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0. Introduction

The area traffic control is an important element of Intelligent Transportation Systems. A feature of the majority of urban networks is the high density of the streets with large amount of the intersections. The networks were formed during the tens or hundreds years in the past but the traffic demand has continually increased. So in respect to the traffic flow fluency, the existing structures of the streets can’t usually accommodate such big volume of the traffic participants and it is either very expensive or even impossible to reconstruct the deficient street network. Due to these facts, efficient traffic control mechanisms are urgently required to reform this situation, particularly if congestion is to be contained. 

Traffic signals have become the most widely used form of the traffic flow control in this context. They are commonly used at the road intersections to control pedestrians and vehicular movements to reduce the traffic congestions and to improve road safety. Now, they can also perform dynamically and the signalized intersections within the computer-controlled UTC systems (urban traffic control systems) are increasingly at the heart of the traffic control in cities all over the world. During the last twenty years, a lot of various computer assisted traffic control schemes were developed that reflected the changes in the optimization criteria evolving consecutively in line with gained experiences.

The early traffic control systems essentially performed the static optimization of green “waves” on the specific city routes. But the optimization of the more complex city traffic requires taking into account other characters of the traffic flow as a queue length on the intersection arms, the number of vehicle stops during the journey, a total delay, environmental impacts as emissions and so on. 

In the recent time, the advanced traffic control systems use the on-line traffic flow data to set the dynamic parameters of the signal timing plans in response to the random traffic intensity fluctuation. So these control systems can quickly react to the changed traffic conditions at the optimized area, in which a functional and effective framework of vehicle detectors (e.g. the loop detectors frequently) exists. Thus those advanced control systems can provide new levels of the efficiency with an increasing sophistication in the detection and the real-time optimization. 

This bibliographic search sets itself to make a synoptic overview of the most recent optimization traffic control methods that respect the dynamics and the randomness of the traffic flow nature. There are various approaches to the signal traffic control and its optimization in a new spirit. Nevertheless, also the commonly known and used techniques are still of use. 

In other words, this work aims to chart the research and the real applications of the optimal traffic control that were developed during the last ten years. The search takes into the consideration those projects and methods that are efficient, multi-purpose and particularly practicable. 

1. Information sources 


The intelligent transportation systems become more popular now but there is still not too much good-quality literature about. All possibilities of getting the information about were attempted to use – books, textbooks, research papers, reports and personal contacts to evaluate. There was also used the most popular information source at present time – Internet search. 


For this bibliographic search need, the following secondary information sources were used to look up any relevant references:

1.1. Electronic library catalogues

· Library of Czech Technical University in Prague

· Library of Technical University in Brno

· National library in Prague

· State Technical Library in Prague

· Main Library of ASCR

· Virtual Polytechnic Library

· Etc.

1.2. Databases

· Dialog (Inspec, Iconda, Compendex)

· Web of Science

· Proquest 5000/PCI

· Etc.

1.3. University information sources

· The Nottingham Trent University, Nottingham, UK

· University of Massachusetts, Lowell, MA, USA

· University College London, London, UK

· Newcastle upon Tyne University, Newcastle upon Tyne, UK

· University Hong Kong, Hong Kong, China

· Michigan State University, Michigan, MI, USA

· University Southampton, Southampton, UK

· University Utah, Salt Lake City, UT, USA

· North Caroline State University, NC, USA

· Etc.

Comment:

The asset of information mentioned is simultaneously evaluated in the perspective of our search meaning. For the assessment need, following marks were used: ( - very promising and productive, ( - neutral, ( - no point in our meaning.

All abstracts and some of the full-texts are available at the Department of Adaptive Systems in the Institute of Information Theory and Automation, Academy of Sciences of the Czech Republic, Pod vodárenskou věží 4, 182 08 Praha 8, Czech Republic; http://www.utia.cas.cz, utia@utia.cas.cz.

2. Abstracts

This search was aimed to find any information about the different optimization techniques and approaches to the signal traffic control and its applications in the real traffic areas all over the world. There were found many relevant references during the searching. There were mostly the abstracts of research papers that were more minutely studied and further information were founded usually in an authors’ place of work or research. After the information benefit evaluation, the acquired references were separated into a few following categories. There is also mentioned a short content of each reference. 

2.1. Theory of traffic flow

It is self-explanatory that before the developing of any factual techniques it is necessary to know well a field of our interest. In case of the signal traffic control, it is all-important to identify each substantive characteristic of the traffic flow and also relations between them. Only then it is possible to construct the corresponding traffic flow model that is a precondition for a derivation of any optimization method. Some references founded during the searching information were more like of the general, academic character. Such of them are mentioned just in this first section.

2.1.1. Experimental characteristic of traffic flow for evaluation of traffic modelling

Kerner, B.S.; 1997

The author proposes new additional criteria for evaluation and validation of traffic flow models suitable for a correct simulation of experimental observed behaviors of traffic flow.

Note: ( The full-text is available at the Department of Adaptive Systems in the Institute of Information Theory and Automation, Academy of Sciences of the Czech Republic (hereafter ÚTIA).

2.2. Traffic estimation and prediction

There are collected various approaches of this forecasting process in this section. The estimation and the prediction of the traffic flow characteristics is very important part of determining the future traffic evolution. The forecasts are required in many new dynamic traffic control and route guidance systems. 

An assignment of the suitable model of the traffic flow and the optimal method of the estimating and the predicting of the traffic flow characteristics and other traffic events is the first and indispensable step towards the success. Then the most efficient control strategy can be quite simply deduced. 

2.2.1. Journey time forecasting for dynamic route guidance systems in incident conditions

Hounsell, N.B., Ishtiaq, S.; 1997

This article describes a new method of journey time forecasting in case of incidents as an accident, a vehicle breakdown, an illegal parking or stopping, etc. These events impact not only the incident link but sometimes also the upstream links of the incident location. They can lead to serious congestion with negative impacts on the environment. Therefore the prediction of the traffic incident effects is an important issue for better efficiency and for on-line dynamic route guidance (DRG) systems and other control systems. The aim of this study was to provide a reasonably robust process for on-line applications to improve current ad-hoc method. An incident database was compiled by modeling of several incident/network/traffic scenarios using a simulation tool. Generalized statistical models were developed to predict the spread of congestion effects that follow the incident. The required travel time modifications on the incident and affected links were also predicted. The mentioned method could be mainly applied in case of low penetration level, it means for dynamic route guidance systems where the proportion of guided drivers is relatively low.

Note: ( The full-text is available in ÚTIA. No details were searched.

2.2.2. A dynamic traffic forecasting application on the Amsterdam beltway

Van Der Zijpp, N.J., De Romph, E.; 1997

This article presents some theoretical developments that have resulted in a dynamic traffic forecasting procedure consisting of a dynamic OD (origin-destination) matrix estimation module and a dynamic traffic assignment module. The OD-estimation module is an extension of traditional (static) OD-estimation methods, i.e. production-attraction models combined with the use of deterrence function.

For testing, collected data from the Amsterdam beltway were used and as an alternative to the proposed procedure, historical averages have been compiled from all observed data. Comparisons shown many imperfections in specifying OD-demand and network characteristics for that the new method cannot be competitive with historical averages in case of traffic forecasting. However, the exceptional circumstances such as severe incidents are reported better with the dynamic forecasting procedure.

Note: ( The full-text is available in ÚTIA. 

2.2.3. Real-time estimation and prediction of origin-destination matrices per time slice

Camus, R., Cantarella, G.E., Inaudi, D.; 1997

An approach for the real-time estimation and prediction of OD (origin-destination) matrices pre time slice has been developed in this paper. This method is useful to support real-time management of a freeway network. The proposed indirect approach combines historical information with current traffic counts at on-ramps. Results shown that these prediction procedures can perform almost as well as direct prediction methods based on knowledge of demand. It has been tested on the Italian freeway A4 where exists a pay toll system enabling to measure the real OD matrices.

Note: ( The full-text is available in ÚTIA.

2.2.4. Overflow Delay Estimation for a Simple Intersection with Fully Actuated Signal Control

Li, J., Rouphail, N.M., Akçelik, R.

An approach for estimating overflow delays for lane groups under vehicle-actuated control using the HCM (Highway Capacity Manual, 1985) delay model format is presented. An existing cycle-by-cycle simulation model has been modified to produce delay for a basic vehicle-actuated operation. Overflow delay as the one of two components of queuing delay is computed as the difference from total simulated delay minus estimated uniform delay for the average cycle conditions. Applying the 1985 HCM formula to the simulated signal settings resulted in much higher delays that it implies the need for separate calibration. The simulation model was executed to produce a calibration database for an analytical overflow delay model. 

Note: ( The full-text is available in ÚTIA.

2.2.5. Tracking and predicting a network traffic process

Whittaker, J., Garside, S., Lindveld, K.

This article describes a dynamic state-space model using conditional independence relationships and ideas of Bayesian forecasting, with optimal state estimation coming from Kalman filter. The models based on classical differential equations incorporating representations of ht network topology are derived and implemented in a state-space framework. The derived model was applied to several road networks in The Netherlands. 

Note: ( The full-text is available in ÚTIA.

