for the threshold states of traffic flows.
The condition for the ending the dynamic rerouting is measure the characteristics of the traffic flow on the initial route, which determine the transition of traffic to the free state allowed by the capacity values.
The efficiency of DTR is determined by the reduction of time and losses from road accidents, the increased reliability of road network operation, the reduction of transportation costs and pollutant emissions.
Discussion 

According to the research carried out by the authors, the reduction in the travel time during the congestion with the use of DTR can reach half as much. It indicates the high efficiency of this method in terms of reducing the duration of the congestion [14, 15].
The paper presents research aimed at finding the conditions for the start of the dynamic traffic flows re-routing as a point of traffic flow density  at which  there is a transition to synchronized flow phase. We calculate the conditions for traffic rerouting determined by the network parameters and the speed limits. We found out traffic flow conditions at which their dynamic re- routing is efficient. Our proposed method of evaluating the conditions for the starting point of traffic re-routing can also determine its efficiency. At the same time we can also evaluate the conditions on the alternate route: they can be stable or we need to find additional routes to reduce the congestion on the original route. Applying space-time diagrams allow us to track the change in traffic states on the route while performing any impact.

Further research has the following tasks: to predict the traffic situation in the development of transport infrastructure during process of transport planning; to study the traffic flows’ redistribution on the new network; to forecast the traffic situation in the case of incidents; to improve methods and algorithms for the dynamic traffic re-routing.
Conclusions

Application of  DTR is determined to a certain extent by the architecture of the city's ITS creation, the functioning and development of its integrated and instrumental subsystems, the meeting of the requirements for their effective deployment based on traffic simulation. Re-routing problem on the road network has been object many research and different tools have been proposed to increase the traffic management systems effectiveness.

The first of most important part of the dynamic traffic re-routing problem - the conceptual diagram of the main stages of the dynamic traffic re-routing. We presented and explained each stage of DTR on our paper.

The originality part of our research is the distribution in the initial traffic conditions that require their dynamic rerouting at the initial service levels. Also we found the diagram for determination of the sections sustainability.

The most important and newness result of our research is the diagrams for determination of traffic flow threshold condition for dynamic re-routing. .It allows to answer one of the most important questions about the beginning of dynamic traffic rerouting.
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