2.2.6. Short-term inter-urban traffic forecasts using neural networks

Dougherty, M.S., Cobbett, M.R., 1997

This paper describes an attempt to make short-time forecasts of traffic flow, especially of speed and occupancy, by back-propagation neural networks in the Utrecht/Rotterdam/Hague region of The Netherlands. A problem that had to be faced when designing the system was the vast amount of possible input parameters. A technique of stepwise reduction of network size was developed by elasticity testing the large neural networks. Results shown that forecasts of the occupancy were much more successful than forecasts of the vehicle speed but in spite of it this system cannot out-perform more usual predictors.

Note:  ( The full-text is available in ÚTIA.

2.2.7. Short-term forecasting based on a transformation and classification of traffic volume time series

Wild, D.; 1997

The described method for prediction of traffic volumes at intersections is based on classified historical patterns. Continuously collected time series are transformed into object representation. These object, interpreted as polylines, support the qualitative and quantitative data externalization. An evaluation based on collected data from Köln is presented and results are compared with those from two simple time series predictors.

Note: ( The full-text is available in ÚTIA. 

2.2.8. Estimation of Green Times and Cycle Time for Vehicle-Actuated Signals

Akçelik, R.

An analytical method for estimating average green times and cycle time at vehicle-actuated signals is presented. The given method provides essential information for predicting the performance characteristics as capacity, degree of saturation, delay, queue length and stop rate of intersections controlled by actuated controller settings. This paper is limited to the operation of a basic actuated controller that uses passage detectors and a fixed gap time settings. Both fully actuated and semi actuated control cases are discussed. The practical cycle and green time method for computing fixed-time signal settings is also outlined. The arrival headway distributions are discussed first since the estimation of arrival headways is fundamental to the modeling of actuated signal settings. Further work is needed to validate and calibrate the given formulas using real and simulation data.

Note: ( The full-text is available in ÚTIA.

2.2.9. Travel time estimation in the GERDIEN project

Van Arem, B., Van Der Vlist, M.J.M., Muste, M., Smuldeeers, S.A.; 1997

This article describes a model for estimating travel times on motorway sections of 3-5 km length. The model uses measurements from inductive loop detectors and is based on a linear input-output ARMA model representation. The evaluation data set covers traffic situations with “normal” congestion and congestion due to accidents or incidents. The observed and estimated travel times are very close in case of normal congestion. In other case, travel times estimates shown large deviations but there were no observations to verify their accuracy.

Note: ( The full-text is available in ÚTIA. 

2.3. Traffic network models and techniques of its optimization

This second paragraph brings a few approach alternatives of the prospective traffic model structures and the corresponding techniques of the optimization to be useful for the transportation field and especially for the traffic flow control. The abstracts mentioned here offer the original solutions and strategies of the traffic control optimization of the urban network.

2.3.1. Combined model for signal control and route choice in urban traffic networks

Gartner, N.H.; Al-Malik, M., 1996

A combined network model that simultaneously accounts for both the route choices made by motorists and the desired signal controls to match these choices is presented. 

The principle is to update origin-destination travel demand information and consequential calculating of the resulting traffic volumes in the network. In the last step, the optimal control is determined according to these new conditions. From this point of view, such model could be used for advanced traffic control strategies that involve dynamic rerouting of traffic flows through signal-controlled street networks.  The model is applicable to both fixed-time and demand-responsive signals.

Note: ( The university link is available. The contact with authors hasn’t been made.

Contact:
http://civil.caeds.eng.uml.edu/Faculty/Gartner/Gartner.html, Nathan_Gartner@uml.edu 

2.3.2. Optimizing acyclic traffic signal switching sequences through an Extended Linear Complementarity Problem formulation

De Schutter, B., 2002

There are designed optimal switching schemes for linear dynamics switched systems by Extended Linear Complementarity Problem. In spite of giving optimal switching time sequences, this method is too computationally complex. Some approximations are discussed that lead to sub-optimal solution close to global optimum. However, it is not feasible in practice for the present. 

Note: ( No details were searched due to impractical use.

2.3.3. Lane-based optimization of traffic equilibrium settings for area traffic control

Wong, C.K.; Wong, S.C.; 2002

There is an extending of lane-based optimization method to a traffic equilibrium network that improves the operational performance of signal-controlled traffic network. A decomposition approach is exerted to simultaneously optimize the lane markings and signal settings.  

It comprises two optimized level, the intersection one and the network one. At the junction level, there are optimized the lane markings, control sequence and other aspects of signal settings for intersection component. At the network level, the 
group-based settings are optimized with respect to traveler re-routing characteristics and to intersections coordination effects. This method is based on a TRANSYT traffic model. An affiliated numerical example demonstrates the method effectiveness.

Note: ( The full-text is available in ÚTIA; contact with one of the authors has been made.

Contact:
http://web.hku.hk/~hhecwsc/, hhecwsc@hkucc.hku.hk 

2.3.4. Optimisation of a fuzzy logic traffic signal controller by a multiobjective genetic algorithm

Anderson, J.M.; Sayers, T.M.; Bell, M.G.H., 1998

In this paper, there is described the attempt to develop the flexible signal controller that may be able to embody the objectives appropriate for the controlled area situation. A prototype fuzzy logic signal controller was made and optimized with respect to several criteria simultaneously. The test demonstrated the controller’s sensitivity to changes in the membership function parameters. It was not possible to minimize simultaneously even the limited set of performance measures explored (e.g. travel times and emissions). In this research position, there is not possible to recommend this network traffic control approach.

Note: ( No other details were searched forasmuch as no method benefit. 

2.3.5. Model-based traffic control

Sauthier, E., Faltings, B.; 1992

This paper shows how the techniques of model-based diagnosis can be used to select coordinated control plans for networked systems. Such control system uses an assumption-based truth maintenance system (ATMS) to compute suitable local control strategies whose underlying assumptions are consistent with other control strategies, the state of the road network and traffic flow. 

Most work in model-based diagnosis is based on device-oriented models of the diagnosed system. In a traffic network, the devices are streets and intersections that are connected by conduits (their interconnections) identifying shared parameters between the devices. In electronic circuits, the state of devices is modeled by continuous parameters. The mentioned system consists of three different kinds of models: a topological one and flow and control models.

The system has been tested both on synthetic examples and simulations using actual data. The results were encouraging. 

Note: (
2.3.6. Traffic responsive signal control using fuzzy logic – a practical modular approach

Sayers, T.; Bell, M.G.H.; Mieden, T.; Busch, F.; 1996

An application design of a traffic responsive signal control system that optimizes the performance at a single intersection is presented. Fuzzy logic techniques are incorporated into a modular system that allows it to be combined directly with the logic of conventional traffic responsive signal controllers. 

This system reflects two fundamental aspects of responsive signal control – the observation of the on-going traffic situation around the intersection and the traffic signal control that correspond to the observed situation. Fuzzy logic spans both of these essential functions by converting the large quantities of original data arising from the intersection approaches into meaningful and compact measurements relating to each signal group or phase. Then the control logic can make both second-by-second and cycle-by-cycle decisions about the apportionment of green signal. There is no mention about any applications or tests realized in a real or simulated traffic area. 

Note: ( Details have not found out; making any contact was not possible.

2.3.7. Integrated adaptive-signal dynamic-speed control of signalized arterials

Abu-Lebdeh, G.; Sept. - Oct. 2002

Author presents an advanced traffic control concept of congested urban arterials in ITS (Intelligent Transportation System) setting. The project idea is to integrate the capability of dynamic adaptive signals with dynamically optimized time-dependent variable speed. The adjusted optimized speed that drivers would follow as they enter the link would be constant during the control cycle. Links speed would be updated just at the end of the current control cycle. It means that speed and signal control parameters, but moreover also the length of control cycle would change between links and over time in response to changing traffic conditions. 

The new control concept was tested on a congested arterial with multiple links. The arterial system was modeled as a discrete event time varying dynamic system with 
a control period spanning several cycles. System throughput was maximized in respect to such critical operational measures as intersection blockage, queue spillbacks, etc. As an optimization tool, genetic algorithms were used. The significant improving of the traffic flow was proved. In author’s opinion, the new control concept is suitable for on-line implementation in an ITS setting. 

Note: ( The full-text available in ÚTIA; made contact with author. Currently working on improving to be applicable to networks.

Contact:
http://msu.edu/, abulebde@egr.msu.edu 

2.3.8. Hierarchical control of congested urban traffic – mathematical modelling and simulation

Mikhailov, L., Hanus, R.; 1994

The traffic modeling is considered as a first stage of the synthesis of hierarchical control system. A macroscopic mathematical model of the congested urban traffic is derived. The decomposed form allows its application for the synthesis of distributed and hierarchical control systems. In the paper, a hierarchical method for optimal traffic control is proposed and evaluated the computer simulation.

Note: ( The full-text is available in ÚTIA.

2.3.9. Group-based optimization of a time-dependent TRANSYT traffic model for area traffic control

Wong, S.C.; Wong, W.T.; Leung, C.M.; Tong, C.O., 2002

A performance index that is a weighted combination of the estimated delay and number of stops is evaluated by using a time-dependent TRANSYT traffic model. The time-dependent problem is solved by optimization heuristic that are based on derivates of the performance index with respect to the group-based variables.

Three scenarios were used to illustrate the method effectiveness: a medium size 
signal-controlled network from the Shatin New Town in Hong Kong, the second, based on the average traffic flow and the last one takes the traffic flows in individual time intervals for independent analyses. An improvement was obtained in all cases. For evaluating the performance indices for the signal plans derived from these scenarios, a microscopic simulation model NETSIM was used. 

Note: ( The abstract is available in ÚTIA.

2.3.10. A Cell-Based Traffic Control Formulation: Strategies and Benefits of Dynamic Timing Plans

Lo, H.K.; 2001

For modeling over-saturated traffic, a dynamic traffic control formulation that considers the incorporation of the Fundamental Diagram is especially important. The cell-transmission model (CTM) that is a convergent numerical approximation to the hydrodynamic model was transformed to a set of mixed-integer constraints and subsequently cast the dynamic signal problem to a mixed-integer linear program for this purpose. This study produces results to show the benefit of the dynamic timing plans and demonstrated that some of the existing practice on signal coordination could be further improved. The dynamic traffic control formulation can derive dynamic as well as fixed timing plans and handle pre-existing traffic conditions and time-dependent demand patterns.

Note: ( The full-text is available in ÚTIA, made contact with author.

Contact:
http://home.ust.hk/~cehklo/, http://www.ust.hk/pao/features/signal/, cehklo@ust.hk 

2.3.11. Adaptive Traffic Control: Control Strategy, Prediction Resolution and Accuracy

Lo, H.K., Chow, H.F.; 2002

ATCS (adaptive traffic control systems) aim at controlling the imminent traffic that is yet to arrive and so not known perfectly. Therefore, volume prediction is an essential part of traffic control optimization. The resolution and the accuracy are two aspects associated with the prediction. As turned out, it is necessary to study relationships and trade-off between the control strategies, prediction resolutions and its associated errors. The appointed study investigates these relationships through a scenario simulation in Hong Kong with a recently developed DISCO (dynamic traffic control model, see 2.8.3.).

The major findings are consequent: the importance of resolution outweighs errors; dynamic timing plans generally outperform time-invariant timing plans; overestimated predictions lead to better results than underestimated predictions.

Note: ( The author university workplace link and full-text is available in ÚTIA, made contact with author.

Contact:
http://home.ust.hk/~cehklo/, http://www.ust.hk/pao/features/signal/, cehklo@ust.hk 

2.3.12. Assessment of a stochastic signal optimization method using microsimulation

Park, B.B., Rouphail, N.M., Sacks, J.; 2000

An assessing stochastic signal optimization method is based on a genetic algorithm GA-SOM (Genetic Algorithm – based Stochastic Optimization Method) and it is interfaced with the microscopic simulation program CORSIM. That approach is capable of optimizing signal timings in a stochastic traffic environment. 

For performance evaluation, Chicago network consisting of nine signalized intersections was used. In this application, system queue time was minimized and GA-SOM simultaneously optimized cycle length, green splits and offsets. Parameters specification and short description of the method is included in the paper. The GA-SOM was compared with the performance of TRANSYT-7F (T7F) and it was found out that signal plans derived from T7F were significantly less effective and GA-SOM produced much less variation in system performance, particularly under varying demand conditions.

Several conclusions were made. The main one is that the system performance variability associated with a signal plan should always be considered in evaluating the traffic performance of that plan. Perhaps the most important fact is that direct optimization and comparison should be done within a platform that adequately captures the realities in the investigated area.   

Note: ( The full-text of this paper is available in ÚTIA.

2.3.13. Group-based optimization of signal timings using parallel computing

Wong, S.C., 1997

The performance of parallel computing in group-based optimization of signal timings improves as the number of independent paths in the task schedule increases. The parallel computing mean dividing into two levels: the network one and the intersection one. Control variables for signal setting at all intersections are changed simultaneously in the network-wide steps whereas in case of intersection-based steps in which they are changed in turn. A useful saving in computing time was obtained. A trial network from Leicestershire, UK, was used to demonstrate the performance of the parallel computing optimization method.

Note: ( The abstract is available only.

2.4. Potential approaches of traffic network optimization

The following abstracts define new optimization methods that could be potentially used for the traffic control.

2.4.1. A decomposition approach for signal optimization in road networks

Heydecker, B.G., 1996

There is a demonstration how optimization techniques for isolated intersection operating under fixed time control could be applied in coordinated networks optimization by using a decomposition approach. This conception allows the network optimization methods to benefit from some of advantages of the individual intersection optimization ones. 

Note: ( The full-text is available in ÚTIA, made contact with author.

Contact:
http://www.cts.ucl.ac.uk/publications/ttma, ben@transport.ucl.ac.uk, 


Phone: +44 20 7679 1553, line 31553

2.4.2. Self-Organizing Traffic Control via Fuzzy Logic

Chiu, S., Chand, S; 1993

Described traffic signal control is based on a fully distributed system of cooperative local controllers. All local controllers use a set of fuzzy decision rules to adjust the standard signal timing parameters, it means cycle times, phase splits and offsets. For each included intersection, the parameters are adjusted by these local controllers as functions of the local traffic conditions and the signal timing parameters at adjacent intersections. The method effectiveness was shown through traffic flow simulation of controlled intersection network.

The authors themselves observed that there is much to be done for improving the present fuzzy controller (including queue length as an input, using trend data for predictive control, etc.).

Note: ( The full-text is available in ÚTIA.

2.4.3. A Fundamental Study on Area Traffic Control System

Honda, Y.; 1992

This report deals with an area traffic control system based on a method that is called “Loop loss minimum theory”. The optimization is made by the approximate solution that is composed of the first and the second optimization. For the measurement of the optimization, travel speed, stopped time and numbers of stops are taken in this study.

Note: ( The full-text is available in ÚTIA.

2.4.4. Direct signal timing optimization: strategy development and results

Rouphail, N.M., Park, B.B., Sacks, J.

Direct optimization pertains to the use of a single traffic model for signal timing generation and plan of evaluation. Criteria for model selection include realistic traffic representation, an adequate breadth to incorporate most urban traffic management features, and the ability to represent system variability. As the closest model meeting these requirements in the U.S., the CORSIM was chosen for data simulating. Direct signal optimization was performed as a genetic algorithm (GA) that was a guided random search using the concept of natural selection and evolution to evaluate and to propose improved solution by optimizing a given objective. As was shown, GA converges to an optimal but not necessarily global solution.  Traditional signal optimization technique called TRANSYT-7F (T7F) was carried out for a comparison. Results indicate the improving of overall network performance under direct optimization. Both mean and median measures of effectiveness (link delay and total network queue time) were of substantially lower value than those obtained in case of T7F.

Note: ( The full-text is available in ÚTIA.

Contact:
rouphail@eos.ncsu.edu, park@niss.org, sacks@niss.org 

2.4.5. Should we use neural networks or statistical models for short-term motorway traffic forecasting?

Kirby, H.R., Watson, S.M., Dougherty, M.S., 1997

This article summarizes the findings from a comparative study of three traffic model approaches performance for motorway traffic in France. The first one was neural network modeling with the Beaune data. It is a back-propagation technique and was implemented on a commercially available simulation package NeuralWorks Professional II Plus. The second, traditional ARIMA (Auto-Regressive Integrated Moving Average) model is a clustering method. The last one, purpose-built pattern based forecasting model known as ATHENA and developed by INRETS outperformed both foregoing.

Note: ( The full-text is available in ÚTIA.

2.4.6. A novel traffic signal control formulation

Lo, H.K.; 1998

This formulation is developed through a mixed integer programming technique; uses dynamic traffic demand as an input and takes advantage of a convergent numerical approximation to the hydrodynamic traffic flow model. It is not needed to tune or to switch the model for the different traffic conditions, it adjust automatically because this formulation captures kinematical waves of the stop-and-go traffic associated with traffic signal and also covers all fundamental relationships between speed, flow and density. 

The model was tested on three demand scenarios in a simple traffic network and results seemed promising: the model produced consistent timing plans for unsaturated conditions and better ones for over-saturated conditions than conventional queue management practices. 

Note: ( The full-text is available in ÚTIA, made contact with author.

Contact:
http://home.ust.hk/~cehklo/, http://www.ust.hk/pao/features/signal/, cehklo@ust.hk 

2.4.7. Enhanced genetic algorithm for signal-timing optimization of over saturated intersections

 Park, B.; Messer, C.J.; Urbanik, T., 2000 

Authors offer enhancements of a previously developed genetic algorithm (GA) for traffic signal optimization in case of over-saturated traffic conditions. The optimization strategy includes modified delay minimization with penalty function and throughput maximization. 

The optimization strategy that was evaluated at different intersections spacing, was compared with results of TRANSYT-7F system, version 8.1. It show that GA-based program with average delay minimization produced a superior signal-timing plan in terms of queue time than the others.  Furthermore, the TRANSYT-7F tended to select longer cycle lengths than the GA program to reduce random plus over-saturation delay.

Note: ( Any details were impossible to find out.

2.5. Urban transit networks and methods of their control

The public transport is a usual and requisite way of transporting of more passengers in big cities. It is obvious that controlling of the urban networks through which the lines of the public transport are leaded is more difficult because of the specific requirements: the adherence of stops sequences and timetables. At the recent time, there is especially a new requirement of the ecological nature – the preference of urban public transport. The models and control systems then should respect these requirements. Some of those are mentioned in this section. 

Here, the models known as O-D (origin-destination) models are remarked. They are suitable to the public transport model problem.

2.5.1. Traffic Control and Traffic Assignment in a Signal-Controlled Network with Queuing

Smith, M.J. 

In this paper, the all interactions between traffic flows, delays, queues and green times in present and future time are considered. It is supposed that signal green times are determined by a certain special responsive policy PO and some simplifying assumptions are made. The policy PO creates a pattern of delays that encourages drivers to seek routes that are economical in their use of intersection space. Then there is said that under nature conditions, an equilibrium state of interactions between mentioned traffic flow characteristics exists and it is possible to determine it by solving a linear program. The author says that so it is natural to say that this policy PO maximizes the capacity of the network.

The system is developed for assessment of network alterations (road closures, etc.) but also for suggesting new signal timings.

Note: ( The full-text is available in ÚTIA. 

2.5.2. Urban network traffic control

 Hounsell, N.B., McDonald, M., 2001

This paper provides an overview of various problems, methods, systems and applications in the context of urban network traffic control. A look at future needs is also concluded. There are primarily studied UTC (urban traffic control) systems with signal computer controlling. 

Note: ( The abstract is available only. The full-text is available in Journal of Systems and Control Engineering, proceedings the Institution of Mechanical Engineers 2001, Vol. 215, No 14, ISSN 0959-6518.

Contact:
http://www.trg.soton.ac.uk, N.B.Hounsel@soton.ac.uk, M.McDonald@soton.ac.uk   

2.5.3. SMART NETS (Signal Management in Real Time for urban traffic NETworkS)

Deliverable 9: Final System Development Report

Project Co-ordinator: Napier University (TRI), Main author: Diakaki, Ch.

The report describes the methodology and architecture of the control system implementing traffic-responsive urban control (TUC) strategy including also all the new features like the public transport priority extension. In contrast to other proposed methods for urban signal control, the feedback approach pursued by TUC involves the application of systematic and powerful control design methods, The basic philosophy and the importance of these methods are related to their general applicability to any process that can be described by certain types of mathematical models. Moreover the specific store-and-forward modeling approach permits the use of highly efficient optimization and control methods with polynomial complexity leading to a straightforward network-wide applicability, easy installation and maintenance as well as low requirements regarding real-time traffic measurements.

Within SMART NETS, the newest version of TUC controls green splits, performs real-time cycle and offset control too. A new extension has been introduced to allow for Public Transport Priority possibilities. The TUC strategy consists of five parts (modules):

· Split control – control objective is to minimize the risk of over-saturation and queue spillback and it is approached through the appropriate manipulation of the green splits at signalized intersections for given cycle times and offsets. The methodology employed is based on the Linear-Quadratic-Regulator theory of Automatic Control.

· Cycle control - 
this part extends the initial strategy. A simple, feedback based algorithm modifies the network cycle times to adapt cycle duration to the currently observed saturation level in the network.

· Offset control – this part also extends the initial TUC strategy. The application of a decentralized feedback control law modifies the offsets of the main stages of successive intersections along arterials to create “green waves” when possible, taking into account the possible existence of vehicle queues.

· Public Transport Priority – this part is aimed at providing priority to public transport vehicles by modifying the signal settings of the previous module in a suitable way.

· Data Processing – this part is responsible for the collection, completion and processing of the real-time measurements collected from the controlled network to prepare the input data set required by each of the aforementioned parts in order to perform its control tasks.

It is not necessary to use all parts together; any combination of aforementioned control parts can be selected for individual applications, at dependence upon specific user requirements.

The measurements required by the Cycle, Split and Offset parts in real-time are numbers of vehicles within network links. Unless the controlled network is equipped with a video detection system, such measurements are not available. After checking and appropriate processing, the measurements are fed to the control parts at their respective control intervals. Then Cycle and Offset Control parts perform their control tasks and forward their decisions to the Split Control part that provides complete traffic-responsive signal settings. If the Public Transport Priority is also active, it may further modify these settings to serve priority requests. The signal settings may be delivered in any format that suits the specific needs of a particular application network. 

For the design and application of TUC, the considered urban area may be first divided into smaller segments because the traffic conditions of each network do not significantly affect the traffic conditions of the other while there is a high level of interaction of the traffic conditions of each sub-network intersections within. Each defined network is constituted as a directed graph with links that represent the street approaches, and their points of intersections at the places of the real street intersections.

The control system implementing the described methodology can be either fully or partially centralized. In the first case, all control logic is stored within a central computer that receives all real-time information and performs all necessary control tasks. In the case of partially centralized control system, the priority logic is stored and performed in the local controllers that is preferable because it reduces both the delays in the data transmission and decisions and the requirements for communication devices.

This project is developed at the Technical University of Crete, which tested the performance of application via simulation and also implemented the software to the three testing sites (Chania, Southampton and Munich). Siemens Greece, Siemens Traffic Controls Limited and GEVAS secure the incorporating of the software.

Note: ( The full-text is available in ÚTIA. 

Contact:
http://www.smart-nets.napier.ac.uk/, chr.bielefeldt@lineone.net 
2.5.4. Control of traffic flow on networks with stochastic user path choice

Lebacque, J.P., Khoshyaran, M.M.

Analyzed control strategy is based on the concept of promoting the convergence of the network towards a desirable dynamic state (a user equilibrium). It is assumed that users are provided with information relative to instantaneous travel time of alternative paths. The problem is to control the flow and nature of the information released to user in order to gain some measure of control over the network traffic flow. The traffic is modeled in a simple way using point queue models or first order continuum models. These models have been chosen for their ability to model traffic supply restrictions as queues, traffic lights, etc. 

Note: ( The full-text is available in ÚTIA.

2.5.5. CONTRAM: a traffic assignment model for predicting flows and queues during peak hours

Leonard, D.R., Tough, .B., Baguley, P.C.; 1978

This is one of the few assignment models which do allow for links with a finite capacity, queuing and signal controls. CONTRAM is routing a time varying demand along currently least-time paths, taking account of queuing delays. The program permits the regular updating of traffic signal settings and simulates the blocking of intersections by long queues at downstream intersections. 

Note: (
2.6. Solving of optimized traffic control sub-problems

The process of designing a signal control system can be divided into 
a series of easier sub-problems that need to be solved. Then the complex optimization problem can be cleared up by the sub-solutions of those tasks that are solved separately and by their retrogressive integration to the complete design method. Thus in this section, there are included proposal to the solutions of those sub-problems. 

2.6.1. Harmonization for omni-directional progression in urban traffic control

Findler, N.V.

Harmonization represents the best approximation to a coordinated omni-directional progression. The mentioned control system includes a two-stage learning process. The control of steady-state traffic at a single intersection and over the whole network is optimized at the first stage. The second stage deals with the predictive/reactive control of dynamic traffic flow in the network. Optimal traffic flow in street networks must take into account signalization, phasing and harmonization of control at all intersections. Then resulting control regime produces a minimum of the sum of delay times over all intersections and so each contributing term as delay due to red lights or unused green periods are weighted by the respective traffic flow values.

The system has been tested as part of work on distributed, knowledge-based, real-time, traffic adaptive control of street and highway ramp traffic signals in the university laboratory only. 

Note: ( The full-text is available in ÚTIA.

2.6.2. Calculation of signal settings to minimize delay at a junction

Heydecker, B.G.; Dudgeon, I.W., 1987

The calculation of fixed-time signal settings poses very important part of designing the signal-controlled intersection. Authors of the paper offer new versatile method of fixed-time input signal settings calculating, e.g. the signal cycle, the duration of green interval, the clearance time, etc. in such way that new combination of these parameters minimizes the rate of delay at the intersection. 

Note: ( The full-text is available in ÚTIA, made contact with author.

Contact:
http://www.smart-nets.napier.ac.uk/, chr.bielefeldt@lineone.net 
2.6.3. Applied traffic flow simulation

Kronjäger, W., Konhäuser, P., 1997

This work develops a measurement-based traffic flow simulation for the determination of section related traffic data. Dynamic traffic flow development on a road section without off- and on-ramps is determined by time dependent boundary conditions and initial density and velocity distributions that are usually not known. Thus the mentioned simulation approach starts with initial conditions obtained by interpolating the measured traffic data by using finite difference methods and a tailored least-square method. The model then allows the calculation of the density and velocity profiles as a function of time and space. The study has shown during the testing that the simulated traffic flow quantities comply well with experimental data.

Note: ( The full -text is available in ÚTIA.

2.6.4. A dynamic assignment model for congested urban transit networks

Nuzzolo, A., Crisalli, U., Russo, F.

Dynamic assignment models to transit (public transport) networks allow obtaining system configuration in terms of flows and costs in a dependence on within day and day-to-day dynamic. This paper deals with high frequency transit systems with waiting time user information and proposes a double dynamic stochastic path choice model that explicitly considers within-day and day-to-day supply variation. This model formalizes a dynamic assignment model that can be used to analyze transit-congested networks.

Note: ( The full-text is available in ÚTIA.

2.6.5. Treatment of random variability in traffic modeling

Heydecker, B.G., 1995

There is a several ways to respect randomness in transport processes. One of those techniques is called mesoscopic model method. Such model is a compromise between microscopic and macroscopic model. It adopts a simplified state description with simplified dynamics but it is distinguished from macroscopic one by the illusion of some correction for these simplifications. The resulting methods will not usually describe any system accurately but are intended as convenient methods to give reasonable estimates at low computational expense. 

The author also recommends possible implementations of the mesoscopic approach into the transport domain, e.g. for description of queues dynamics, priority for public transport vehicles, etc.

Note: ( The full-text is available in ÚTIA, made contact with author.

Contact:
http://www.cts.ucl.ac.uk/publications/ttma, ben@transport.ucl.ac.uk, 


Phone: +44 20 7679 1553, line 31553

2.6.6. Algorithm for the solution of the combined traffic signal optimisation and equilibrium assignment problem 

Maher, M., Zhang, X.

In this paper, the logit-based SUE (stochastic user equilibrium) assignment model with appropriate optimization formula is considered for solving of combined traffic signal optimization (SO) and equilibrium assignment (EA) problem. The combined problem was formulated either as a bi-level programming (BP) problem or as an equilibrium-programming (EP) problem. The solution from the EP algorithm is the same as from the alternate algorithm but convergences faster. BP algorithm converges to the true optimal solution to the bi-level problem that is different, but better than from the forenamed algorithm.  

Note: ( The full -text is available in ÚTIA.

2.7. Telematic application

In this section, there are cited the relative references that don’t directly relate to the own optimization technique of traffic control but they are interesting and could be used for consequential steps of optimization system realization in view of hardware use and general conception of control system. 

2.7.1. Intelligent transportation systems – towards integrated framework for traffic/transport telematics applications

Bargiela, A.; Peytchev, E., 2001

The design and implementation of DIME (Distributed computers shared Memory telematics Environment) for ITS developed by the SIM group at The Nottingham Trent University, United Kingdom, and its prototype implementation has been deployed in the Nottingham Traffic Control Centre since 1997. The second-generation hierarchical DIME system is recently developed.

The main idea of this project is to separate the major functional modules of predictive simulation and control from each other and the actual traffic control system by means of Distributed Shared Memory interface. Such independent system supply then a connection between different SW modules realized in several network nodes. This approach leads to demand reduction of control system and to maintenance reduction - the maintenance of the communication only. 

Note: ( The university project link and full-text is available in ÚTIA. 

Contact:
http://www.scm.ntu.ac.uk/RTTS/rtts.html
2.8. Optimization methods

There is a summary of the optimization methods that were mentioned in the acquired references. These methods were usually used for a purpose of testing the developed algorithms.

2.8.1. TRANSYT (TRAffic Network StudY Tool) 

Highway Capacity Manual, Special Report 209, Transportation Research Board, National Research Council, Washington, DC, 1994

It is an off-line (DOS) computer program for determining and studying optimum fixed-time, coordinated, traffic signal timings in any network of roads for which the average traffic flows are known. This model calculates PI (Performance Index) in monetary terms. An optimization aim is to minimize the PI subject to minimum green and other constraints by searching the proper timings.

So, TRANSYT optimizes phase splits and cycle offsets and calculates the performance of the signal timing plan on the basis of the traffic volume in different lanes, their percentages of left, through and right going, initial signal settings and related data. The model can also take into account the bus or emergency vehicles priority without the need to detect individual special vehicles within mixed traffic streams.  

The system consists of a simulation model and a minimization procedure and has been shown to give good results over small cross sections of a network of intersections. 

Follow-up TRANSYT –7F (T7F) refers to the U.S. Federal Highway version of the TRANSYT model that has been developed and updated in the U.S. since the mid 1970’s. It is emphasized that it is not related to any recent TRANSYT modeling activities in the U.K. T7F uses cyclic flow profiles (CFP) to project and disperse traffic on the links and applies a hill-climbing heuristic approach to determine optimal fixed-time signal plans. Release 8, the latest release of T7F, is designed to simulate and produce good signal settings under congested traffic flow conditions including spillback.

Note: ( 

2.8.2. MOVA (Microprocessor Optimized Vehicle Actuation)

Japs, B.   

That is an isolated signaled junction control system that requires vehicle loop detectors strategically located on each approach lane in order that the real-time optimization process can be effective. Thus the vehicles traveling in or out of the intersection area can be counted. Then the rate of discharge can be monitored on each lane. The self-optimizing features in MOVA ensure the setting of maximum green times is no longer than critical which removes a major difficulty with the conventional signal control. 

The MOVA system was tested in Edinburgh South for example. It was endorsed that this system dynamic response produced savings in delays at heavily congested intersections but also the MOVA’s failure to cope with heavy traffic movements was shown in connection with the size and structure of the intersection.

Note: ( The full-text is available in ÚTIA.

Contact:
Japs Bernie, The City of Edinburgh Council, 1 Cockburn Street, Edinburgh EH1 1BL 

2.8.3. Dynamic network traffic control

Lo, H.K.; Chang, E.; Chan, Y.C., 2001

Dynamic intersection signal control optimization (DISCO) is a formulation of the dynamic traffic control. DISCO is modeled after the cell-transmission model (CTM) that is a convergent numerical approximation to the hydrodynamic traffic flow model. This optimization technique is based on a genetic algorithm (GA) and derives dynamic timing plans for time-variant patterns. For a method efficiency comparison, DISCO and TRANSYT were applied to a traffic black spot in Hong Kong. Results showed that DISCO more reduced delays than TRANSYT (by as much as 33% for the congested scenario and 23% for the un-congested one). 

Note: ( The full-text is available in ÚTIA, made contact with author.

Contact:
http://home.ust.hk/~cehklo/, http://www.ust.hk/pao/features/signal/, cehklo@ust.hk 

2.8.4. A Streamlined Methodology for Application of TRANSYT-7F

Leonard II, J.D., Recker, W.W.; 1997

The purpose of the streamlined methodology is to reduce the time spent by the traffic engineer on detailed, expensive and often-unwarranted data collection, allowing a greater emphasis on using TRANSYT-7F in alternatives analysis and field fine-tuning. A fundamental feature differentiating this methodology from other modeling approaches centers on a process of validation rather than calibration of the TRANSYT-7F model. The streamlined application methodology consists of a five-step process: data collection, data input, data cleaning, alternatives analysis and the last step is implementation. This modeling approach is founded on the assumption that modeler has available tools to speed data input and assessment of model outputs. Then the application of mentioned model becomes more interactive, iterative and feedback oriented methodology.

Note: ( The full-text is available in ÚTIA.

2.8.5. SOAP (Signal Operations Analysis Package)

Federal Highway Administration: Signal Operations Analysis Package

This traffic signal optimizing tool develops fixed-time signaling plan for isolated intersections and determines the best plan for any series of 15-minute periods, given the volume data in those periods.

Note: ( 

2.8.6. TRALI

Zozoya-Gorostiza, C., Hendrickson, C.: Expert System for Traffic Signal setting assistance, Journal of Transportation Engineering 113, (2), 1987

This is the first signal-timing program using the Expert System approach. It first assigns a phasing plan based on the flow and intersection geometry and calculates the optimum cycle length and green time. It can also add the average delay per lane and cycle by using classical queuing theory. It finally produces signaling plan that can be fine-tuned by the user. 

Note:   (
2.8.7. PASSER (Progression Analysis and Signal System Evaluation Routine)

Texas Transportation Institute: Passer II-87 Microcomputer User’s Guide, Texas A&M University, 1988

This system develops a timing plan that maximizes the through-progression of traffic for up to 20 intersections and it can also provide an initial signal plan to TRANSYT. The system best works under unsaturated traffic conditions and uses a uniform bandwidth design for each arterial.

Note: ( 

2.8.8. SIGMA

Bielefeldt, 1987

Note: ( No details found yet.

2.8.9. SCII (Signal Control at Isolated Intersections)

Elahi, S.M., Radwan, A.E., Goul, K.M.: Traffic signal using mixed controller operations, Journal of transportation Engineering 118, 1992

It advises on switching from pre-timed to actuated operation and back. It monitors the performance of the system in the course of systematic changes and determines the point where a switch in traffic controller operation is necessary.

Note: ( 

2.8.10. PHAST (PHasing And Signal Timing)

Linkenheld, J.S., Benekohla, R.F., Garrett Jr., J.H.: Knowledge-based system for design of signalized intersections, Journal of Transportation Engineering 118, 1992

This expert system produces phase plan, cycle length, phase sequence and green time allocation for each phase based on the geometry and traffic volumes in isolated intersections.

Note: ( 

2.8.11. PHASES (PHAse Selection Expert System)

Pattnaik, S.B., Rajeev, S., Mukundan, A.: Towards Intelligent traffic signal design system, Journal of Transportation Engineering 117, 1991

The system selects the best phasing plan for the intersection from a combination of phases that will lead to optimum cycle time and thus decreases the delay. Its knowledge base uses a mixture of rules and frames.

Note: ( 

2.8.12. PRODYN

Henry, J.J., Farges, J.L., Tuffal, J.: The PRODYN real-time traffic algorithm, Proceedings of the Fourth IFAC/IFORS Conference on Control in Transportation Systems, Baden-Baden, Germany, 1983

It is demand-responsive system that has been developed in France.

Note: ( 

2.8.13. SCATS (Sydney Co-ordinated Adaptive Traffic System)

Lowrie, P.R.: Sydney Co-ordinated Adaptive Traffic System. Sydney, NSW, Australia: Roads and Traffic Authority, 1991

The hierarchical control system provides strategic and tactical control for the heavy bicycle traffic because detector loops were made more sensitive in order to detect also these conveyances. A central computer in conjunction with microprocessor-based controllers at individual intersections changes traffic parameters in real time. SCATS system was applied in the city of Shanghai and also in Singapore with low-level success.

Note: ( 

2.8.14. SPPORT

Gartner, N.H., Tarnoff, P.J., Andrews, C.M.: Evaluation of optimized policies for adaptive control strategy, Traffic Research Record No. 1324, Transportation Research Board, 1991

The system is generalized to control traffic networks. The evaluation of the control quality is based on predicted stops and delays of all traffic entering and leaving intersections.

Note: ( No more details were tried to found.

2.8.15. UTOPIA

Mauri, V., Morello, E., Wrathall, C.: Target IRTE architectures – Theory and practice of the 5T architectural design, Proceedings of the Technical Days on Advanced Transport Telematics, Brussels, Belgium, 1993

It is demand-responsive system that has been developed in Italy.

Note: ( 

2.8.16. OPAC

Gartner, N.H.: OPAC: A demand-responsive strategy for traffic signal control. Traffic research Record No. 906, Transportation Research Board, 1983

It is demand-responsive system that has been developed in the U.S.A.

Note: ( 

2.8.17. SYNCHRO

Trafficware 1999

This network model uses average flow rates to predict cycle-average traffic performance. It can generate optimal plan for a network, including the specification of a system-wide cycle length, movement green times and intersection offsets. SYNCHRO uses an exhaustive search to determine optimal fixed-time signal plans.

Note: ( No details found yet.

2.8.18. MULTIBAND-96

Stamatiadis, Ch., Gartner, N.H.: MULTIBAND-96 – A program for variable bandwidth progression optimization of multiarterial traffic networks, Transportation Research Record, Transportation Research Board, 1996

The system improves the performance by adapting progression according to the specific characteristics of each link in a network. It aims at optimizing green bandwidths through all signal control variables as phase length, offsets, cycle times and phase sequences. 

Note: ( 

2.8.19. REALBAND

Dell’Olmo, P., Mirchandan, P.B.: REALBAND: An approach for real-time coordination of traffic flows on networks, Traffic Research Record No. 1494, Transportation Research Board, 1995

The system identifies columns and their characteristics and manages their occurrence.

Note: ( No details found yet.

2.8.20. MAXBAND 

Little et al., 1981

An off-line method of traffic control based on average traffic volumes. It uses a uniform bandwidth design for each arterial.

Note: ( No details found yet.

2.8.21. MITROP 

Gartner et al., 1975 a, b

Note: ( No details found yet.

2.9. Software affordable on the market

During the searching information, there were founded the optimization techniques that were successfully finished and tested on the real traffic area conditions. These control systems were managed to the commercial sphere and it is possible to get them as 
a software package.

2.9.1. TRANSYT

A traffic signal co-ordination program for networks; TRL UK product. See also 2.8.1.

Note: ( 

2.9.2. Management of traffic using control and other measures: MUSIC

Routledge, I.W.; Smith, M.J., 1996

The MUSIC software package calculates area-wide traffic signal timings. It brings new, cost effective, traffic control strategy to manage and to optimize the overall network performance that is possible to reduce congestion, to improve the public transport efficiency through local bus priority and to influence mode choice. It also takes into account drivers’ route choices. 

Note: ( The abstract is available only, contact with authors or their workplace link was not possible to get.

Contact:
http://www.iee.org

2.9.3. SCOOT real-time adaptive control in a CORSIM simulation environment

Hansen, B.G.; 2000

SCOOT (Split, Cycle, Offset Optimization Technique), a third generation adaptive signal control system was connected to the CORSIM traffic simulation model that simulated the traffic activity of six-node traffic network. CORSIM’s virtual detectors provided the necessary data for SCOOT optimization in real time. The optimized signal timings were then communicated back to CORSIM to complete the loop. The current timings were implemented and the traffic simulation was consecutively updated. For the appointed traffic area, the delay and travel time reached by this optimization technique was compared with those by an optimization technique TRANSYT-7F for fixed-time control. The results showed reduction in the delay and numbers of stops of 20 to 30%. 

More about:

That is to say SCOOT is a tool for managing and controlling traffic signals in urban areas. It is an adaptive system that responds automatically to fluctuations in traffic flow through the use of on-street detectors embedded in the road. SCOOT has proven to be a world leader in Urban Traffic Control that typically reduces traffic delay by an average of 20% in urban areas. SCOOT not only reduces delay and congestion but also contains other traffic management facilities such as: traffic gating, bus priority, incident detection, on-line saturation occupancy measurement, vehicle emissions estimates.

SCOOT was designed for dense urban road networks such as those in London and other large towns and cities. However the system is also suitable for small networks. It is particularly effective where traffic flows are unpredictable e.g. random changes in traffic patterns such as often occur in popular tourist areas. SCOOT is designed to adapt to variations in traffic flow automatically and so does not need the full time attention of an operator. SCOOT has proved to be an effective and efficient tool for managing traffic on signalized road networks and is now used in over 170 towns and cities in the UK and overseas.

SCOOT, a dynamic urban traffic light control system is possible get as a product of following industries: TRL, UK, Siemens Traffic Controls Ltd., UK, and Peek Traffic Ltd., UK. 

Note: ( The full-text of mentioned paper is available in ÚTIA. There is available also the SCOOT web-link, SCOOT traffic handbook and more information about. No personal contact.

Contact:
http://www.trafficlab.utah.edu, http://www.civil.utah.edu, perrin@eng.utah.edu    

2.9.4. MOTION

The basic idea of Method for the Optimization of Traffic Signals In On-line Controlled Networks (MOTION) is to combine the advantages of well-designed green waves for the current major traffic streams in a network with the flexibility of an immediate response of the local control methods to the actual status of traffic. Because of this reason, traffic data are collected in the network, processed and analyzed in order to optimize all parameters of the signal program as cycle times, stage sequences, offsets and splits for all intersections in the network. 

Motion has three functional levels: strategic, tactical and operational one. 

· On the strategic level, cycle times, average green splits, basic stage sequences and offsets, as the elements of the green waves are determined every 5 to 15 minutes. 

· The tactical level takes into account some specific requirements as e.g. public transport priority, pedestrians demand, etc. and can modify the basic stage sequence. Stages can be also inserted or omitted. The green time will be influenced in case of intersection incident detection. The prospective modification is pursued once per cycle, it means each 60 – 90 seconds.

· The operational level can immediately react to the presence of individual vehicles second by second, if necessary. Changes to the splits are made through decisions on stopping or keeping the current stage with respect to the restrictions set by the frame signal plan.

The tactical and operational levels are optional. In case of not being available, fixed time programs with adapted cycle time, green time split, stage sequence and offsets are transferred to the local controllers.

The strategic decisions are made on the network level in the central control computer while tactical and operational decisions take place on the local level in the intersection controllers. The central system can be connected with different types of local control methods (fixed time or traffic actuated control). The network control restricts the local control only so much in order to guarantee a good overall network co-ordination.  

The optimization process has four steps: 

1. Because of real-time control, the detection of traffic data is necessary. MOTION can use detectors existing or new ones located directly at the stop lines, in distance of 20 to 200 meters in front of the stop lines or in the link entries near the upstream intersection. For network control with this algorithm, measurements points are needed at the most important entry and exit points of the network at least. Prepared measured values of traffic volumes and occupancy rates then are used every 60 or 90 seconds. Additional preprocessed data as incident reports and cyclic flow profiles can de also used. 

2. After data input preparation, determining of the traffic status begins. AID (Automatic Incident Detection) uses, dependent on the detectors location, different algorithms to asses the status and problem development at the measurements points from the traffic volumes, the degree of signal groups saturation and the occupancy rates. In case of detecting a network incident, special sets of parameters prepared off-line and comprising particular congestion clearance strategies are used. The traffic status can be

· Congestion 
– several links affected

· Incidents    
– only one link affected

· Imminent overload 
– beginning traffic problem

· No problem

The estimation of the most important individual traffic flows are analyzed by the Path Flow Estimator, software of TORG (the Technical University of Newcastle) based on O-D (origin-destination) algorithm. The origins and destinations of the flow are calculated on the basis of the pre-processed detector data or more accurately on the basis of aggregated and forecasted traffic counts. The presence of vehicles in the traffic flows are estimated on condition of user equilibrium, it means that drivers progressively choose such link of all cost valued that is not occupied and has as minimal cost as possible. This O-D estimation is carried out both for the intersection and the network level. The intersection volumes are needed to calculate green time splits and minimal cycle times for each intersection and then, consecutively, for calculating of the basic signal programs. The network estimated volumes are mainly use for the co-ordination.

3. Now, the optimization plan can be constructed based on the basic signal plans. But another important parameter is needed – progression speed or rather the travel time on each link. Then modeling the vehicles as platoons moving along the links and taking account of basic signal plans can be determined the offsets with the minimum of delays and stops. This process is repeated for each intersection until the green wave is not finally given as a set of applicative signal plans. Now can start the tactical and operational control at the intersections for the next period of about 15 minutes.

4. Dependent on the infrastructure of local controller and the used local control method, the signals programs are prepared and transferred to the local controller where further adaptations and modifications can be realized Then the operational level follows.

In case that the time and the optimization plan remain the same as in the previous period, only slight modifications of the signal programs according to changing volumes will be performed. All these aforementioned calculations are realized every 5 to 15 minutes in the central traffic controller and the resulting signal plans are sent to the local controllers to be switched on. The required inputs are gaps or occupancy in the entry lanes, queues in the intersection flows of the following stages and bus or tram approaches to the intersection.

Note: ( COSMOS, the results of the MOTION Demonstrator for Congestion and Incident Management Strategies in Piraeus are available in ÚTIA.

2.9.5. ESCORT (European Standard Controller with Advanced Road Traffic Sensors)

ESCORT dealt with the development of a new philosophy of traffic control at intersection level. ESCORT TR 4008 is a multinational collaborative project within the Transport sector of Telematics Applications Programme (TAP, under the European Union's 4th Framework Programme for Research and Technological Development 1994 - 1998). It began in January 1998 and has had duration of 27 months. Partners from Spain, France, Italy, Belgium and UK made up the Consortium.

One of the objectives of the ESCORT Project was to develop a standard interface, the SIM/IPS, to accomplish complex integration of devices or applications with little effort. Some of these applications were demonstrated in ESCORT (Automatic Incident Detection System, Enforcement System, Video Based Control System), integrated with the traffic controller trough the standard interface SIM/IPS. 

SIM/IPS models the elements of an intersection at different levels. It ensures visibility of the physical layout of the intersection and the different devices contained: traffic light groups, local controllers, cameras, etc. It provides the traffic control layout of the intersection: definition of traffic plans, stages, structures, positions, etc. and also ensures real time visibility and control of the working status of the physical devices: if they are on/off, crashed, etc. It provides real time visibility and control of the logical status of the elements (devices, applications and traffic control) of the intersection.

Moreover SIM/IPS provides the interfaces and methods to enable the information exchange between applications (traffic control and monitoring), devices and the elements modeled by the SIM/IPS that purpose is to build an open interface to allow easy integration of heterogeneous hardware devices on the one side and software applications on the other side. 

The ESCORT Standard Interface is basically a generic object model that reflects the elements a real traffic system can have. This object model is updated in real time so that any application or device feeds/gets information to/from the interface at any given time. The ESCORT SIM/IPS aims at providing an integration platform to allow different applications based on advanced technologies (e.g. AID, video enforcement, etc.) to co-exist and to rely on different kinds of devices and applications of the UTC systems.

Two modules integrate the ESCORT Open Interface:

· SIM is defined as a universal Standard Interfacing Module independent of any specific local controller, which allows the integration of monitoring software into any local controller. 

· IPS (Intersection Platform Software) is an extension to the SIM, which also provides the software components on top of it with appropriate control mechanisms in order to allow them to implement automatic control over the intersection. IPS is the extension that will offer some features in terms of Real Time Control, actually ‘replacing’ the traditional local controllers in their role to rule the intersection. 

Furthermore ESCORT has conducted a set of demonstrations in different cities of Spain, France and Italy where the specific user requirements, as well as the traffic control infrastructure and test conditions (traffic, environment, weather, etc.) are very different. This demonstrates the standard of the framework and its capability for working with different systems, applications and infrastructures.

Note: ( The project web-link is available, didn’t made any contact. The Full Copies of the Deliverables are available under the payment.

Contact:
http://www.trg.soton.ac.uk/escort/    

2.9.6. ARCADY

Prediction of capacities, queues and accidents at isolated roundabouts; TRL UK product.

Note: ( 

2.9.7. PICADY

Prediction of capacities, queues and accidents at isolated non-signalized priority junctions; TRL UK product.

Note: ( 

2.9.8. OSCADY

Prediction of capacities, queues and accidents at isolated signal controlled junctions; TRL UK product.

Note: ( 

2.9.9. TPM

Transport Policy Model - a low cost interactive modeling tool for transport policy makers; TRL UK product.

Note: ( 

2.9.10. MAAP

An accident analysis package with flexible data entry and analysis linked 
to a GIS module; TRL UK product.

Note: ( 

2.9.11. CONFIRM

A system for the optimization of maintenance of road network, with treatment options and budgetary considerations; TRL UK product.

Note: ( 

2.9.12. COBA

A Highways Agency Software Product Estimates the effects of a highway improvement, in terms of time, vehicle operating and accident costs on the users of the road system; TRL UK product. 

Note: ( 

2.9.13. BUNDLE

Suite of DOS programs useful to the traffic engineer for junction design and traffic control; TRL UK product.

Note: ( 

2.9.14. SAFENET

For designing safer road networks in towns and cities, TRL UK product.

Note: ( 

2.9.15. CONTRAM

A dynamic assignment model for the study of network journey times; TRL UK product.

Note: ( 

2.9.16. MTV

A tool for monitoring and evaluation of controlled motorway systems using the Highways Agency's standard data format; TRL UK product.

Note: ( 

2.9.17. Road Note 39

A program to supplement "Design Guide for Road Surface Dressing"; TRL UK product. 

Note: (
2.9.18. PERS

PERS (Pedestrian Environment Review Software) is a software application to assess the quality of any pedestrian environment, TRL UK product. 

Note: ( 

2.9.19. QUADRO

A Highways Agency Software Product Estimates the effects of road works in terms of time, vehicle operating and accident costs on the users of the road; TRL UK product. 

Note: ( 

2.10. Simulators

Several mentions of the various traffic simulators were also founded during the searching information about the traffic control systems. These simulators were used for the macro simulations or the micro simulations of the traffic flows because of the control methods testing. The simulation tools are not in focus of our present interest but the information about could be useful later. That is why the compendious list of these relative references is only given. 

2.10.1. PADSIM (Probabilistic Adaptive SImulation Model)

This simulator was developed at The Nottingham Trent University, UK, in order to combine the micro simulations realism with the efficiency of macro simulations without incurring the disadvantages of the respective approaches. A versatile graphic library is the simulator’s component using in implementing a network visualization module. This module uses the traffic network description format compatible with the City Traffic Map Editor (TEDI, developed by Universitat Politecnica de Catalunya). As micro-simulating module, there was used the HUTSIM model developed at Helsinki University of Technology in Finland. 

The PADSIM simulator was used during the testing of DIME system (see 2.7.1.) for example. The macro simulation module is currently being developed.

Note: ( The university project link and the full-text are available in ÚTIA.

Contact:
 http://www.scm.ntu.ac.uk/RTTS/Projects/epe/project.html 

2.10.2. TRAF-NETSIM

Rathi, A., Santiago, A.J.: Urban Network Traffic Simulation: TRAF_NETSIM Program, Journal of Transportation Engineering 116, 1990

It is a microscopic stochastic simulation model of an urban street network (see also 2.6.1.). It describes the operational performance of vehicles using discrete event simulation techniques. Each vehicle is represented individually and its states are updated every second. Vehicle categories (car, bus, auto), types (operational features) and driver behavior are also considered. The signal controller at any intersection can be fixed-time or fully actuated. There are computed such measures of effectiveness as delay, queue length, traffic density, fuel consumption and emission.

The TRAF-NETSIM model has been used in evaluating the impact of metering traffic at the periphery of some high traffic density sectors of New York City.

Note: (
2.10.3. Qualitative simulation in urban traffic control: implementation of temporal features

Toledo, F., Moreno, S., Rosich, F., Martin, G.; 1991

In this paper, an urban traffic simulator based on a qualitative reasoning paradigm is presented. This simulator is able to deal with one-dimensional and bi-dimensional parameters. It respects two important features in UTC (Urban Traffic Control) that make this approach useful as on-line tool. It is possible to make prediction of future conflictive situations that may arise from the current state. The second requirement is detecting of non-predictable incidents, it means analyzing the divergences between the predicted behavior and the observed one.

The knowledge about the system is represented in a granular and hierarchical way, from the general specifications of the application domain to the particular system characteristics. The method consists on series of specifications on how to translate the physical description to a suitable format to work with it. The hierarchical structure has a five parts: taxonomy of objects, relations and parameters and behavior of these objects and relations. The work is still in progress in order to study the response of the simulator in more complex urban networks and in the integration with existing UTC systems.

Note: ( The full-text is available in ÚTIA.

Contact:
lisitt@evalun11.bitnet  

2.10.4. CORSIM

It is a stochastic and periodic-scan based microscopic simulation program of urban traffic developed for FHWA, U.S. Department of Transportation. Two basic link statistics generated in CORSIM are delay and queue time. The individual vehicle delay is calculated as the time difference between the actual and free-flow link travel time for a driver-vehicle unit. The average link delay is obtained by dividing the total delay time (experienced by vehicles that have already traversed the link) by the number of vehicles that have discharged from the link. The queue time is the time accumulated in a queue that is caused by the link control. 

This simulator is capable to reflect reality and inherent traffic stochastic nature. Because CORSIM is stochastic, performance measures must be assessed through multiple runs and summarized in distributions and other reflections of variability. With the fixed expected demand volume on the network, the multiple CORSIM runs can simulate the effect of day-to-day variations in arrival patterns, turning percentage, driver characteristics, etc. But it cannot cope with significant demand changes while maintaining the same expected or average demand volumes. Previous works also indicated that CORSIM may underestimate the actual delay reported under congested conditions because the delay in CORSIM excludes that accrued ones by vehicles remaining on the network at the end of the simulation run.

However, the use of CORSIM as an assessment platform is grounded in its general acceptance.

Note: ( More information is possible to find at the full-text of the reference 2.3.12.

2.10.5. CORFLO

Parsonson, P.S.: Signal Timing Improvement Practices, Transportation Research Board, National Research Council (February), 1992

This is a macroscopic simulation traffic model on signalized intersections and freeways. It can also analyze alternative construction plans.

Note: (
2.10.6. SIGSIM

Note: (
2.11. Books

This section refers not about the books describing the particular methods or systems. Conversely, the objective was to find any book that can offer an integral panorama of the traffic control systems and methods. It is necessary to note that the books available on the Czech market were preferred.

Inteligentní Dopravní Systémy

Přibyl, P., Svítek, M; BEN – technická literatura, Praha, 2001
This book gives an overview of telematic urban systems and method of network control. There are mentioned method for optimization of area signal traffic control known as TRANSYT, furthermore centralized systems SCOOT and SCATS, decentralized system MOTION and others of expert control methods as expert systems, fuzzy logic, etc.  Otherwise, there are generally discussed possibilities of traffic flow control. 

In addition to aforementioned, there are described principles of parking and toll systems, public transport systems, information and navigation systems, communication and safety systems, idea of intelligent vehicle, etc. A special chapter is devoted to tunnels from a technologic and traffic point of view. 

Final chapters draw the position of ITS in Czech Republic in European and international context.

Note: (  This book is generally available.

2.12. Redundant references

Here are presented some redundant references as the product of the searching information about the optimization control methods. These articles have either little or no context with the signal traffic control of our meaning. 

2.12.1. Hierarchical Bayesian models for road accident data

Tunaru, R.; 1999

A lot of research has tried to establish relationships between accidents, traffic volumes and geometric characteristic of road network sites. The author proposes two quite similar classes of model that both can be described as mixed generalized linear (hierarchical Bayesian) models, with the mean of each response variable equal to the product of a random effect (gamma or log-Normal distributed) and a regression term based on important explanatory variables such as speed limit, link length and estimated traffic. There are simultaneously modeled different types of accident according to its severity and the number of vehicles involved.

Note: (
2.12.2. Potential for improved signal control of road traffic using image analysis

Allsop, R.; Heydecker, B.G. (as investigators)

In this project, the traffic simulation model SIGSIM was linked to a separate simulation of the way in which suitably placed cameras could provide video images of the traffic. Interpretation of the images can provide inputs to suitable traffic-responsive signal control algorithm and thus control the traffic being simulated in SIGSIM.

Note: ( The author university workplace and the project links are available, made contact with one of the investigators.

2.12.3. Traffic data and their implications for consistent traffic flow modeling

Helbing, D., 1997

Traffic data were analyzed with respect to traffic flow modeling. There were considered such aspects as a calibration of model parameters and functions. Relationships between some traffic parameters were particularly investigated to be possible to define macroscopic models of the vehicle density and the average velocity. The work tries to answer two basic questions: Which traffic parameters and functional relations should the traffic flow model reproduce? Which one of the existing models should be used for traffic dynamics simulation? In this paper, there are presented conclusions as determination of approximate vehicle velocity distribution and corresponding model for, etc.

Note: (
2.12.4. A Real-Time Flow Estimation Model for Advanced Urban Traffic Control

Dr. Martin, P.T.; 1998

The referred document is IDEA Program Final Report. This study investigates the performance of the TMERT model with respect to the model sensitivity to the intensity of detector coverage and to its location. There is supported the methodology for optimal location theory and the value of planning detection locations for a flow estimation model.

The result is a Utility Function that allows each link in a network to be ranked based on an exponential equation that is a function of link flow and location rating within the network. The general result is that links with higher flows and located internal to the network provide greater insight in solving the flow estimation problem.

Note: (
2.12.5. Nested threshold autoregressive (NeTAR) models

Astatkie, T., Watts, D.G., Watt, W.E.

A class of NeTAR models is proposed to describe non-linear time series. The NeTAR modeling procedure involves forming zones defined by two threshold variables, estimating threshold parameters and subset selection. It is illustrated using an Icelandic stream flow series. The proposed model gave an easily interpretable final model that outperformed TARSO (Open-loop Threshold Autoregressive System, Tong, H., 1990) and NAARX (Non-linear Additive Autoregressive with Exogenous variables, Chen, R., Tsay, R., 1993).

Note: ( The full-text and references of mentioned models articles are available in ÚTIA.

2.12.6. Comparison of parametric and nonparametric models for traffic flow forecasting

Smith, B.L.; Williams, B.M.; Oswald, R.K.; 1999

Two models were used for application to single point short-term traffic flow forecasting, a classic parametric model ARIMA (seasonal autoregressive integrated moving average) and nonparametric regression model. The research has shown that ARIMA models deliver statistically results than nonparametric forecasting approach. 

Note: ( The abstract is only available. This reference didn’t bring any specific information thus no details were searched.

2.12.7. The Intersection Advisor

Bryson, D.A., Stone, J.R.: Intersection Advisor: An expert system for intersection design, Transportation Research 25A, (5), 1991

It recommends geometric modifications to improve the intersection operations, given the volumes, critical movements and physical constraints on the approach.

Note: ( The full-text is available in ÚTIA. No details were searched.

2.12.8. Design of bus- stop priorities

Fernández, R.; 1999

This paper discusses the issue of the importance of bus stops on bus operations and why they should be considered as part of bus priority schemes. Some definitions are suggested and the process of designing bus stops is explained. As a result, the importance of designing bus stops is raised as the most important factor for improving the bus system.

Note: ( The information isn’t of traffic control concern.

2.12.9. Incident detection by MOTION for strategic control in the traffic management system “stadtinfoköln”

Kruse, G., Tannert, R., Hasberg, P.

Within Transport and Traffic Information System, MOTION Incident Detection (MID) delivers information about the current traffic situation for private transport information. The system was tested in different demonstrations in Cologne with 
a success. General ideas about the detection and the application of are described in this article. 

Note: ( The full-text is available in ÚTIA. No details were searched.

3. Conclusion

This bibliographic search set itself to chart the research and the real applications of the optimal traffic control that were developed during the last ten years. The search was aimed to take into consideration those projects and methods that were efficient, multi-purpose and particularly practicable in the first place. All possibilities of getting information about were attempted to use – the Internet, the books, the textbooks, the research papers, the reports and the personal contacts to evaluate. 

It is obvious that, for example, the systems using fuzzy logic controllers or neural networks are still not developed on such level to allow their application in the real traffic area. On the other hand, there are a lot of the control systems commonly used and that pan out in practice. 

It is also possible to deduce how such traffic control system could be structured. The system should definitely have two control levels at least – the intersection control level and the network one; in other words, the decomposition approach should be applied. It also seems that the decentralized system is more efficient. The distributed, traffic adaptive and dynamic computer control offers some advantages over centralized and pre-timed approaches:

1) It is obvious that any central controller cannot easily consider the sudden changes in the local traffic flow conditions. The spatially and temporally local conditions must be respected in order to make the relevant decision.

2) Even the high quality communication and computational equipment cannot guarantee the transmittal that is faultless and speedy enough for the centrally controlled environment.

3) The decentralized system allows the parallel data processing, which permits to make the relevant decisions more quickly. There is also saved the time that would be necessary for data communicating to the individual traffic signals.

4) The local area changes of street structure, permanent or temporary, can be realized more easily and inexpensively in case of the distributed controllers.

5) In case of the local computational blackout, the whole system will be not paralyzed at all. It will probably work only with reduced quality and somewhat slowly.

Finally, it should be said that any proposed system must be designed in a way that is open to the further development in the future. The system should be sufficiently general for its application in the different areas, with small modifications dependent on the local traffic conditions pertinently.

It is necessary to design a suitable model of the traffic flows in the area. Such model must be the macroscopic one. The model of this concept avoids the computational complexity associated with the microscopic models. For example, it is quite sufficient to know the percentages of the cars turning or keeping the same direction at an intersection. The system must be able to optimize the traffic signal plan parameters as the cycle time, the stage sequence, the offsets and the splits for all intersections in the network. From the network position, the delays and the total stopped time should be also optimized.

The intelligent control system could not only react to immediate data inputs but it must be able to forecast impended changes of the traffic flows. Obviously, it is important to choose the data detection and collection, the way of parameter estimation and the optimization criterion, etc. very carefully. The system should respect the experiences acquired (the traffic volume dependence on the time and the local conditions, for example).

The user requirements and the public transport requirements above all should be taken into account in case of the urban traffic control. The system must be open to the telematics environment.

The following overview offers my opinion of the benefit of the mentioned optimization approaches. The appraisal refers only about the references that are rather of theoretical nature.  I suggest studying further the relevant papers.

· Very promising:

· SMART NETS (see 2.5.3.)

· Productive:

· Tracking and predicting a network traffic process (see 2.2.5.)

· Lane-based optimization of traffic equilibrium settings for area traffic control (see 2.3.3.)

· Integrated adaptive-signal dynamic-speed control of signalized arterials (see 2.3.7.)

· Group-based optimization of a time-dependent TRANSYT traffic model for area traffic control (see 2.3.9.)

· A Cell-Based Traffic Control Formulation: Strategies and Benefits of Dynamic Timing Plans (see 2.3.10.)

· Adaptive Traffic Control: Control Strategy, Prediction Resolution and Accuracy (see 2.3.11.)

· A decomposition approach for signal optimization in road networks (see 2.4.1.)

· Direct signal-timing optimization: strategy development and results (see 2.4.4.)

· A novel traffic signal control formulation (see 2.4.5.)

· Harmonization for omni-directional progression in urban traffic control (see 2.6.1.)

· Calculation of signal settings to minimize delay at a junction (see 2.6.2.)

· Treatment of random variability in traffic modeling (see 2.6.5.)

· Dynamic network traffic control (see 2.8.1.)

· MOTION methodology (see 2.9.4.)

· No point in our meaning:

· Fuzzy logic controllers

· Neural networks
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